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PREFACE 


Changes in the methods of chemical analysis, both major modifications and precise 
refinements, have been manifold during the twenty-five years since publication of 
the Fifth Edition of STANDARD METHODS OF CHEMICAL ANALYSIS. As 
a result of the development of new analytical techniques, as well as an expanding 
interest in the variety of materials subject to examination, analysis and analysts 
have recognized— and continue to stress— the necessity for comprehending the essen- 
tial importance of substances considered insignificant only a few decades ago. 

The preparation of a Sixth Edition of STANDARD METHODS OF CHEMICAL 
ANALYSIS was inevitable if the work were to maintain its utilitarian function in 
the onrush of contemporary change. Volume II, consequently, has undergone con- 
siderable expansion in content, evidenced by its physical size-approximately twice 
that of the Fifth Edition. Despite the changes in treatment and content, the purpose 
of this volume remains identical to that expressed in the l'irst Edition. As an 
explanation of the aim of the present volume, we quote from the original Preface: 

"This book is a compilation of carefully selected methods of technical analysis that 
have proven of practical value to the professional chemist. The subjects have been 
presented with sufficient detail to enable one with an elementary knowledge of 
analytical processes to follow the directions; on the other hand, lengthy exposition, 
theoretical dissertation, and experimental data are purposely avoided, in order to 
include a large amount of information in a compact, accessible form. References 
to original papers are given when deemed advisable.” rt 

The organization of. the. Sixth Edition is similar to that of the Fifth, but an exten- 
sive new part. Apparatus , General Operations , and Reagents, has been added. This 
consists of sixteen chapters, of which the following thirteen arc new: Standard Lab- 
oratory Apparatus; Detection of the Cations and Anions; Mechanical Separation; 
Separation by Precipitation; Separation by Electrolysis; Solvent Extraction; Separa- 
tions by Distillation and Evaporation; Qkroinatography; Ion Exchange Methods in 
Analysis; Final Gravimetric Treatment; ^Acid-Bpsc Titrations in Nonaqueous Sol- 
vents; Statistical Interpretations; and Quantitative ■Organic "Analysis. 

In Part II, Special Techniques for Industrial Products and Other Special Sub- 
stances, ten new chapters have been added: Air Pollutants; Amino Acid Analysis of 
Protein Hydrolyzates; Chemical Analysis in Clinical Medicine; Fertilizers; Gas Anal- 
ysis-Vacuum Techniques; Pesticides; Plastics; Silicates: Glasses, Rocks, and Ferrous 
Slags; Soils; and Vitamins. 


Almost without exception, chapters that appeared in the Fifth Edition have been 
completely rewritten. Of the fifty chapters appearing in this edition, only four have 
the same authors as previously. In those instances where chapters appearing in the 
Fifth Edition have been prepared for the Sixth Edition by different authors, they 
have been rewritten and not merely revised. 

The editor has received much useful assistance from many sources, and wishes to 
express his gratitude here as well as later in the text. Special mention should be 
made of Professor N. Howell Furman, editor of the Fifth Edition, and Volume I of 
the Sixth Edition. As advisory editor of Volume II, he prepared the outline used in 
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organizing the text, gave valuable assistance in securing contributors for the many 
chapters, and made many helpful suggestions and criticisms. 

The editor wishes to acknowledge also the valuable assistance given by Dean Virgil 
Hunt of the Indianapolis Regional Campus of Indiana University in making avail- 
able the many facilities of his department to aid the completion of this book. 
Furthermore, a number of people have rendered invaluable aid in typing portions 
of the manuscript, attending to correspondence, proofreading, and preparing the 
Index. These are: Janet Boling, Patricia Van Noy, Oka Neglcy, Ruth Moody, and 
Judy Call. 

Permission to reproduce material from many books and journals has been very 
generously granted by the following: Prentice-Hall, Inc.; Reinhold -Book Division; 
Association of Official Agricultural Chemists; Williams and Wilkins Co.; American 
Gas Association (Gas Analysis and Testing of Gaseous Materials); John Wiley and 
Sons, Inc.; California Chemical Co.; E. I. DuPont de Nemours and Co.; Niagara 
Chemical Division; The American Oil Chemists’ Society; Parr Instrument Co.; Tech- 
nical Association of the Pulp and Paper Industry; American Society for Testing and 
Materials; Pergamon Press Ltd.; The American Public Healtli Association, Inc.; 
Department of the Navy, Bureau of Natal Weapons; Hercules Powder Co.; Air 
Force Flight Test Center, Air Research and Development Command, U. S. Air Force; 
California Institute of Technology, Jet Propulsion Laboratory; Analytical Chemistry; 
Universal Oil Products Co.; Harper and Brothers, Publishers; Academic Press; Inter- 
science Publishers, Inc.; McGraw-Hill Book Co., Inc.; E. H. Sargent and Co.; Fisher 
Scientific Co.; Arthur H. Thomas Co.; Microchemical Journal; Coleman Instruments, 
Inc.; Mettler Instrument Corp.; William Ainsworth and Sons, Inc.; Englehard Indus- 
tries, Inc.; and Micro-Ware, Inc. 

The task of assembling and coordinating the material for this book lias been sim- 
plified immensely by the remarkable spirit ol cooperation exhibited by the various 
collaborators in all phases of the undertaking. The editor wishes to thank all 
contributors for their efforts toward bringing this book to its final form, and for 
making available the specialized information that it contains to all who may have 
need of the methods of practical chemical analysis. 
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APPARATUS, GENERAL 
OPERATIONS, AND 
REAGENTS 



Chapter 1 


STANDARD LABORATORY 
APPARATUS 

By W. Stanley Clabaugh 

Chemist, Food and Drug Administration 
Department of Health, Education and Welfare 
Washington, D. C. 


Quantitative analysis is the determination of the quantity of one or more of 
the constituents present in a given material. Regardless of the method used to 
determine this quantity, somewhere in the operation a set of precise analytical 
weights and an analytical balance must be used. Therefore, the accuracy of all 
work rests fundamentally on the weights and balance that are employed. H. S. 
Washington states . . if the balance and weights are not accurate, and are not 
carefully taken cave of, the labor and time expended on an analysis will largely 
go for naught. The balance and weights should therefore be regarded with a feel- 
ing akin to reverence, and the balance case looked upon, so to speak, as a 'sanc- 
tum sanctorum’.” 

WEIGHTS, BALANCES, AND WEIGHING 

The Weights .— As is well known, the international metric system is used in 
scientific work, and the standard of mass is the international prototype kilogram 
which is in the custody of the International Bureau of Weights and Measures in 
France. Two copies of this standard, designated as the United States prototype 
kilograms, are at the National Bureau of Standards, Washington, D. C. These 
weights are the ultimate base for all gravimetric analysis. 

The analyst should exercise extreme care fin selecting the weights he uses. The 
material of which analytical weights are made must be hard, nonmagnetic, resist- 
ant to oxidization and corrosion, and unaffected by humidity. The entire surface 
of each weight must be smooth and highly polished, and must remain so in use. 
The weights must always be handled with the special lifter which the manufac- 
turer provides with each set of weights. These lifters are especially designed, and 
the tips that come in contact with the weights must be smooth and made of a 
material that minimizes the abrasion of the weights during use. Nonmagnetic 
stainless steel is suitable for weights of 1 g. and larger. Platinum or an alloy of 
96.5% platinum and 3.5% rhodium is suitable for fractional gram weights of 10 
mg. or larger. Highly polished tantalum is suitable for the fractional grain weights 
of less than 10 mg. 

The accuracy of a set of weights should never be taken for granted. This is 
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true for a new set, as well as for a set that has been used. There are extreme 
variations in the quality of weights, and nothing except a test of each tttdmdua 
weight will prove its accuracy and constancy. It would be .deal tf every set of 
weights that is used in analytical work were tested by the National Bureau of 
Standards. 1 but this may not be practical. Therefore, every first class laboratory 
should have available a set of weights certified by the National Bureau of Stand- 
ards as conforming to Class M weights. These weights then can be used to deter- 
mine the accuracy ol the normal "working” weights. For weights to conform to 
Class M or Class S, they must be adjusted within the limits of error prescribed in 


Table 1-1. 

The mere fact that a set of calibrated weights is not available is no excuse for 
an analyst to use questionable weights. Inaccurate weights often go undiscovered, 
either through ignorance or through fear that the calibration methods are too 
difficult or too time-consuming to be practicable in an ordinary analytical labora- 
tory. A quick check for gross inaccuracies can be made by a few simple weigh- 
ings. Since most gravimetric analyses are reported as ratios or percentages, it is 
usually sufficient that the set of weights used be nearly consistent among them- 
selves, that is, the I-g. weight be exactly 10 times the weight of the 100 milligram 
weight and the 10-g. weight be exactly 10 times the weight of the 1-g. weight. 
The method of calibration dial can be used is that of Richards* in which one 
weight, perhaps the 10-g., is assumed correct; that is, it weighs 10.0000 g. The 
values of all other weights can be expressed in terms of this 10-g. weight. 

The Analytical Balance .— The value of gravimetric analysis rests fundamentally 
on the accuracy of the instrument employed to determine the weight of the 
sample to be analyzed as well as to determine the weights of the various com- 
ponent parts. The instrument used is the analytical balance, which is the oldest 
form of instrument in use in analytical chemistry. The analytical balance is 
used to compare the weight of the sample to be analyzed to the standard unit of 
weight (mass), and likewise to compare the weights of the various separated com- 
ponents to the same standard unit of weight. 

The fundamental requirements for a reliable analytical balance are: 

A. H must be accurate and precise. It should give the same results when the 
same object is weighed several times. 

B. It must have sufficient sensitivity. It must respond to slight changes in 
weight. For most analyses it is sufficiently sensitive if one can easily determine 
0.1 mg. 

C. Above all, the balance must be stable and well constructed. The beam must 
return to its horizontal position after swinging. The beam must not bend under 
its normal working load. All knife-edges must be sharp, lie in the same plane, 
and be parallel to one another. The plates on which the knife-edges rest when 
weighing should be made of a hard material, usually agate, highly polished, and 
perfectly smooth and flat. The knife-edges should remain sharp and the plates 
flat, “not cupped,” when the balance is properly used. 

There are three general types ol analytical balances available to the analyst 
One type of analytical balance is essentially an equal-armed lever, supported at 
the center and iree to swing in a vertical plane. Balance pans are suspended from 


, “ Ie ' ! b > National Bureau of Standards for the letting of 
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3 Richards, T. \\\, J. Am. Chem. Soc., 22, 144, 1900. 
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Table 1-1. 


Precision of Corrections and Tolerances for Class M, High Precf 
sion Weights, and Class S, Laboratory Weights 


Denomination 

Class M 

Class S 

Tolerance 

Precision of 
Correction 

_ , Precision of 

Tolerance Corrcction 

.... _ 

100 g. 

0.5 mg. 

0.1 mg. 

0.5 mg. 

0.5 mg. 

50 

•3 

.1 

.3 

0.1 

20 

.2 

.01 

.2 

.1 

10 

.15 

.01 

.15 

.05 

5 

.15 

.01 

.15 

.05 

2 

.10 

.01 

.10 

.05 

1 

.10 

.01 

.10 

.05 

500 mg. 

.05 

.001 

.05 

.01 

200 

.05 

.001 

.05 

.01 

100 

.05 

.001 

.05 

.01 

50 

.03 

.001 

.03 

.01 

20 

.03 

.001 

.03 

.01 

10 

.02 

.001 

.02 

.01 

5 

.02 

.001 

.02 

.01 

2 

.01 

.001 

.01 

.01 

1 

.01 

.001 

.01 

.01 

0.5 

.01 

.001 

.01 

.01 

0.2 

.01 

.001 

.01 

.01 

0.1 

.01 

.001 

.01 

.01 


each end of the beam or lever. The object to be weighed and the weights used 
are placed on these pans. Analytical balance of this type may differ in various 
constructional details, but all have the same fundamental features. The final 
weight is obtained by one of the methods of swings. A second type of analytical 
balance is constructed exactly like the previous type except that some kind of 
damper, usually of a magnetic type, is attached to one or both ends of the beam. 
The purpose of the damper is to eliminate the swinging of the balance. In fact, 
the oscillations are so completely damped that, if there is a small difference in the 
weights on the pans and the balance is released, the pointer will swing to one 
side and come to rest at the end of its swing. The scale is graduated in milli- 
grams; thus, the point of rest indicates directly the weight of the object. Natu- 
rally, the exact point of rest must be determined either with a microscope, or 
the two images, pointer and scale, are magnified and projected on some type of 
viewing screen. 

A third type of analytical balance may or may not be an equal-arm balance. 
In either case, it is a so-called damped balance. This type of balance may be 
called a one-pan balance. That is to say, attached to the beam on one side of 
the fulcrum is a counterpoise of sufficient weight to balance exactly the pan and 
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weights on the opposite side. The total load on the balance is always constant 
and weighing is made by substitution; that is, w.th the unknown on the pan of the 
balance, weights are removed from the pan side of the beam until the equtl.br, urn 
is restored. Thus, the amount o£ weight removed is the weight of the unknown 
object. The balance has its own set of built-in weights which are removed from, 
or placed on, the pan side by means of some type of levers. These weights nor- 
mally hang from the weight hanger which is attached to the stirrup. Lash of and 
Macurdy have published a method for checking this type of balance and weights.® 

Each type of analytical balance may be obtained with at least three different 
capacities; namely, a normal analytical balance of 200-g. capacity, a semi-micro 
of 50- to 100-g. capacity, and a micro of 20-g. capacity. 

Regardless of the type of analytical balance used, it must be placed on a firm 
foundation and protected as much as possible from vibrations and jarring. It 
should also be protected from changes in temperature, and never placed near a 
window, an air conditioner, or a radiator, or other source of heat (including in- 
candescent light). Above all, it should not be placed in a laboratory where it can 
be subjected to various corroding gases. 

The Weighing .— The fact that an analyst has an excellent set of calibrated 
weights and uses an excellent balance is not positive proof that the weighings are 
correct. To obtain true and exact weights, much depends on the technique used 
in the manipulation of the balance and the weights and the objects being weighed. 

The balance beam should always be raised or lowered with extreme caution; 
this prevents undue damage both to the knife-edges and the planes on which they 
operate. The weights and the object being weighed must always be placed in 
the center of the pan. Weights should always be handled with forceps and never 
with the fingers. Weights of the highest accuracy should be kept in a closed box 
when not in use. However, those weights that are in continuous use for ordinary 
work can be kept in a suitable place within the balance case, provided the case 
is reasonably tight and the balance door is kept shut when not in use. 

Objects to be weighed must, of course, be allowed to come to the same tempera- 
ture as the balance before weighing is attempted. The time required for the 
temperature of any object to come to the same temperature of the balance will 
depend on the size and kind of material, as well as on the temperature at which 
it was dried or ignited. For instance, if several porcelain crucibles are removed 
from a furnace at a temperature of gOO’C. and placed in a desiccator, there is 
sufficient heat present to warm up the entire desiccator and many hours are re- 
quired for the desiccator and the crucibles to come to the same temperature as 
the balance. In a case like this, it is best to allow the desiccator to remain on a 
laboratory bench for several hours to dissipate as much heat as possible. Then 
allow the desiccator to stand near the balance for at least over night before at- 
tempting any weighings. 

Many objects, especially if they are made of glass or quartz, become electrified 
by friction. This electrification is caused by wiping or rubbing; therefore, such 
objects should not be wiped immediately before weighing. Electrification may also 
be caused by undue sliding of the object along the base on which it rests, as well 
as by twisting of the ground glass stopper or cap of a weighing bottle. The pres- 
ence of a static electrical charge on an object being weighed causes erratic be- 
havior of the balance. If the method of swings is used with an equal-arm bal- 

3 Lashof, T. fV., and Macurdy, L, B., Anal. Chera., 26, 707, 1954, 
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ance, the swings are erratic. Likewise, the weight obtained by a damped balance 
mav vary by plus or minus several tenths of a milligram on successive trials. This 
effect is due to the attraction or repulsion of the charged container for the wall 
or floor of the balance. This static electrical charge can be very annoying, espe- 
cially when the relative humidity is low. It is reported that the charge may be 
dissipated by placing a small amount of radioactive material in the balance case 
to ionize the air. The use of a “high-frequency vacuum tester” for the removal 
of the electrostatic charge has been recommended by Van Straten and Ehret. 4 
The best method available is to handle the object to be weighed in such a man- 
ner that it does not become electrified. 

Another source of error is the adsorption of moisture. It is a known fact that 
any perfectly dry object placed in a moist atmosphere will adsorb moisture on 
its surface. The amount of moisture, which causes an increase in weight, will 
depend primarily on the properties of the material itself and on the relative 
humidity of the atmosphere to which it is exposed. 

Materials like platinum, nickel, and most porcelain, which are used to make 
crucibles and dishes, are so very slightly hygroscopic that, when properly heated 
and cooled, they will not adsorb sufficient moisture to cause an increase in weight 
in the time required to make the weighing. Other materials like glass, quartz, 
etc., especially if they have a large surface, may increase considerably in weight 
due to moisture adsorbed during the time of weighing. The errors due to ad- 
sorption of moisture on the surfaces of containers can be minimized by the use 
of a tare. Such a tare is a similar container, both in weight and surface, and is 
exposed to the same cleaning, drying, and cooling as the container in which the 
object to be weighed was exposed. 

One of the principal sources of error is the absorption of moisture by the sub- 
stance being weighed, which is usually of much larger magnitude than the ad- 
sorption by the container. The amount of moisture absorbed will depend on the 
nature of the substance. Materials like anhydrous aluminum chloride and phos- 
phorus pentoxide and similar substances absorb water very rapidly and must be 
weighed in tightly closed containers. Materials like sodium chloride, ammonium 
dihydrogen phosphate, and metal chips may be weighed in open containers. Natu- 
rally, there are materials between these two extremes so that the precaution to 
take while weighing will depend on the particular substance being weighed. The 
physical characteristics of a substance must also be considered: silica gel is so 
hygroscopic that it may be used as a desiccant and must therefore be weighed in 
a closed container, whereas pieces of quartz may be weighed in open containers. 
Likewise, zirconium oxide that has been formed by ignition at 600°C. is so hygro- 
scopic that it must be weighed in a closed container: yet, if the same material is 
heated at f)00° to 1000°C„ it may be weighed in open crucibles. There are many 
other substances that have similar characteristics. Therefore, to make accurate 
weighings one must know something about the nature and history of the object 
to be weighed. J 

A body that is weighed in air is buoyed up by a force equivalent to the weight 
of the volume of air displaced by the body. This buoyancy effect must be taken 
into account and corrected for in analytical work of the most precise nature, such 
as the intercomparison of standard substances, the determination of the accuracy 
of a method, the standardization of acids or alkalies, and especially in the deter- 

4 Van Straten, F. W., and Ehret, W. F., Ind. Eng. Chem., Anal. Ed., 9, 443, 1937. 
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initiation of atomic weights. For most analytical work it is sufficient to use the 
weight obtained with stainless steel weight in air under normal cor.dtt.ons If 
necessary, the weight of an object in vacuum may be calculated from the weight tn 
air by the following equation: 


M = W A + 


A 


Wa\ 

dJ 


where M is the weight in vacuum, W A , apparent weight in air, p, density of air, 
D v density of object, and A. density of weights. 


VOLUMETRIC APPARATUS 

The value of volumetric analysis rests, as in gravimetric analysis, fundamen- 
tally on the accuracy of the instruments employed to determine the volume of a 
standard solution required to react with a known quantity of an unknown sub- 
stance. This applies also to the measurement of an aliquot of the solution of the 
sample to be analyzed. The instruments used arc volumetric flasks, burets, trans- 
fer pipets, and measuring pipets. They are made in various sizes. 

Volumetric Units.— The fundamental unit of capacity is the liter. A liter is the 
volume occupied by one kilogram of water at its maximum density (3.98°C.) and 
under normal atmospheric pressure (760 mm. of mercury pressure). The volume 
is measured under normal atmospheric pressure, but the mass, one kilogram of the 
water, is the weight ill vacuum. In volumetric analysis the unit most used is the 
milliliter (ml.), which is one one-thousandth of the liter. The unit milliliter 
(ml.) should not be confused with the unit cubic centimeter (cc.). The cubic 
centimeter is a unit of volume derived from the meter, which is the standard for 
length. It was originally intended that I ml. of water be exactly equivalent to 
1 cc. of water and each have a mass of I g. when the water was at its maximum 
density (3.98°C.), Extensive investigation by the International Bureau of Weights 
and Measures® revealed that 1 ml. is equal to 1.000028 cc. Actually this small dif- 
ference has no significance in ordinary volumetric analysis, but to be correct the 
unit milliliter should be used instead of the unit cubic centimeter. 

Labeling of Glassu'nre.~Z\exy item of volumetric apparatus should bear the 
following information inscribed in permanent legible characters, either by etch- 
ing. or by fused markings provided the latter are neat and clear. 

1. The capacity of the apparatus. 

2. The temperature at which it is calibrated. 

3. Method of use; that is, to contain or deliver. 

4. The name or trade-mark of die maker. 

5. A permanent identification number. If there are detachable parts, such as 
stoppers, stopcocks, etc., they must be marked with the same number unless 
they are interchangeable standard taper. If there are interchangeable ground- 
glass parts, both parts must be marked with the proper standard taper symbol. 

. The time required to deliver the stated volume, with unrestricted outflow, if 
the apparatus is designed to deliver a definite volume through an orifice. 
Type of glass; that is, soft glass or a borosilicate glass. 

^ B,,reau International des Poids et Mesures et son 
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Readme of Meniscus.-Thc use of all volumetric ware requires the setting or 
reading of a meniscus, and to do this accurately is more difficult than most ana- 
lysts realize. The reading or setting is made on the lowest point of the meniscus, 
except for those liquids that are so strongly colored that they are opaque. One 
source of error is the determination of the exact bottom of the meniscus. 1 his 
task is made difficult by reflections from the glass surface and the curved surface 
of the meniscus itself. A second source of error is parallax. These two errors 
can be minimized by the use of a reading aid. The simplest, and perhaps the 
best, reading device is a partial ring cut from a rubber stopper. The top part 
of a No. 3 or 5 rubber stopper is cut so that it is about 0.5 cm. thick. A hole, 
having a diameter slightly less than the diameter of a buret, is cut through this 
rubber disk, and a small segment is cut from this rubber ring. The reading device 
is placed one graduation below the meniscus and a white card is held behind the 
buret at the same point. The white card cuts out all reflections and the black 
rubber ring shades the bottom of the meniscus, thus making it appear as a curved 
line. The proper setting of the liquid level in a buret is to have the bottom of 
the graduation line on the front of the buret, the bottom of the meniscus as de- 
fined with the reading device described, and the top of the graduation line on the 
back of the buret all in one plane. Similar reading aids can be made to fit the 
stems of pipets and the necks of flasks. A third source of error, only present in 
apparatus designed to deliver, is drainage. The error due to drainage is fairly 
independent of temperature over the normal range of temperature encountered 
in volumetric analysis. The amount of liquid remaining on the wall of a con- 
tainer is directly proportional to the area of the wall. Therefore, the smaller 
the diameter the larger is the ratio between the amount remaining and the quan- 
tity delivered. The drainage and the amount adhering to the wall are inversely 
proportional to the time allowed for delivery. This error can he minimized by 
using the same buret and regulating the time required to titrate an unknown to 
within narrow limits to the time required to titrate the standard solution. 

Quality of Glasszvarc K — AH volumetric apparatus must he of high quality: that 
is, it should be well constructed and free from striae and surface irregularities. 
The cross section where the setting is made or the meniscus is read must be circu- 
lar. The shape of the apparatus must permit thorough cleaning and complete 
emptying and drainage. The transition from larger to smaller diameters must he 
gradual and regular and contain no sharp ledge or shoulder to entrap either 
liquids or gases. All ground glass stopcocks or stoppers, and plastic stopcocks or 
stoppers, must be fitted so as to work easily and prevent leakage. 

Volumetric apparatus of excellent quality can be purchased. If desired, ap- 
paratus certified by the National Bureau of Standards can be purchased through 
most laboratory supply companies, or one can send their apparatus directly to the 
National Bureau of Standards Tor certification.' 5 However, it is desirable that the 
analytical chemist test the correctness of his volumetric apparatus and thus become 
familiar with its limitations. 

Criterion of Cleanliness of Glassware .— The apparatus must be clean, and for 
general analysis the surface may be considered clean if, after rinsing several times 
(minimum of 5) with distilled water, the water will drain oil freely and uniformly 
without leaving any dry streaks or drops of water on the walls. In the special 

G 0 * S mJ eSling ° f Glass Volu,nct,ic Apparatus, National Bureau of Standards Circular 
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case where "trace” amounts of elements are involved, some other special criteria 

for a clean surface may be required. _ . 

Calibration .— Burets and measuring pipets should be checked at a minimum of 
file points. For a 50-ml. buret the intervals 0-10 ml., 0-20 ml., 0-30 ml., 0-10 
ml., and 0-50 ml. should be checked. To do this, fill the buret to just above the 
zero line with distilled water at room temperature and determine the temperature, 
T, of the water. Set the meniscus at exactly zero, as previously described, and 
wipe off the excess water from the tip with a clean piece of filter paper. Place a 
tared stoppered flask under the buret and deliver the interval to be tested into 
the tared stoppered flask and reweigh die flask. The true volume of the interval 
is calculated from the apparent weight of the water at temperature T by means 
of Table 1-2 or Table 1-3, depending on the type of glass from which the buret 
or pipet is made. Tables 1-2 and 1-3 correspond to Tables 16 and 17 published in 

Table 1-2. Corrections for Determining the True Capacities of Glass Vessels 
from the Weight of Water in Air 
(Soft glass, coefficient of cubical expansion 0.000025/°C.) 

Indicated capacity 100 ml. 

Tenths of degrees 

Tempera- 

ture, °C. 

01234567 89 
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Table 1-3. Corrections for Determining the True Capacities of Glass Vessels 

from the Weight of Water in Air 

(Borosilicatc glass, coefficient of cubical expansion 0.000010/°C.) 

Indicated capacity 100 ml. 


Tenths of degrees 


i empei a- 
ture, °C. 

0 

1 

2 

! 

*> 

4 

5 

6 

7 

8 

9 

15 

0.200 

0.201 

0.202 

0.204 

0.205 

0.207 

0.208 

0.210 

0.211 

0.212 

16 

.214 

.215 

.217 

.218 

.220 

.222 

.223 

.225 

.226 

.228 

17 

.229 

.231 

.232 

.234 

.236 

.237 

.239 

.241 

.242 

.244 

18 

.246 

.247 

.249 

.251 

.253 

.254 

.256 

.258 

.260 

.261 

19 

.263 

.265 

.267 

.269 

.271 

.272 

.274 

.276 

.278 

.280 

20 

.282 

.284 

.286 

.288 

.290 

.292 

.294 

.296 

.298 

.300 

21 

.302 

.304 

.306 

.308 

.310 

.312 

.314 

.316 

.318 

.320 

22 

.322 

.324 

.327 

! .329 

.331 

.333 

.335 

.338 

.340 

.342 

23 

.344 

.346 

.349 

.351 

.353 

.355 

.358 

.360 

.362 

.365 

24 

.367 

.369 

.372 

.374 

.376 

.379 

.381 

j .383 

.386 

.388 

25 

.391 

.393 

.396 

.398 

.400 

.403 

.405 

.408 

.410 

.413 

26 

.415 

.418 

.420 

.423 

.426 

.428 

.431 

.433 

.436 

.438 

27 

.441 

.444 

.446 

.449 

.452 

.454 

.457 

.460 

.462 

.465 

28 

.468 

.470 

.473 

.476 

.479 

.481 

.484 

.487 

.490 

.492 

29 

.495 

.498 

.501 

.504 

.506 

.509 

.512 

.515 

.518 

.521 

30 

.524 

.526 

.529 

.532 

.535 

.538 

.541 

.544 

.547 

.550 

31 

.553 

.556 

.559 

.562 

.565 

.568 

.571 

.574 

.577 

.580 

32 

.583 

.586 

.589 

.592 

.595 1 

.598 

.602 

.605 

.608 

.611 

1 


the NBS Circular 602. For the 40.00-ml. interval, determined at 2G.4 c ’C., the cal- 
culation would be: 


Apparent weight of water 39.839 g. 

From Table 1-2, 0.4 X 0.416 0.166 


True volume at 20°C. 40.004 ml. 


All observations must be made in duplicates and the duplicates should agree to 
mi un } , o the limit of error for that particular size of apparatus, as recom- 
men e y tie National Bureau of Standards. Duplicate observations on a 50-ml. 
buret should agree to within 0.007 ml.; on a 10-ml. buret to within 0.003 ml. The 
limits of error permitted are shown in Tables 1-4 and 1-5. 
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Table 1-4 


Capacity Tolerances for Burets and Measuring Pipets 


Capacity (in milliliters) 

Limit of error of total 
or partial capacity 

portion less than and 
including — 

Burets 

Measuring 

pipets 


ml. 

ml. 

2 


0.01 

5 

0.01 

.02 

10 

.02 

.03 

30 

.03 

.05 

50 

.05 

.08 

100 

.10 

.15 


The calibration of transfer pipets is also checked by determining the apparent 
weight of water delivered and making the appropriate correction. The limit of 
errors for transfer pipets is shown in Table 1-5. The pipet is filled to just above 
the mark, the upper end is closed, normally with the index finger which should 
be slightly moistened; and the outside of the tip is wiped dry with a piece of 
clean filter paper. The meniscus of the liquid is adjusted to the mark by careful 
admittance of air. The pipet tip is then rested against the inside wall of a re- 
ceiving vessel and the contents delivered, with free outflow. A more precise 
method of using a transfer pipet is to attach a short piece, about 10 to 15 cm., of 
clean rubber tubing to the upper end of the pipet and then close this tubing 
with a screw damp or a pinch cock. The inside diameter of the rubber tubing 


Table 1-5 Capacity Tolerances for Transfer Pipets 


Capacity (in milliliters) 
less than and including — 

Limit of 

error 


ml. 

2 

0.006 

5 

.01 

10 

.02 

30 

.03 

50 

.05 

100 

.08 

200 

.10 



STANDARD LABORATORY APPARATUS 13 

should be slightly less than the outside diameter of the upper stem of the pipet 
and the clamp placed about 1 or 2 cm. from the top end of the pipet. 1 he pipet 
is filled to just above the mark, as usual, and the damp dosed. The pipet is then 
placed in a buret clamp and thus held rigid. I he tip is wiped dry and the 
meniscus adjusted to the mark by gently and carefully pushing the rubber tube 
further on to the pipet stem. Any excess liquid is removed from the tip with a 
piece of clean filter paper. The receiving vessel is then placed under the pipet, 
with the tip of the pipet touching the inside wall. Then the damp is loosened 
and the liquid allowed to deliver under free How. The latter method eliminates 
any chance of accidentally losing a drop of liquid fiom the end of the pipet while 
it is being transported to the receiving vessel. 

To check the capacity of flasks that are calibrated to contain a definite volume, 
dean, dry, and tare the flask. Fill the flask to the mark with distilled water. 
Determine the temperature and apparent weight of the water and calculate the 
volume by applying the appropriate correction from either Table 1-2 or Table 1-3. 

Weight Burets .— Many special devices have been recommended from time to 
time that are supposed to eliminate the errors of drainage, parallax, changes in 
volume due to changes in temperature, etc. However, if a higher accuracy is de- 
sired than is obtainable when normal volumetric apparatus is used in its normal 
fashion, one should use weight burets. Weight burets arc especially recommended 
since one has so many good rapid-weighing balances available. In titrations in- 
volving 50 nil., weighing to an accuracy of 1 mg. (I part in 50,000) is quick and 
simple, whereas the determination of 50 ml. with a buret to 0.01 ml. (1 part in 
5,000) is most difficult. 

Advantages of Weight Burets.— 

1. Standard solutions are made up on a weight basis (grams of standard sub- 
stance per gram of solution) and all results are independent of temperature. 

2. Frequent cleaning of the buret is not necessary because a drop of solution 
clinging to the inside wall of the weight buret does not affect the results. 

3. Errors due to drainage are completely eliminated; in fact, with the modern 
quick weighing balances the weight buret can be weighed in the time normally 
allowed for an ordinary buret or pipet to drain. 


MISCELLANEOUS APPARATUS 

There are several types of apparatus that should not, in a strict definition of 
standatd, be called standard apparatus. The use of this apparatus is so impor- 
tant, however, that an analyst must know the composition and limitations of such 
apparatus before he can obtain reliable results when it is used. The analyst of 
the present day can select apparatus made from various materials, such as boro- 
silicate glass, alkali-resistant glass, low actinic glass, platinum, gold, silver, nickel, 
stainless steel, iron, and many types of plastics. 

The quality of apparatus has improved very much in recent years, but the 
discriminating analyst must still exercise caution in the selection' of apparatus 
for particular analyses. Extreme care must be used in selecting apparatus, if one 
is determining trace quantities (10 /xg. or less)” of an element 


LABORATORY GLASSWARE 

T y pes of Glasswarc.-.Wl glassware that is used should be of the so-cailed resist- 
lanety, and even this glassware is attacked by the solutions. The amount of at- 
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tack depends on the time, the temperature, the salt concentration, and whether 
the solutions are acid or alkaline. The chemical composition of four brands of 
chemical glassware available is given in Table 1-6. The chemical resistance of 


Table 1-6. Composition of the Samples 


Constituent 

Glasbake, 
Per Cent 

Kimble, 
Per Cent 

Pyrex 

Per Cent 

Vycor, d 

Per Cent 

SiO» 

78.4 

74.7 

81.0 

96.3 


14.0 

9.6 

13.0 

2.9 

r 2 o 3 * 

2.5 

5.6 

2.2 

0.4 

ZnO 

n. d. e 

0.1 

n. d. 

n. d. 

CaO 

0.1 

.9 

ncg. k 

neg. 

BaO 

n. d. 

2.2 

n. d. 

n. d. 

MgO 

neg. 

neg. 

n. d. 

n. d. 

Na*0 

5.0 

6.4 

3.6 

<0.02 

k 2 o 

1 neg. 

0.5 

0.2 

< .02 

AS2O3 

0.037 

.027 

.002 

.005 

SbiOj 

.038 

.009 

n. d. 

n. d. 


» Chiefly A1 iO». 

b “neg.” indicates a negligible amount of the constituent. 

* “ n - d.” indicates the corresponding constituent was not detected. 
d 0.3 per cent of undetermined constituents. 


each is given in Fig. 1-1, 1-2, and 1-3, which show graphically cite average loss in 
weight in milligrams sustained when 200 ml. of the selected solution were placed 
in 250-ml. Erlenmeyor flasks and boiled continuously for 6 hours on an electric 
hot plate. 

for more detailed information, see Chemical Resistance of Laboratory Glass 
Varc, by Wichers, Finn, and Clabaugh.* Data is not available for the several 
types of laboratory glassware that have appeared on the market since 1941, but this 
latter ware should be used with caution. 


FILTERING CRUCIBLES 

Filtering crucibles of various sizes and shapes are available. The crucibles are 
abricated of glass, quartz, porcelain, stainless steel, and platinum. The filtering 
.° c ‘! c , ,s composed of the same material as the body of the crucible 
ami is fabricated m place as an integral part of the crucible. 
sinfMwl*Vt 0SI * ter *”S Crucibles.— The filtering diaphragm in the bottom of 
f i i . cru . CI es ,s made of glass particles that have been ground or pow- 
S,crl S™ "r dUtt P artid “ <>' «**«* uniform size, and .hen sintered 
, ” B f ‘ 0t .' hc dcsired P or » sit y- They ran be used to 
solutions contnininn vf -° r a ? dir \ a,,tI even concentrated a cfds. Naturally, 

g ydrofluoric acid will attack these sintered-glass crucibles, so 

En&cfe n M !: , '^"i.. A . 3 , N i,^i9U aba, ' S, '• S ~ } ■ Resaich SBS - 2e - «»•' Ind. 
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Fio. 1-1. Comparative Resistance to Acid Reagents and Water. 

Average loss in weight, in milligrams, per flask per 6-hour period of exposure. 

The numbers of the following explanatory notes correspond to the numbers attached 
to each group of data in Fig. 1-1. 

(1) Distilled water. 

(2) Approximately normal sulfuric acid. 

(3) Approximately normal phosphoric acid (one-third molar). 

(4) Approximately 6 N ("constant-boiling") hydrochloric acid. About midway of the 
6-hour period of boiling, the flasks were replenished with acid of the same strength in- 
stead of with water. 


(5) A solution containing 50 ml. of concentrated hydrochloric acid, 50 g. of sodium 
chloride, and 50 g. of ammonium chloride, in 1 liter. 

(6) Sulfuric acid, 95 per cent. Firty ml. was used instead of the usual 200 ml., and the 
flasks were heated on a gas hot plate. Since the area of glass exposed to the boiling acid 
was not the same as with most of the other reagents, the results are not directly” com- 
paiable with those obtained with the others. No replenishment of acid was necessary 

(7) Perchloric acid. Fifty ml. of 60% acid was used for the first period of 6 hours. The 

electric hot plate used did not supply enough heat to keep the acid boiling, but much 
of the acid evaporated. For the second period, 100 ml. of acid was used. The flasks 
were heated on a gas hot plate to keep the acid boiling gently. No acid was added during 
either of the 6-hour periods. ' b 
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Fic. 1-2. Comparative Resistance to Alkaline Reagents. 

Average loss in weight, in milligrams, per flask per 6-hour period of exposure.^ 

For 05 N potassium lqdloxirie in alcohol the loss in weight shown is six times the 
average hour]) loss reported in Table 1 5. 

The numbers of the following explanatoi) notes correspond to the numbers attached to 
each group of data in Tig. 1-2. 

{8) Twentieth-normal sodium h>dioxide. 

(9) Half -normal sodium hydroxide. 

(10) Half-normal potassium h)droxide. 

(Ill Half-normal sodium carbonate. 

(12) Half-normal potassium h>droxide in 95% alcohol. When this solution was used, 
the flasks were connected with water cooled reflux condensers, b) means of rubber stop- 
pers. The first period was 1 hour and the second 2 hours, instead of the usual two 6- 
liour periods. The object of this departure from the usual procedure was to simulate 
actual conditions under which alcoholic potash solutions are frequently used. 


they should not be used for filtering such solutions. Likewise, alkaline solutions 
attack sintered-glass ciucibles. Such a ducible may lose several tenths of a milli- 
gram in weight when 100 ml. of a solution having a pH of 8 is poured through it. 
If the pH of the solution is 10 to 12, the loss in weight may be as much as several 
milligrams. The porosity of the filter may change during use, due to the accumu- 
lation of silicic acid that is present in all solutions handled in glassware. This 
silicic acid clogs the pores, causing the filter to become more retentive and slower 
filtering. Since alkaline solutions tend to dissolve the glass, their continued use 
will increase the size of the pores and make the filter less retentive and faster filter- 
ing. Therefore, simered-glass filtering crucibles that are in constant use should 
be checked to determine their suitability for retaining desired precipitates. 

Sintered-quartz filtering crucibles are similar to sintered-glass filtering crucibles 
but are made entirely of clear quartz. Their main advantage is that they can be 
ignited at temperatures up to 1I00°C. to 1200'C. 

Porous porcelain filtering crucibles are similar to sintered-glass filtering crucibles 
jut are made entirely of porcelain. They are more resistant to attack by alkaline 
solutions and may be ignited to 1000°C.-I200 o C. 
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Fig. 1-3. Comparative Resistance to Nearly Neutral Reagents. 
Average loss in weight, in milligrams, per flask per 6-hour period of exposure. 
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phate. The effect of nearly neutral salt solutions was studied in some detail alter it was 
observed that an unbuffered 5% solution of sodium chloride caused a pronounced attack 
of all the glasses (although in varying degrees). The indicated pH is that of the solution 
at the beginning of the test period, at room temperature. The approximately neutral 
solutions used were as follows. The numbers of the paragraphs correspond to the num- 
bers attached to the several groups of data in Fig. 1-3. 

(13) Sodium chloride, 5%, not buffered. The solution was slightlv acid at the begin- 
ning of the test period, but the contents of the flasks were slightly alkaline at the end 
ol the period, especially in the group which showed the greatest attack. 

(14) Sodium chloride, 5%. in 0.001 A' hydrochloric acid.' All the flasks were so slightly 
attacked by this reagent that they were used again with the next one. This is the only 
instance in which any flasks were used for tests with more than one rca <r em 

(15) Sodium chloride, 5%, buffered at pH 6.2. This solution contained, in addition to 

chloride, 10.85 g. of Na 2 HP0 4 - 12H 2 0 and 4.55 g. of KH.,P0 4 , in 1 liter. 

(16) Sodium chloride, 5%, buffered at pH 7.0. In addition to the sodium chloride 
the sduuon contained 19 0 g. of Na 2 HP0 4 - 12H 2 0 and 1.15 g. of KHoPO.,, in 1 liter. 

j'r.r'" saU Mn " Mmi ™ s «« 

oAlHvo:\m$X; M”;« ,Ulrem ' *• pH * A - T, » •>”«*■■ *>'< — ™u,„ was •> *. 

( Caption continued on next page) 
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1250*C Furnaces with the type of contiols that regulate the rate of heating, as 
well as the maximum temperature, can be loaded with a number of crucibles 
containing filter paper and precipitates. Thus, the drying, charring, and final 
ignition of the precipitates can be done automatically so that the analyst can be 
released for other duties. 

Miscellaneous.— Spa ce in this text does not permit a detailed discussion of all 
the valuable electrical apparatus that is commercially available to aid the analyst 
in his work, A number of other important types arc: the electrometric pH 
meter, filter photometers, spectrophotometers, potentiometric titration apparatus, 
fluorescent photometers, flame photometers, spectrographs, and various types of 
x-ray and radioactivity equipment. 

IMPORTANCE OF APPARATUS 

Dr. G. E. F. Lundell, one of the most outstanding analytical chemists of this 
century, stated in 1933 in Analysis of Things as They Are? “The mechanical de- 
tails of quantitative analysis have been quite satisfactorily worked out; the chem- 
ical details have not. In other words, balances, weights, volumetric apparatus, 
reagents, glass, quartz, porcelain and platinum ware, filtering media, burners, 
ovens, and even procedures for the determination of elements when occurring by 
themselves need very little improvement for ordinary purposes. On the other 
hand, methods for the quantitative separation of the elements from one another 
are far from perfect. Far more poor determinations arc caused by the use of„ 
faulty or unsatisfactory methods of analysis than by errors in weighing, measuring, 
or other manipulations. This is not intended to discourage proper attention to 
such considerations, but to urge that a little less attention be paid to the method 
of weighing and a little more to the thing that is weighed.” 

This statement was made more than a quarter of a century ago and it is still 
true. However, many of the fine points of the "so-called” mechanical details of 
quantitative analysis have been neglected and forgotten. Much of the disagree- 
ment in analytical results obtained by different laboratories can lie eliminated if 
the proper attention is given to these fine details. This is especially true in the 
selection and proper use of standardized weighing and measuring apparatus. 

s Lundell, G. E. F., 1ml. Eng. Chem , Anal. Ed., 15, 221, 1933. 
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PURPOSES OP SAMPLING 

Judging Acceptability .— Most often, a sample is taken because one wishes to know 
if the material it represents meets purchase or sales specifications. For this pur- 
pose, the sample must accurately represent the whole quantity under consideration. 
Frequently, more than one sample is needed and analyses must be performed on 
each of the samples diat are taken. Sometimes it is possible to combine two or 
more samples for analysis, but it is always necessary in such cases that the samples 
be combined in the proper proportions and in a way that is consistent with the 
known or expected properties of the material. 

Delecting Contamination .— Another facet of acceptance sampling is to assure 
the absence of contamination or dirt from the material being sampled. For this 
important (but restricted) purpose, it is usually preferable to sample in a way that 
gives maximum assurance of finding the contamination if any be present. Sam- 
ples of this kind, therefore, do not accurately represent the entire quantity. For 
, example, when foreign matter is suspected, one samples as near to the bottom of 
the container as possible. Similarly, when an easily oxidized product is thought 
to have been exposed to air, one samples at the surface. In both cases, the prob- 
ability of detecting contamination is deliberately increased at the expense of ob- 
taining truly representative samples. It is good practice to take representative 
samples first and then to take samples as needed to assure absence of contamination. 

Identifying Materials.— A third purpose of sampling is to identify an unknown 
material. The expense of obtaining an accurate sample may not be warranted, 
and usually the question of possible contamination docs not immediately arise. 
Very rarely, the choice among two or several possibilities is so close that only a 
carefully taken sample can adequately serve to establish identity. 
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PROBABILITY SAMPLING 
OF MATERIALS 

By Louis Tanner 
Chief Chemist 
U. $. Customs Laboratory 
Boston, Mass. 

INTRODUCTION 

A sample submitted to the laboratory for quantitative assay is assumed to be 
representative o£ the lot of material ot product from which it was drawn. By 
''representative" we mean that the magnitude of the particular property being 
evaluated is the same in the sample as in the lot. For uniform materials such as 
a clear solution, any one portion is obviously a representative sample. Since, for 
nonuniform materials no one portion or unit is likely to be representative, it is 
the usual practice to select a number of portions to constitute the sample, in the 
expectation that the average value of the property in the sample will be essen- 
tially the same as the average that would be found for the entire lot under the 
same conditions. How well this expectation is realized depends on the number 
of portions in the sample and how these portions are selected. Rule of thumb, 
judgment, and intuition are often relied upon for these purposes, but samples 
so drawn do not furnish an objective criterion for judging the result. A prob- 
ability sample, on the other hand, does furnish criteria for estimating the sample 
size required and for judging tire precision achieved. 

A probability sampling plan is one that makes use of the theory of probability 
to combine a suitable procedure for selecting sample portions or items with an 
appropriate procedure for summarizing the test results, so that a valid objective 
evaluation may be made of the probable limits of sample error. Essential fea- 
tures of probability sampling of materials for determination of an average prop- 
erty are described in this section. 

THE CONCEPTS OF UNIVERSE AND SAMPLE UNITS 
A lot of material or product is, or may be conceived as being, composed of N 
distinct portions or units, each possessing the given property but not necessarily 
to the same extent or magnitude. The units may be individual hems such as 
electronic tubes or cakes of soap; packages of material such as bales of cotton or 
drums of oil; small quantities taken from a bulk commodity by means of a trier, 
thief, drill, scoop, shovel, or other sampling device. The numerical values of 
the property for all the units constitute a statistical universe having some form of 
distribution with a mean value and a variance. Any group of n units could be 
considered a sample of this universe. However, only if the n units have been 
independently selected at random is the resulting sample a probability sample. 
For such a sample certain statistics may be calculated from the test results, from 
which valid inferences may be drawn and objective answers given to a variety of 
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important questions. For example: What is the likelihood that a second prob- 
ability sample of n units drawn from this lot will have an average value (or range 
of values, or percentage of defectives) which differs from that of the first sample 
by more than a specified amount? 

Of major importance in a sampling plan is the determination of the number 
of units to be drawn such that sample averages will have a prescribed level of 
precision. Equations for calculating the required sample size are available when 
certain prior information exists. 

INFORMATION REQUIRED 

For the calculation of minimum sample size, certain information is needed. 

1. There must be an advance estimate of the standard deviation of the units in 
the universe sampled. This estimate may be derived in several ways: 

(a) The process that produced the lot may be in statistical control, with known 
standard deviation. 

(b) Estimates of standard deviation from samples of previous lots of like ma- 
terial sampled under essentially the same conditions may be available. 

(c) From general knowledge as to the approximate range of the property, from 
its lowest to its highest value in the sample units, and as to the shape of the dis- 
tribution, a sufficiently good advance estimate may usually be made. Thus, if the 
values run rather uniformly throughout the range, R, the standard deviation is 
about 0.3 R; if most of the values lies at one end of the range, it is about 0.25 
R; and if the values are mostly in the middle of the range, the standard deviation 
is approximated by 0.2 R. 

(d) If the sample is for the estimation of fraction defective, the standard devia- 
tion is Vp'( 1 — />'), where p' is the fraction defective in the lot. 

2. The level of precision desired must be specified. That is, it must be decided 
(a) what difference can be tolerated between the estimate to be made from the 
sample and the result that would be obtained by testing ever)- unit in the uni- 
verse, and (b) what risk is acceptable that by chance the tolerance will be ex- 
ceeded. In arriving at decisions on tolerance and risk, it must be borne in mind 
that the smaller the tolerance or the risk, the larger will be the sample size 
required. 


EQUATIONS FOR CALCULATING SAMPLE SIZE 

Single-Stage SatnpUng .- The universe consists of N units, n of which will be 
drawn as the sample. 


n = 



( 2 - 1 ) 


where n = the number of units to be selected at random, 

<j' = the advance estimate of the standard deviation, 

^ diffeience that can be tolerated between the sample estimate and the 
universe value, and 

t = a factor corresponding to the acceptable risk of exceeding E. 

Table 2-1 lists the value of t for several commonly accepted risks, 
n Eq. 2-1, it is assumed that N is large compared to n: When this is not the 



21 


SAMPLING 


Table 2-1 

Probability That E 
l Will Be Exceeded 

3 3 in 1000 

2.58 1 in 100 

2 45 in 1000 

1 64 1 in 10 


case, the required sample size will be smaller than that indicated by Eq. 2-1. This 
smaller size, n L , is given by Eq. 2-2. 


Nn 

= .. . 

N -f- n 


(2-2) 


Two-Stage Sampling.-Some lots of material are, or may be conceived as being, 
composed of two kinds of sample units, primary and secondary. Typical exam- 
ples arc: a shipment of yarn consisting of cases (primary units), each contain- 
ing A r a packages (secondary units); a lot of N t bags (primary units) of fertilizer 
from cadi of which N 2 trierfuls (secondary units) may be drawn. Other examples 
of primary units are the sublots of product or material produced at different times, 
or under different conditions; the individual carloads in a train; the quantities 
discharged from a bulk-weighing hopper, or from a conveyer belt in successive 
equal time periods. Both primary and secondary units constitute statistical uni- 
verses. The number of secondary units required lor a specified precision may be 
significantly less 1 in two-stage sampling than in single-stage sampling. A common 
type of two-stage sampling plan is the designation of the number, n, of primary 
units to be randomly selected from the lot and the number, k, of secondary units 
to be randomly drawn from each of the n selected primary units. The number, n, 
may be calculated from Eq. 2-3 when, as is usually the case, N x is not very large 
compared to n and k is small compared to N 2 . 


XWJ 2 -f W 2 ) 


(2-3) 


where n = the number of primary units to be selected at random, 

N — the number of primary units in the universe, 

X = the optional number of secondary units to be drawn at random from each of 
the n selected primary units, 

a to = the advance estimate of the average standard deviation of the secondary units 
within the primary units, 

ai, — the advance estimate of the standard deviation of the primary units, and 
E and t are as previously defined. 

From Eq. 2-3 it is evident that more than one value ot n is possible for a speci- 
fied precision, depending on the particular value oi k preferred. Under a given 

ondar’i 'Imhcrra'arc ^1131“™" * h “ lh ' s,antlard deviations of the primary and sec- 
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set of conditions, one value of k is most economical, 
culated from Eq. 2-4. 


This value, k c , may be cal- 


fc e = 



(2-4) 


where Cx = average cost of selecting and handling a primary' unit, 

Co = average cost of taking and handling a secondary unit (including cost per 

test when the sample is not composited). 


ESTIMATION OF SAMPLE PRECISION FROM THE TEST 

RESULTS 

Equations 2-1 and 2-3 are predictions of sample size required for a specified 
level of precision. They are based on advance estimates of the standard devia- 
tions. After a probability sample has been drawn, the actual sampling piecision 
achieved may be judged, provided that each unit is tested individually. Equa- 
tions 2-1 and 2-2 may be combined and rearranged as follows: 

£ = <2 - 5) 

Equation 2-3, when rearranged, is 

< 2 -‘> 


In Eq. 2-5 and 2-6, the standard deviations are those calculated from the test 
data (corrected, if necessary, for the precision of the tests), so that the new value 
of E is independent of any error in the advance estimate. 

RANDOM SELECTION 

Calculation of the precision of a sample is possible only if the selection of the 
sample units from a universe is made "at random." This term does not mean 
haphazardly; on the contrary, random selection is a definite, rigorous procedure 
which insures that each item or unit in the particular universe being sampled has 
an equal chance of being selected. The universally accepted process for random 
selection is the assignment of a unique number to each unit and the use of a 
table of random numbers to designate the specific units to be selected. Mechan- 
ical devices for generating random numbers, such as roulette wheels, cards, or 
dice, are acceptable provided they have been tested to assure the absence of bias. 
Numbering of units may be actual, as in serially numbered bales or other pack- 
ages, or by rule. For packages stored in a warehouse, the rule might be based 

on serial numbering of rows, columns, and tiers. Similarly, within a package the 
rule might be based on the assignment of numbers to, say, front, middle, and 
back, top, middle, and bottom; and left and right. For random sampling at or 
through a surface, a set of templates with randomly located openings is often 

suitable. The particular process used in a given situation must be practicable 

and economical, but randomness in selection cannot be waived if known and 
controlled precision is to be achieved. 
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DIFFICULTIES ENCOUNTERED IN PROBABILITY SAMPLING 
OF MATERIALS 

Probability sampling is at times rather difficult or expensive. Some of the dif- 
Acuities encountered, and how they may often be reduced or overcome are: 

I Lack of Prior Information .- There may be little information on the nature 
of the distribution of the desired property in the lot of material, or on the mag- 
nitude of the standard deviations. This is particularly true of raw materials and 
bulk commodities. The examination of previous data may often supply approxi- 
mate but adequate estimates. Special statistical studies may be required. More 
and more, the results of such studies on a wide variety of products are being pub- 
lished and may be found to be applicable to the case at hand. 

2. Physical Difficvlties.-Bccause of the physical nature, condition, or location 
of the material at the time of intended sampling, the essential requirement of 
randomness in the selection of units may be impossible or economically not fea- 
sible. Units in the interior of a large pile of coal, for example, are not accessible 
and so do not hare an equal chance of being drawn into the sample. Under such 
circumstances, no probability sample is possible. One solution to such a difficulty 
is to sample the material before it is piled up, while it is in motion, perhaps on 
a conveyer belt where random selection is possible. Planning lor sampling at the 
proper time and place is too often overlooked. 

3. Excessive Cost .— To achieve the desired and necessary degree of sample pre- 
cision may require tire selection of so large a number of units that the direct and 
indirect costs are prohibitive. Since the number increases as the square of the 
standard deviation, great economy results from the reduction of the variability 
between units. Mixing and blending are extremely effective in reducing variabil- 
ity but are infrequently possible with large lots of material. Two-stage sampling, 
especially where the most economical value of k e has been calculated by Eq. 24, 
reduces sampling cost. For bulk matenals, the nature of the sampling device and 
the procedure followed often hare a great bearing on the variability of the units 
produced; for example, tubefuls taken perpendicular to the layers in a stratified 
liquid or powder have a lower standard deviation than (a) similar portions taken 
throughout the lot but parallel to the layers, or (b) the portions taken at random 
spots by means of a probe. Incidentally, it should be noted that if, in the pre- 
ceding example, the layers are relatively uniform compared to the variability 
between layers, a reduction in tube diameter does not materially increase the 
standard deiiation of the sample units but does effect a great reduction in their 
\olumc and weight. Finally, certain forms of transportation of some classes of 
material sometimes effect a mixing, sometimes a segregation. In the latter case, 
ad\antage may be taken of this condition to eflect sample reduction by physically 
treating the lot as two sublots. 

PROBABILITY SAMPLING FOR PROPERTIES OTHER THAN 
AN AVERAGE 

The preceding discussion has been concerned primarily with sampling for the 
determination of an average property, such as percentage of a constituent or Btu 
per pound. Probability sampling for the determination of other characteristics, 
such as degree of variability, has not been specifically covered. The general prin- 
ciples and practices outlined above are, however, applicable, and the mathematical 
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theory of probability can provide, for such samples, valid estimates of the precision 

achieved and die size of sample (number of units) required. 
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SAMPLING OF SOLIDS 

By Walter W. Anderson 

Commercial Testing and Engineering Co. 
Chicago, 111. 


INTRODUCTION 

Within the larger confines of activities that necessitate sampling, such as in 
problems of exploration, research, quality control, or the purchase and sale of 
materials, a specific purpose of sampling exists for each particular situation. I' or 
example: 

1. One may wish to learn the a\ernge quality and the extremes of quality. 

2. One may desire only to determine the fraction of the items that meet or fail 
to meet a specified requirement without regard to their average quality. 

3. One may want to accumulate a series of test results to be used for a guide 
to rational action concerning a production process. 

No single plan of sampling can meet these various situations most efficiently 
and economically, because of the many sampling techniques atailable for consid- 
eration in planning a sampling program. Nevertheless, the governing elements 
of any sampling situation can be summarized as follows: 

1. The purpose of sampling. 

2. The physical form in which the material is available. 

3. The accuracy required in the sampling of the material. 

4. The variability of the material to be sampled. 

5. The minimum acceptable amount or weight of increment. 

G. The minimum acceptable number of increments. 

7. The minimum number of samples. 

8. Preparation of the sample for subsequent testing. 

These phases of the problem are inter related, but can be considered separately 
to assess their indiwdual significance. 

The first three items cover known facts or decisions which influence the de- 
termination of the correct answers to items 5, 6, and 7, and sometimes 8. Item 4 
must either be known or ascertained by appropriate means as discussed in the 
section on “Probability Sampling.” 

MINIMUM AMOUNT OR WEIGHT OF INCREMENT 

Sampling of solids that are uniform in size, such as standard size or king-size 
cigarettes of a particular brand, present no minimum weight problems in their 
selection for testing, but only the number which must be tested for the determina- 
tion of quality for a particular lot. 

In contrast, solids, such as unscreened crushed stone, have so many different- 
sized pieces that sampling by selection of individual pieces would be unwise if 
not impossible, since the sampler often has no way of knowing the relative pro- 
28 
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Dortions of the various size pieces in the lot. The practical way of sampling 
solids composed of mixed sizes is by the removal of increments or poitions from 
the lot by means of a shovel or scoop or by passing a collecting tub, trough, scoop, 
or bucket through a moving stream of the material. A mechanical arrangement 
for accomplishing this type of sampling is shown m kig. 2-1. 



I'ig. 2-1. Diagram of Arrangement for Sampling Dry Materials. Materials may be sam- 
pled falling from a chute as shown, or from a conveyor head pulley. (Courtesy of the 

Galighcr Company.) 

Accurate incremental sampling requires that the minimum weight of increment 
be sufficiently large so that all particles, regardless of size, have their fair chance 
of being included in the increment. In order to assure the attainment of this 
objective, the following two rules are used by experienced samplers for guides to 
minimum weight of increment: 

1. When sampling from a moving stream by passing a collecting container 
through the stream, the inlet opening of the collecting container must be at least 
three times the size of the largest piece in the lot to be sampled. 

2. When sampling aggregates at rest, as from a bin, the minimum weight of 
increment in kilograms must be 0.05 times the top particle size measured in milli- 
meters. 
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MINIMUM NUMBER OF INCREMENTS 

Once an adequate weight of increment lias been determined, the minimum 
number of increments to be analyzed separately can be learned by the use of 
Eci. 2-1, 2-2, 2-3, and 2-4 in the section on "Probability Sampling.” 

This procedure is rather simple to apply to discreet objects which are tested 
indh idually, as in the case of the determination of tensile strength of bolts or the 
compressive strength of concrete cylinders. 

On the other hand, many materials are tested by analyzing a physical composite 
sample composed of a number of increments collected from various parts of a 
shipment and combined for their average chemical analysis. Examples are found 
in the analysis of steel drillings combined from a number of holes drilled in a 
specimen or in the analysis of an iron ore sample made up of the accumulation 
of a number of increments collected from the hold ol a ship. 

Combining increments physically into composite samples is an economical way 
of reducing the work load in a laboratory because it is obviously less work to make 
a single analysis for the average quality of a composite sample than to analyze 
eadi increment separately and average their results arithmetically. Yet, it is well 
to remember that the accuracy of the final average is not the same in the two 
cases because the variance of analysis prevents the average analysis of the com- 
posite sample from being sis accurate as the arithmetic average of the analyses of 
lire individual increments. In the latter case, the variance of analysis is reduced 
in accordance with the number of increments analyzed by the laboratory. 

Many times the variance of analysis is relatively small in comparison with the 
total variance of the material; but large or small, the law of diminishing returns 
applies to the practice of combining increments into composite samples. The 
exact effect must be learned by trial with proper statistical interpretation. 

Reflection on this truth leads to the additional conclusions that; r 

1. The greater the variance of analysis, the less benefit can be secured by com- 
bining an increasing number of increments. 

2. The smaller the variance of the material sampled, the less benefit can be ob- 
tained by combining an increasing number of increments. 

Thus, in cases where it is desirable to reduce analytical costs by analyzing com- 
posite samples, the variance of analysis should be determined in order to calculate 
the most economical number of increments in any particular sampling situation. 
Actually, of course, veteran samplers often know these numbers from experience. 
Unexperienced persons must make some tests to estimate the variances of analysis 
that accompany various types of materials. 

MINIMUM NUMBER OF SAMPLES 

Many times the accuracy required in sampling is impossible to attain by the 
collection and analysis of a single sample because the variances of the material 
and/or the techniques of testing are so great that a single test on one discreet 
specimen, or a single test on a composite of many increments, will not provide a 
precision variance within the required variance. In such cases, additional samples 
must be tested. 

_ This phnse of sampling can be demonstrated in conjunction with the data in 
Table 2-2. Frequently, solid fuel contracts specify a change in price for every 
change in heat content of 25, 50, or 100 But. In terms of variance, these values 
are about 39, 156, and G25. 
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Table 2-2. Heat Content, Btu per Lb. 


Dijfer- 


Increment 

Test V 

Test i 2 

CtlCC 

1 

14000 

14020 

+20 

2 

14100 

14080 

-20 

3 

14160 

14140 

-20 

4 

14200 

14220 

+20 

Average 

14115 

14115 


Horizontal V ariancc = 

200 = 


Analysis Variance 




Vertical Variance = 7200 = 
Variance of Material 
Sampled. 


Total Variance = 7400 = ob- 
served Variance in each test run. 


In order to determine the most economical number of increments and number 
of samples to test, a chart should be constructed from the known data. Tiguic 2-2 
illustrates die problem, the results being plotted from Table 2-3 and the specified 
accuracy variances. 



Fig. 2-2. Relation of Specified Variance to Number of Increments and Samples (Heat 
Content of Fuel— Btu). (Courtesy ASTM.) * ' 
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Table 2*3. Distribution of Variance According to Number or 
Increments Composited 


Sr 


Su* , S A 2 

“"aT + T 


where Su 2 - 7200, and 5 a 2 = 200 


No. of 
Increments 

1 

2 

4 

10 

20 

40 

100 

200 

400 

1000 


7200 + 200 = 7400 
3600 + 200 = 3800 
1800 + 200 = 2000 
720 + 200 ■= 920 
360 + 200 = 560 
180 + 200 = 380 
72 + 200 = 272 
36 + 200 = 236 
18 + 200 = 218 
7 -f 200 = 207 


Figure 2-2 is plotted on log-log graph paper, and all similar plots require the 
proper choice of the number of cycles as well as the ordinate and abscissa scales. 
Especially important is the need to adapt a superimposed scale and a new set of 
log cycles at the point coinciding with the choice of number of increments in the 
composited sample. This essential feature of the chart is shown by the different 
scales of number of samples applied io 10 and 100 increment composites, respec- 
tively. Points between the ends of cycles, such as 20 or 30 increments, require an 
overlay of fresh graph paper so that the beginning of a cycle will agree with the 
ordinate of the number of increments selected. Finally, it should be noted that 
the variance lines for arithmetic averages of the analyses of composite samples are 
drawn with a negative 45° line from the intercept of the ordinate of the selected 
number of increments with the asymptotic curve of variance of composites com- 
posed of different number of increments. 

Figure 2-2 shows that a single gross sample composed of 17 increments will pro- 
vide an answer within the specified variance of 625— that is, within a precision of 
100 Btu. To get twice as precise an answer, or a result within 50 Btu or 156 vari- 
ance, requires the analysis of at least two gross samples composed of a minimum 
of 100 increments or the analysis of more than two gross samples composed of 
fewer than 100 increments. For a precision of 25 Btu, equivalent to a variance 
of 39, four times as many gross samples are required as for 50 Btu. 

Charts of this type are most useful to the solution of sampling problems wherein 
physical composites are the type of sample tested. 

PREPARATION OF SAMPLES 

Many samples obtained from various types of material require a certain amount 
of preparation before subsequent testing. In this connection, it must be empha- 
sized that preparation means the processing of samples in a manner that makes 
them more satisfactory lor testing without changing their essential characteristics. 
For example, samples of steel drillings may be contaminated with cutting oil which 
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Preparation Analysis Analysis d A j + (A j + A 2 ,) 

Test No. No. 1 No. 2 Dtff. Sum {Sum) Average 

Knowledge of the values of the several variances in the foregoing equations is 
important to complete an understanding of any specific problem of sample prep- 
aration. On die other hand, such knowledge is not always available or obtainable 
at the moment, nor is it necessary to the design of many preparation procedures 


Table 2-4. Analysis of Variance of Table 2-2 Data 



A'i 

Ao 





Test 

Test 

d 

A'i + At 

(.v, + x.y 

Increment 

No. 1 

No. 2 

Diff. 

Sum 

{Sum) 2 Average 

1 

14000 

14020 

+20 

28020 

785,120,400 

2 

14100 

14080 

—20 

28180 

794,112,400 

3 

14160 

14140 

-20 

28300 

800,890,000 

4 

14200 

14220 

+20 

28420 

807,696,400 

Total 

56460 

56460 


112920 

3,187,819,200/2 = 1,593,909,600 

Average 

14115 

14115 

Si 

:.vi + .v.)»/8 

= (112,920)78 - 1,593,865,800* 


~V 2 796.955,600 796,954,800 Difference = 43,800 f 

796,955,600 


2(SAT, 2 

+ SA^ 2 ) = 1,593,910,400 (Total Sum of Squares — Uncorrected) 

Correction Factor 

1,593,865,800 


44,600 (Total Sum of Squares — Corrected) 

* Correction factor 
t Material 


Components of Variance 


Source 

Sum of 
Squares 

Degrees of 
Freedom 

Mean 

Square 

Total 

44600 

7 

Material + Analysis 

43800 

3 

14600 

Difference (Analysis) 

800 

4 

200 

True Material Variance 

_ 14600 - 200 

7200 


Unit Increment Variance 

& 

= Analysis Variance + True Material Variance 


= 200 + 7200 




— 7400 


The equation is: 


«■* = -V + .SV 


( 4 ) 
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since experience has developed rule-of-thumb methods for guidance in preparing 

bulk materials for analysis. . 

Rules for Bulk Sample Preparation.- 1. When the gross sample is several times 

larger than the product of the minimum weight of increment times the minimum 
numbers of increments due to physical conditions causing the weight of incie- 
ments to be several times the required minimum weight, the gross sample may be 
resampled without previous crushing in order to reduce the weight of the gross 
sample, provided that: 


(a) The minimum number of increments in the resampled portion is at least as 
many as those required in die initial gross sample. 

(b) The minimum weight of the increment collected for the resampled portion 
is at least as much as the minimum weight required for the initial gross 
sample. 

/c) The size consist of the resampled portion is the same as that in the initial 
gross sample. 


2. The particle size of the pulp to be furnished to the laboratory must be speci- 
fied by the analyst. Chemical analyses usually require very fine size pulps such as 
60-mesh X 0 foe coal, 100 mesh X 0 for iron ore, or 200 mesh x <1 for silicate rocks. 
The rule to follow in cases of this kind is that the variance of reduction can be 
minimized by utilizing as few pieces of preparation equipment as possible, thereby 
limiting the number of operations. 

For instance, a sample of 2 in. X 0 could be crushed to % in. X 0, reduced in 
weight and recrushed to % in. X 0, again reduced in weight and recrushecl a sec- 
ond time to 20 mesh X 0, reduced in weight a third time and finally pulverized 
to an acceptable particle size for the chemist. 

If this four-stage method were supplanted by a two-stage method of crushing 
the 2 in. X 0 to % in. X 0 followed by weight reduction and final pulverization to 
the laboratory pulp, the variance of reduction would be improved. Ordinarily, 
an additional benefit results by minimizing the stages of preparation in that labor 
costs are reduced by curtailing the amount of material handling. 

3. In contrast, some characteristics of materials may dictate stage preparation. 
For example, loss of moisture from coal or iron ore samples will occur during 
handling operations. Therefore, it is essential that wet samples be dried and the 
moisture loss recorded prior to crushing if moisture is important to the evaluation 
of the material. 

4. At each stage of crushing, the retained weight of material after subdivision 
of the crushed product must be more than the weight required in a gross sample 
of the same top particle size. An example would be a required weight of <>ross 
sample of 25 lb. for a % in. top size of material which would mean that crushing 
of a 1 in. top size of a similar material to % in. X 0 would require at least 25 lb! 
in the retained portion of % in. X 0 after subdivision of the crushed product. 

5. The crushers, pulverizers, and sample dividers used in bulk sample prepara- 
tion should be designed to prevent loss of sample while in process and preclude 
bias due to particle segregation during subdivision. A corollary requirement is 
that all equipment should be constructed for easy access so that inspection and 
cleaning can be done with minimum dismantling of parts. 

Equipment .- Many types of mechanical equipment are suitable and available for 
preparation of samples of bulk solids. Primary crushing of soft to medium hard 
materials is done most often with hammer mills, whereas harder materials usually 
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require jaw or gyratory crushers. Secondary crushing frequently can be accom- 
plished with primary mills set to a smaller discharge opening. Roll nulls are 
good for brittle materials, but not for tough tabular particles. Pliable solids, such 
as agricultural products, paper products, or woody products, need slicing or chop- 
ping mills. Fine grinding and pulverizing of soft or brittle materials can be ef- 
fected by high speed hammer mills, but hard tough materials may require ball 
mills or even a mechanical mortar and pestle. All of these items are stocked by 
one or more of the large laboratory supply companies. 

Equipment for subdividing or reducing the weight of sample also is available 
from one or more sources of manufacture or sale. Riffle splitters for manual di- 
vision of bulk materials are probably used more than any other device for sample 
weight reduction because riffles are portable as well as cheap in comparison with 
the cost of mechanically powered dividers. Rime splitters are stocked by most 
laboratory supply companies. 

Mechanical sample dividers are machines which cause the sample to flow iu a 
ribbon pattern (usually in a vertical direction) past some point in die machine 
where the ribbon of material can be intercepted periodically by a sample cutter. 
Essentially, diere are three types of cutters which travel horizontally and at right 
angles to die streams of material being divided: 

1. Reciprocating 

2. Rotary 

3. Combination reciprocating and rotary 

Reciprocating cutters are mounted on, or suspended from, a horizontal shaft, 
and travel in a straight line back and forth dirough the stream. In contrast, ro- 
tary cutters are attached to a vertical shaft which revolves the cutter through die 
stream. Combination-type cutters are reciprocating flap gates which are hinged at 
one end and develop maximum travel at the other end. The diagrams in Fig. 2-3 
demonstrate the flow of material through various types of mechanical dividers. 

Any of these cutters will perform satisfactorily if correctly installed and prop- 
erly maintained, provided that die variability in the ribbon of material inter- 
cepted by the cutter is sequential from start to finish rather than segregational 
from side to side of the flow. If die stream has segregation from side to side, 
reciprocating cutters should be used because their straight line movement cuts 
equal percentages from all parts of the intercepted band of material. Rotary 
cutters and flap gates generate pie-shaped cuts which can cause bias in the retained 
sample if segregation is present in the sample stream at the time of interruption 
by the cutter. 

Unfortunately, the user seldom knows ahead of time that side to side segregation 
will not be present, nor can he be sure that periodic cyclical patterns of variability 
in the stream will not coincide with cutter movements. Hence, it is imperative 
that every installation for mechanical sample reduction to be checked for possible 
bias in operation. 

Equipment Check Tests .— Several practical rules, learned from experience, have 
been accepted by veteran samplers as quick guides to acceptable design of machine 
splitters: 

i. The minimum distance between cutting edges of the sample slot or cutter 
should be three times the maximum panicle sire of the material sampled. 
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9 . The cutter should travel at a uniform rate through the 
completely out of the stream at each sampling. 


whole stream 


and 




(b) Rotary Cutter (s) 




(c ) Rotating Hopper and Spout ^ 1 Rotating Cone (s ) 

Fig. 2-3. Mechanical Sample Dividers. Proposed by ASTM Committee D-5. 

(Courtesy ASTM.) 


3. The interval between cuts should be constant for any single sample re- 
duction. 

4. The depth of cutter should be large enough to prevent overflow. 

3. The speed of the cutter must be adjusted to the flow of the stream to pre- 
vent overflow at too low speeds and to preclude splashing at too high speeds. 
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6. The feed to the cutter must be uniform and at a steady rate. 

7. Spillage, drippage, or leakage of material into the cutter between sample 
periods must not occur. 

In addition to these physical requirements for satisfactory machine sample di- 
viders, the retained and reject portions from each machine should be tested regu- 
larly to determine that no significant difference in quality or size consist exists 
between them. 

The definition of “significant difference” is a matter of personal opinion, for 
the simple reason that any difference can be proved to he significant statistically 
if sufficient data are gathered. Therefore, the evaluation of tests on retained and 
reject splits can be judged from expencnce with similar materials, or allernameiy, 
a series of tests can be analyzed by statistical techniques known as ”t” and “F” 
tests, the details of which can be learned from many textbooks on elementary 
statistics. 
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SAMPLING OF LIQUIDS 

By W. V. Cropper 

Precision Scientific Development Co. 
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GENERAL REQUIREMENTS AND PRECAUTIONS 

It will be the purpose of this chapter to describe adequate procedures for ob- 
taining representative samples of homogeneous liquids under the most fiequently 
encountered conditions. Samples taken in accordance with these pioccduics will 
be reliable enough to permit judging acceptability in terms of specifications; they 
will be more than adequately representative for identification purposes. Pro- 
cedures that allow detection of the common contaminants (water and dirt) are also 
described. 

The universal requirements for taking good samples are cleanliness, preserva- 
tion of sample composition, positive identification of samples, and scrupulous care 
of sampling apparatus. Precautions that pertain to safety and the preservation of 
samples during handling, transportation, and storage must be observed at all times. 

If sampling tasks are assigned to untrained personnel, there is a lively danger 
that the samples will not be representative. As a consequence, the effort of anal- 
ysis and testing may be wasted and erroneous acceptance or rejection of material 
can result. The costs of wasted labor and material are usually sufficient to justify 
die necessary investment for properly training and equipping the sampling per- 
sonnel. An analysis can be no more reliable than the sample; precision in sam- 
pling must precede precision in testing. 

Cleaiilitiess denotes the rigorous exclusion of foreign material from apparatus 
and containers before and during sampling. It is good practice to inspect all 
sampling devices and apparatus immediately before use to confirm that they have 
not gotten dirty or contaminated. Sampling connections should be rinsed and 
wiped externally just before use, and should be flushed internally with enough 
of the material to be sampled to displace the contents of the connections. The 
sampling apparatus should be filled and allowed to drain before drawing the 
actual sample. Likewise, the sample container should be rinsed and drained be- 
fore it is filled widr the actual sample. 

Clean hands are important. Gloves should not be worn except when abso- 
lutely necessary, such as in cold weather, or when handling hot materials, or for 
reasons of safety. When gloves are necessary, clean gloves must be used. 

Preserving sample composition requires knowledge, judgment, and skill. Vola- 
tile samples must be protected against evaporation. If die material being sampled 
contains solid particles or droplets of an immiscible liquid, care must be taken 
that all such particles or droplets are transferred to the sample container. The 
sample must not be allowed to solidify (or melt) during the sampling operation. 
Dissolved or entrained gases should not be allowed < to escape, if they are present. 
Likewise, it is often important to avoid entraining air in the sample while trans- 
ferring it from the apparatus to the final container. 
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Identification of samples must be complete, clear, and permanent. Label the 
container immediately after a sample is obtained. Use waterproof and oil-proof 
ink or a pencil hard enough to dent the tag, since soft pencil and ordinary ink 
markings are subject to obliteration from moisture, smearing, and handling. In- 
clude the following information: 

Date and time (and for continuous and dipper samples the hour and minute of 
collection); 

Name of the sampler; 

Name or number and owner of the container; 

Brand and grade of material; and 

Reference symbol or identification number. 

Handling and transporting samples properly entails protection against break- 
age, evaporation, leakage, exposure to light, and entry of dust or moisture. To 
allow for expansion and contraction of the liquid, never fill a sample container 
more than 80% full. To protect against evaporation and leakage or the entry 
of moisture or dust, cover the stoppers of glass bottles with plastic caps that have 
been swelled in water and wiped dry; place the caps over the tops of the stop- 
pered bottles and allow them to shrink tightly in place. Tins and cans may be 
similarly protected by an inner sealing disk tightly inserted in the opening: the 
screw cap is then tightened securely. If the material is known to be light-sensitive, 
or even not known not to be light-sensitive, opaque containers or brown bottles 
should be used. If clear bottles are used of necessity, they should be wrapped 
with opaque paper immediately. Samples should be packed in cartons or boxes 
as a precaution against breakage or other damage. 

TERMINOLOGY 

There are several different kinds of samples that may be used separately or 
composited to represent the entire quantity of liquid being examined: 

An Average Sample is one that consists of proportionate parts from all sections 
of the container. 

An All-Levels Sample is one obtained by submerging a closed sampler to a point 
as near as possible to the draw-off level, then opening the sampler and raising it 
at a rate such that it is about full as it emerges from the liquid. An all-levels 
sample is not necessarily an average sample, because the tank volume may not be 
proportional to the depth and because the operator may not be able to raise the 
sampler at the variable rate required for the proportionate filling. The rate of 
filling is proportional to the square root of the depth of immersion. The tube 
sampling procedure (see page 45) may be used to obtain an all-levels sample from 
a barrel or drum. 

An Upper Sample is one obtained from the middle of the upper third of the 
tank contents. Fig. 2-4. 

A Middle Sample is one obtained from the middle of the tank contents. Fig. 24. 

A Lower Sample is one obtained from the middfe of the lower third of the tank 
contents. Fig. 2-4. 

A Single Tank Composite Sample is a blend of the upper, middle, and lower 
samples. For a tank of uniform cross-section, such as an upright cylindrical tank, 
the blend consists of equal parts of the three samples. For a horizontal cylindrical 
tank, the blend consists of the three samples in the proportions shown in Table 2-5. 
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Table 2-5. Sampling Instructions for Horizontal Cylindrical Tanks 


Liquid 

Depth, 

Per Cent of 

Sampling Level, i 

Per Cent of Diameter 

Above Bottom 

Composite Sample, 
Proportionate Parts of 

Diameter 

1 1 

1 1 


Upper Middle Lower Upper Middle Lower 
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A Multiple Tank Composite Sample {Ship, Barge, etc.) is a blend of individual 
all-level samples, from each compartment that contains the liquid being sam- 
pled, in proportion to the volume of material in each compartment. 

A Top Sample is one obtained 6 in. below the top surface of the tank contents, 
pjg. 2-4. 

An Outlet Sample is one obtained at the level of the tank outlet (cither fixed 
or a swing line outlet). Fig. 2-4. 

A Continuous Sample is one obtained from a pipeline conveying the material in 
such manner as to give a representative average of the stream throughout the 
period of transit. 

A Dipper Sample is one obtained by placing a dipper or other collecting vessel 
into the path of a free-flowing stream so as to collect a definite volume from the 
full cross-section of die stream at regular time intervals for a constant rate of 
flow, or at some time interval varied in proportion to the rate of flow. 

A Mixed Sample is one obtained after mixing or vigorously stirring the con- 
tents of the original container, and then pouring out or drawing ofF the quantity 
desired. 

A Tube or Thief Sample is one obtained with a sampling tube or special thief, 
either as a core sample, or a spot sample from a specified point in the container. 

A Drain Sample is one obtained from the draw-oil or discharge valve. Occa- 
sionally, a drain sample may be die same as a bottom sample, as in the case of a 
tank car. 

A Bottom Sample is one obtained from the material on the bottom surface of 
the tank, container, or line at its lowest point. Fig. 2-4. (Drain and bottom sam- 
ples are usually taken to check for water, sludge, scale, etc.) 


MANUAL SAMPLING PROCEDURES 
In tin's section are outlined five commonly used procedures for sampling homo- 
geneous liquids. The first two (bottle sampling and tap sampling) arc almost 
solely for taking representative samples. The third and fourth (thief sampling 
and tube sampling) are useful for detecting contamination and arc also suitable 
under proper circumstances for taking representative samples. The fifth (dipper 
sampling) is useful for sampling open streams, and is most often employed when 
one wishes to obtain an instantaneous or "grab” sample. 

These procedures are adequate for normal sampling needs, but no attempt is 
made to cover unusual situations. Alertness, care, and good judgment mus£ be 
constantly exercised to recognize and deal with unexpected conditions. ~ 
The Bottle-Sampling Procedure is applicable for sampling liquids ill tanks, 
tanktrucks, tankcars, ships, and barges. Solids or semiliquids that can be liquefied 
by heat may be sampled by this procedure provided they are liquids at the time 
of sampling. A suitable sampling bottle assembly is shown in Fig. 2-5. The open 
neck of the bottle should be at least % in. in diameter for liquids of low viscosity, 
such as aromahe solvents, most aqueous solutions, gasoline, kerosene, and diesel 
ue s. le opening should not be less than W* in. in diameter for sampling more- 
viscous materials such as lubricating oils, fuel oils, plasticizers, and thixotropic 
susjicnsions. 4 1 

il. AI |. LeVe j f ’ T 1 '' tI" 0Wer ! he wei8hled ' stoppered bottle as near as possible to 
he draw-off level, pull out the stopper with a sharp jerk of the cord or chain 
(nonsparking), and raise the bottle at such a rate that it is about H lull as it 
emerges from the liquid. Stopper and label the bottle immediately. 
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Upper, Middle, and Lower Samples. Lower the weighted, stoppered bottle to 
the proper depths, Fig. 2-4, which are as follows: 


Upper sample middle of upper third of the tank contents. 

Middle sample middle of the tank contents. 

Lower sample middle of lower third of the tank contents. 


Pull out the stopper with a sharp jerk of the cord or chain (nonsparking) and 
allow the bottle to fill completely at the selected level, as evidenced by the cessa- 



lt LB. 

LEAD 

WEIGHT 



1 QUART WEIGHTED 
bottle CATCHER 

fabricated 

TO FIT ANY SIZE 
BOTTLE ) 

Fig. 2-5. Assembly for Bottle Sampling. (Courtesy ASTM.) 
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to opposite sides of the tube at the upper end are convenient for holding it by 
slipping two fingers through the rings, thus leaving the thumb free to close the 

*To sample a barrel or a drum, stand it upright and sample from the top. If 
the detection of water, rust, or other insoluble contaminants is desired, let the 
barrel or drum remain in this position long enough to permit the contaminants 
to settle. Remove the bung and place it beside the bung hole with the oily side 
up. Close the upper end of the clean, dry sampling tube with the thumb, and 
lower the tube into the oil for a depth of about 1 ft. Remove the thumb, allow- 
ing oil to flow into the tube. Again close the upper end with the thumb and 
withdraw the tube. Rinse the tube with the oil by holding it nearly horizontal 
and turning it so that the oil comes in contact with that part of the inside surface 
which will be immersed when the sample is taken. Avoid handling any part ol the 
tube that will be immersed in the oil during the sampling operation. Discard 
the rinse oil and allow the tube to drain. Insert the tube into die oil again, 
holding the thumb against the upper end. (If an all-levels sample is desired, insert 
the tube with the upper end open.) When tire tube reaches the bottom, remove 
the thumb and allow the tube to fill. Replace the thumb, withdraw the tube 
quickly and transfer the contents to the sample container. Do not allow the hands 
to come in contact with any part of the sample. Close the sample container; re- 
place and tighten the bung in die drum or barrel. Label the sample container 
and deliver it to the laboratory. 

Obtain samples from cans of 5-gal. capacity or larger in the same manner as 
from drums and barrels, using a tube of proportionately smaller dimensions. 

For cans of less than 5-gal. capacity, use the entire contents as the sample, se- 
lecting cans at random as indicated in Table 2-6 or in accordance with agreement 
between the purdiaser and die seller. 


Table 2-6. Minimum Number of Packages to Be Selected for Sampling 


No. of Packages 

No. of 
Pack- 
ages 
to Be 
Sam- 

No. of Pack- 

No. of 
Packages 
to Be 

No. of Pack- 

No. of 
Packages 
to Be 

in the Lot 

pled 

ages in the Lot 

Sampled 

ages in the Lot 

Sampled 

1 to 3 

all 

513 to 729 

9 

2745 to 3375 

15 

4 to 64 

4 

730 to 1000 

10 

3376 to 4096 

16 

65 to 125 

5 

1001 to 1331 

11 

4097 to 4913 

17 

126 to 216 

6 

1332 to 1728 

12 

4914 to 5832 

18 

217 to 343 

7 

1729 to 2197 

13 

5833 to 6859 

19 

344 to 512 

8 

2198 to 2744 

14 

6860 or over 

20 

D ’l 1 l ,er Sampling Procedure is applicable lor sampling liquids and semi- 
puds where a free or open discharge slrcam exists, as in small filling and transfer 
cans meS ~ m lanietcr or k ss ) -‘tid filling apparatus for barrels, packages, and 


maVfrfjj XXXX 3 flared bowl a,ld a handle of convenient length, made of 
should Invp , S m ” e St - ee ! t ^ iat not a ^ ect tbe product being tested. It 
ianM and TF** SU,tablc for the amou '* to be collected (see next para- 
° aph) and must be protected from dust and dirt when not being used. 
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Insert the dipper in the free-flowing stream so that a portion is collected from 
the full cross-section of the stream. Take portions at time intervals chosen to 
collect a complete sample proportional to the quantity transferred. The gross 
amount of sample collected should be approximately 0.1%, but not more than 
40 gal., of the total quantity being sampled. Transfer the portions into a clean, 
dry sample container of the desired size as soon as collected. Keep the container 
closed, except when pouring a dipper portion into it. 

As soon as all portions of the sample have been collected, close and label the 
sample container, and deliver it to the laboratory. 

CONTINUOUS SAMPLING 

A number of mechanical sampling devices are in accepted use to withdraw 
samples from streams flowing in pipes. Where samples are needed from contin- 
uous processes, or to represent very large volumes (such as pipeline batches or 
transfers to or from tankships), automatic samplers are nearly indispensable. An 
installation for continuous sampling comprises 
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(D) TYPICAL ASSEMBLY FOR CONTINUOUS SAMPLING 
Fie. 2-8. Continuous Sampling. 


A sampling probe to withdraw from the flow stream a portion that will be repre- 
sentauye of the entire stream. Commonly used probe designs are as follows: 

(1) A tube extending to the center of the line and beveled at a 45° angle facing 

upstream. ° ° 

(2) A long-radius forged elbow or pipe-bend extending to the center line of the 

and faCin§ “Pstream. The end of the probe should be reamed to give a 
snarp entrance edge. 
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/3) A tube extending across the pipeline with holes or slots lacing upstream. 
The position and size of the probe should be such that it will minimize stratifica- 
tion and the dropping-out of heavier particles within the tube as well as displace- 
ment of oil within the tube as a tesult of variations in gravity of the flowing stream. 

(4) To control die rate at which the sample is withdrawn, the probe or probes 
should be fitted with valves or plug cocks. ... 

Automatic Sampling Devices may be classified under the following headings: 

Time Cycle (Nonproportional) Continuous Sampler. A sampler designed and 
operated in such a manner that it transfers equal increments of liquid from die 
pipeline to the sample container at a uniform rate of one or more increments per 
minute is defined as a continuous sampler. 

Time Cycle (Nonproportional) Intermittent Sampler. A sampler that is de- 
signed and operated in such a manner that it transfers cquai increments of liquid 
from a pipeline to the sample container at a uniform rate of less than one incre- 
ment per minute is defined as an intermittent sampler. 

Flow-Responsive (Proportional) Sampler. A sampler that is designed and oper- 
ated ill such a manner that it will automatically adjust the quantity of sample ill 
proportion to the rate of flow is defined as a flow-responsive (proportional) sam- 
pler. Adjustment of the quantity of sample may be made either by varying the 
frequency of transferring equal increments of sample to the sample container, or 
by varying the volume of the increments while maintaining a constant frequency 
of transferring the increments to the sample container. 

The Receiver is a clean, dry container of convenient size to receive the sample. 
All connections from the sample probe to the sample container must be free of 
leaks. Two types of container may be used, depending upon service requirements: 

Atmospheric Receiver. The atmospheric receiver is constructed in such a way 
that it retards evaporation loss and protects the sample from extraneous material 
such as rain, snow, dust, and trash. The construction should permit cleaning, in- 
terior inspection, and complete mixing of the sample prior to removal. The re- 
ceiver should be provided with a suitable vent. 

Closed Receiver. The closed receiver is constructed in such a manner that it 
prevents evaporation loss. The construction must permit cleaning, interior in- 
spection, and complete mixing of the sample prior to removal. The receiver 
should be equipped with a pressure relief valve. 

A Nonautomatic Sample.~To obtain a nonautomatic sample, adjust the valve 
or plug cock from the sampling probe so that a steady stream is drawn from die 
probe. Wherever possible the rate of sample withdrawal should be such that the 
velocity of liquid flowing through the probe is approximately equal to the aver- 
age linear velocity of the stream flowing through the pipeline. Measure and re- 
cord die rate of sample withdrawn as gallons per hour. Divert the sample stream 
to the sampling container continuously or intermittently, to provide a quantity of 
sample that will be of sufficient size for analysis. Label the sample and deliver 
it to the laboratory in the container in which it was collected. 

An Automatic Sample.—' To take an automatic sample, purge the sampler and 
the sampling lines immediately before the start of the sampling operation. If the 
samp er design is such that complete purging is not possible, circulate a continuous 
stream from die probe past or through the sampler. Withdraw the sample from 
the side stream through the automatic sampler, using die shortest possible connec- 
tions. Adjust the sampler to deliver not less than one and not more than 40 gal. 
of sample during the desired sampling period. For time-cycle samplers, record 
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the rate at which sample increments were taken per minute. For flow-responsive 
samplers, record the proportion of sample to total stream. Label the samples 
and deliver them to the laboratory in the containers in which they were col- 
lected. 

When sampling semiliquids, heat the sampler lines, sampler, and receiver to a 
temperature just sufficient to keep the material liquid and to assure accurate op- 
eration of the sampling devices. 

Deviations in Quantity of Sample.-Vor time-cycle samplers, deviations in quan- 
tity of the sample taken should not exceed ±5% of the average rate for a given 
setting. For flow-responsive samplers, the deviation in quantity of sample taken 
per thousand gallons of flowing stream should not exceed ±5% of the chosen 
average. 

SAMPLING HETEROGENEOUS LIQUIDS 

By far the most difficult sampling problems are those involving heterogenous 
liquids. These problems are encountered more often than at first might be sup- 
posed. The most common case is that of estimating the amount of contamination 
in a nominally homogeneous fluid, after contamination has been found. Similarly, 
one may wish to know if undissolved solids or unreacted liquids are present at a 
given stage in the processing of a material. Samples are sometimes needed to study 
progress in the settling of a mixture. 

Unfortunately, there are are no established procedures for obtaining representa- 
tive samples from multiphase liquids or liquidrsolid mixtures. Increasing atten- 
tion is being given to this type of problem, but very little is known about any 
except the simplest cases. 

For relatively small quantities, very vigorous mixing can be employed just prior 
to sampling by one of the procedures described under "Manual Sample Pro- 
cedures." This expedient is limited to cans, drums, and very small tanks. It is 
good practice to obtain at least three samples and perform separate analyses on 
each, in order to give added confidence to the result obtained. 

When sampling from a flowing stream that is known to contain suspended sol- 
ids or immiscible liquids, it is best to separate the suspended material and to col- 
lect only the desired liquid. If one cannot avoid the problem of taking a repre- 
sentative sample from such a stream, consideration has to be given to the linear 
flow rate of the stream, the linear flow rate in the sampling probe, the concen- 
tration of the particles, their density, average size and size distribution, and the 
location and design of the sampling probe. Each instance must be studied sep- 
arately, and only experimentation can be relied on to provide satisfactorily de- 
signed installations. 

The most recent reseatch on this type of problem has been supported by the 
American Petroleum Institute and is referenced in the bibliography for this chapter. 

STATISTICAL SAMPLING PLANS 

A great deal of attention has been directed since about 1939 to schemes for 
increasing the usefulness of samples in assaying average quality and detecting 
faulty units in production lots. Probability and statistics form the mathematical 
basis for these schemes. Very substantial amounts of time and effort, not only for 

principles ^ imp ° mntly for aual y sis ’ are conserved by applying these 
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Statistical plaits, typically, arc designed for mechanical operations with great 
lepetittveness but are equally applicable to sampling a continuous process that 
involves liquids, or to sampling discrete small volumes such as cans or aerosol 
containers. 
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DETECTION OF THE CATIONS 
AND ANIONS 

By Frank J. Welcher 

Professor of Chemistry 
Indiana University 
Indianapolis, Ind. 


/SPOT TESTS * 


Introduction .- The selection of the tests used in preparing this section has been 
based largely on considerations of sensitivity and selectivity. In addition, tests gen- 
erally have been preferred where the necessary reagents are likely to be available 
or easily prepared. In general, the most selective tests are the ones recommended, 
even though more sensitive tests are sometimes available. 

Very few qualitative tests are applicable to solutions which might contain any 
or all cations: consequently most tests, even with selective reagents, require either 
a prior separation from possible interferences or the use of suitable masking re- 
agents. Important exceptions, of course, occur in testing special materials where 
ions known to interfere are almost certainly absent. Thus, in establishing the 
identity of a pure substance, interference is rarely encountered. Further, in a 
problem calling for the identification of an element, such as molybdenum in steel, 
no serious consideration need be given to possible interference by metals such as 
gold, platinum, and ruthenium, since it is highly unlikely that any of these ele- 
ments would be encountered in the analysis of steel. 

It should be further noted that in selecting a method for the detection of an 
element, categorical statements regarding possible interference are frequently mean- 
ingless unless the quantity of foreign element present is defined. Therefore, no 
single set of tests can provide the solution to all analytical problems. 

In the tests described below, an effort has been made to include those methods 
in which there is a minimum of interference by elements likely to be present 
along with the element sought. This applies particularly to elements that are 

* The tests described in this section have been adapted from tables prepared for the 
Handbook of Analytical Chemistry, edited by L. Meites, to be published by McGraw-Hill 
Book Co., New York. Some tests are based on information provided by Philip West 
Louisiana State University. 1 ’ 
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chemically similar, or which belong to the same analytical group. For example, 
in selecting a test {or cadmium it is desirable that lead, bismuth, and copper do 
not interfere, since all these ions are precipitated by hydrogen sullide from a hydro- 
chloric acid solution and the sulfides are not dissolved by ammonium sulfide or 
sodium hydroxide. In other words, if a simple sulfide separation is used to sep- 
arate cadmium prior to confirming its presence, lead, bismuth, and copper will 
also be present if contained in the original sample. Interference by the alkaline 
earth metals, on the other hand, would be far less serious, since cadmium could 
readily be separated from these elements with the aid of hydrogen sulfide. 

To aid the analyst in devising simple methods for the separation of the ions to 
avoid possible interference, the classical division of the elements into analytical 
groups is given in this chapter (page 63). A more complete separation of the 
individual ions is also described in the scheme of qualitative analysis by Noyes and 
Bray (page 64). 

A number of books and reports are available which give a more detailed dis- 
cussion of the detection of die individual cations and anions. 1 

Detection of the Cations .— The procedure for cacli test, its sensitivity, inter- 
ference, and other information relating to the test is presented in the following 
style: 

Element (or ion) Detected. Reagentfs) ( Technique ). Procedure. Result ob- 
served. Limit of identification (or dilution limit). Interfering substances (method 
or reagent used to eliminate interference shown in parentheses.) 

The following abbreviations are used to indicate the technique used: C, crucible; 
FP, filter paper; M, microscojie; S, slide; SP, spot plate; TT, test tube; \VG, watch 
glass. 


Aluminum. AhzannS(SP). 1 drop 1 N NaOH test solution (AIO 2 ") 4* drop 0.1% 
reagent solution. Add 1 N HAc to discharge violet color. Then 1 drop 1 N HAc. Red 
precipitate or color. Run blank with 1 N NaOH. Sensitivity: 0.65 pg. Interference: 
Fe(NaOH), Co(NaOH), Cu(NaOH), alkaline earth metals in concentrated solutions, 
Ga, Ce(IIl), Be, Ni, Ti, Zr, Th, Mo Or, V, F - . 

Ammonia (NH 4 + + OH - , heat). Litmus paper. Heat solid NH 4 + salt or test solution 
with 1 drop 2 N NaOH at 40°C. for 5 minutes in closed vessel in which is suspended a 
strip of moist red litmus. Change to blue. Run blank. Sensitivity: 0.01 pg. Interfer- 
ence : CN - (Hg ++ ). Alkali metals do not disturb. 

Ammonium. p-Nitrobcnzenediazomum chloride(SP). 1 drop test solution + 1 drop re- 
agent (dissolve 1 g. /--nitraniline in 20 mi. H 2 0 -f 2 ml. dil. HC1. Add 160 ml. H 2 0 
with stirring. Cool, add 20 ml. 2.5% NaNO z . Stir. Filter.) Place solid CaO (size of 
pea) between drops Red color immediate. Run blank. Sensitivity: 0.7 pg. Alkali 
metals do not inerferc. 


m- S P ot Tests > inorganic Applications, Elsevier Publishing Co., Amsterdam, 
McAlpine, R. K., and Soule, B. A., Qualitative Chemical Analysis, D. Van Nostrand 
Co.. Inc., Princeton, 1933; Noyes, A. A., and Bray, W. C., Qualitative Analysis for the 
“? ri L Ele ? ier ! ts ‘ The Macmillan Company, New York, 1927; Treadwell, F. P., and Hall, 
m v 1 iJwfv Chemistry, Vol. I, Qualitative Analysis, John Wiley and Sons, Inc., 
New Vork, 1932; Van Nieuwenburg, C. J., et al.. Tables of Reagents for Inorganic Anal- 
ysis, I irst Report, International Union oE Chemistry, Akademischc VerlagsgesellschaEt, 
Leipzig, 1938; Welcher, F. J., Organic Analytical Reagents, 4 \ols., D. Van Nostrand Co., 
Inc., 1 rinceton, 1948; Wengei, P. E., et al., Reagents for Qualitative Inorganic Analysis, 
194IJ I nternat «onal Union of Chemist! y, Elsevier Publishing Co., Anistetdam. 



SPOT TESTS 


/Antimony. RhodamineB{SP). In test tube, 5 drops 1:3 H 2 SO., + 1 drop test solu- 
tion + 1 drop 10% KI + 1 ml. benzene.' Shake. On spot plate, 2-3 drops benzene 
extract + 1 drop 0.2% reagent solution. Violet benzene layer. Sensitivity: 0.25 p g. 
hrferf£rsa£bv NO«" (urea), oxidizing agents (Na 2 S0 3 ). 

/Vi^nic(Il) and V). Zn + HCl + AgHO^TT and FP). In a test tube place 1 drop 
V jest so jiUierfr - few grains metallic Zn and 3 drops 1:3 H->SO.j. Insert in top of the tube 
cotton soaked with 15% Cu 2 Cl 2 in 10 N HCl and cover tube with filter paper impreg- 
nated with 20% AgN0 3 solution. Brown-black stain. Sensitivity: 2.5 Mg- Interfer- 
ence: Hg(II) may in large amount. If S“, SCN - , S^Os” 1 and Sb are absent, Cu 2 Cl 2 
need' not be used. If A1 + KOH are used instead of Zn + HCl, As(V) and Sb are not 
reduced; hence, As(III) is detected in presence of As(V). 

- Barium. H 2 SO. i + KMnO\(TT). In small centrifuge tube place 1 drop test solu- 
tion and 3 drops cold, saturated KMnO-i T 2-3 drops 1 N H 2 SO.j. At once add drop- 
wise saturated aqueous S0 2 to decolorize solution. Centrifuge. Purple precipitate (ob- 
serve against white background with magnification). Sensitivity: 2.5 pg. Interferes: Pb. 
Do not interfere: Ca, Sr, Mg. 

Beryllium. Morin(SP and FP). 1 drop neutral or slightly acidic test solution on spot 
plate -f- 3 drops cold saturated solution of Na 2 EDTA in 1:10 NFI 3 4* 1 drop 0.02% 
reagent in acetone. Filter, wash precipitate with 2 drops EDTA solution, then H 2 0, 
finally acetone. Filter paper shows green-yellow fluorescence ufith ultraviolet fight. 
Sensitivity: 0.07 Mg- Interference: Zr. 

Bismuth. SnCl* 4* NaOH -f- PbCl»(SP). 1 drop HCl test solution 4- 1 drop saturated 
PbCl 2 solution 4- 2 drops NaHSnO« solution (mix immediately before use equal volumes 
of 25% NaOH and a solution of 5 g. SnCl 2 in 5 ml. cone. HCl diluted to 100 ml. with 
H 2 0). Black to brown precipitate. Run blank. Sensitivity: 0.01 pg. Interference: 
Au, Ag, Pt, Hg(ignition), Cu(KCN), Te. 

Cadmium. Di-p-nitrophenylcarbazide{SP). 1 drop test solution 4" 1 drop 10% NaOH 
"Ar 1 drop 10% KCN. Mix. Add 1 drop 0.1% alcoholic reagent solution 4- 2 drops 
40% HCHO. Stir. Blue-green precipitate or color. Sensitivity: 0.8 pg. Interfere: 
Co, Pt, (Te and Fe may). Do not interfere: Hg(ll), Cu, Pb, Bi. 

^Calcium. Glyoxal bis(2-hydro.xyaiul) (TT). 1 drop neutral or slightly acidic test solu- 
tion 4* 4 drops saturated alcoholic solution of reagent * 4* 1 drop solution (10 g. NaCN 
4- 10 g. NaOH in 100 ml. H-O). Extract with CHCI 3 . Red CHC1 3 layer. Sensitivity: 
0.25 pg. Interference: Ba and Sr (both, 1 drop 10% Na 2 C0 3 after NaCN-NaOH 
solution). 

Cerium. // 2 0 2 4~ iV// 3 (C). 1 drop test solution -f 1 drop 3% H 2 0 2 -f- i drop dil. 
NH 3 . Heat gently. Yellow color or precipitate. Sensitivity: 0.4 Mg. Interfere: Fe(III) 
(tartrate). Do not interfere: rare earths. 

Cesium. KBIi(FP). 1 drop test solution 4- 1 drop reagent (dissolve 1 g. Bi 2 0 3 by 
boiling in a saturated aqueous solution of 5 g. KI, and add in small portions 25 ml. 
glacial HAc). Run blank. Orange or yellow color. Sensitivity: 0.7 pg. Interfere: 
T1(I) and ions precipitated with KI (prior precipitation with KI). Do not interfere': 
Alkali metals, 

:-GHromium(IH). Diphenylcarbazide(SP). 1 drop test solution 4- 1 drop saturated 
K 2 S 0 O 8 solution 4- 1 drop 2% AgN0 3 . After 2-3 minutes, add 1 drop cone. H-,SO.t 
and 1 drop 1% alcoholic reagent solution. Violet to red color. Sensitivity 0 8 us 
Interference: Mn(II)(NaN 3 ), Hg(II)(Cr), Mo0 4 =(H 2 C 2 0 4 ), VO3-, Au(III). 


4nor Re i agen V- “ ve r 4 - 4 S' freshly sublimed o-aminophenol in 1 liter IDO at 80° 4- 3 0 tr 
«% glyoxal m H.O. La stand 30 min at 80JC., and then 12 hours in a refrigerator FUte 

rpp.rvstalnyp irnm ° 


wash with H 2 0, and recrystallize from MeOH. 
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Chromium (VI). Ckromotropic Acid(SP). 1 drop test solution 4* 1 drop saturated reagent 
solution + 1 drop 7.5 N HN0 3 . If Cr(III), make test solution slightly basic and add 
Na 2 0 2 . Destroy excess Na 2 0 2 with KN0 2 and heat. Acidify and make test. Brownish- 
red color. Sensitivity: 2.5 Mg- Reaction is selective. 

Cobalt. 1-Nitroso-2-naphthol(FP). 1 drop neutral or slightly acidic test solution + 
1 drop reagent (1 g. reagent in 50 ml. glacial HAc diluted to 1 liter with H 2 0). Brown 
stain. Sensitivity: 0.05 jug- Interference: Fe(III)(P0 4 3 "), U0 2 ++ (P0 4 3 “), Pd, 
Cu(KI + Na 2 S0 3 ). 

Cobalt. NHiSCN{SP). 1 drop test solution + 5 drops saturated reagent in acetone. 
Green to blue color. Sensitivity: 0.5 Mg- Interference: Fc(III)(NaF), Cu(Na 2 SO) 3 , 
VO ++ , CN“, CjOr, Fe(CN)# 3- . 

Copper. Cuprotn(SP). 1 drop test solution 4* 3-4 crysls NH 2 OH-HCI 4* 1 drop 
saturated alcoholic solution of reagent. Extract with isoAmOH if colored ions interfere. 
Pink to purple color. Sensitivity: 0.05 Mg. Interference: I0 4 ~. 

Copper. Rubeamc Acid ( FP ). 1 drop 20% malonic acid + 1 drop test solution + 1 
drop saturated reagent in MeOH. Green-black spot. Sensitivity: 0.025 Mg. Interfer- 
ence: Au(III) (gold spot), Ag(NaCl). 

Gallium. RhodamineB(TT). 1 drop test solution (6 N in HC1) 4* 3 drops 0.2% 
reagent in 6 N HC1 + 3-5 drops benzene. Mix. Run blank. Red benzene layer 
(orange-red fluorescence in ultraviolet light). Sensitivity: 0.5 Mg- Interference: Hg(II), 
Sb, Au(III), Fe(III), TeOr, SCN", Br0 3 -, I0 3 ~ Mn0 4 “ Cr0 4 “. 

Germanium. A lannilol(TT). 1 drop slightly acidic test solution (germanate) 4- 
1 drop phenolphthalein + 0.01 N NaOH to red color. Add solid mannitol. Red color 
fades or disappears. Sensitivity: 2.5 Mg- In the absence of B, specific for Ge. Do not 
interfere: As(III), Sb, Sn, Te. 

Gold. p-Dimelh)laminobenzalrhodanine(FP). 1 drop neutral or slightly acidic test solu- 
tion on filter paper (S & S No. 601) impregnated with saturated alcoholic solution of 
reagent and dried. Violet spot. Sensitivity: 0.1 Mg. Interference: Ag(Cl“), Hg(Cl"), 
Pd(dimethylgIyoxime + H + and filter — use filtrate). 

Indium. Ahzarin(FP). 1 drop test solution (slightly acidic or neutral) on filter paper 
impregnated with saturated alcoholic solution of reagent and dried. Hold over cone. 
NH 3 and dip in saturated aqueous H 3 B0 3 . Red spot. Sensitivity: 0.05 Mg. Interfer- 
ence: Be, Zr, Th, A1(F~), Cr(NaOH), Fe(Na 2 S 2 0 3 + KCN), Zn(CN~), Ni(CN“), 
Co(CN ), Mn(CN most ions precipitated with H 2 S. 

Iridium. Lmcomalachile green{TT ) . 2-3 ml. test solution +[2-3 drops 1% reagent in 2 
N HAc + CHC1 3 . Shake. Green color with IrCl B “. Dilution limit: 1 :10 8 . Interfere: 
Au, Ru, Pd(IV), Fe(III). Do not interfere: PtCI 4 - RhCi 6 ~, Pt(II), Os(IV). 

Iron (II). 2,2'-Dip\nd)l (or 7 ,70-phcnathrohne)(SP or FP). 1 drop slightly acidic test 
solution 4- 1 drop 2% alcoholic reagent solution on spot plate, or 1 drop test solution on 
filter paper (S & S No. 589) impregnated with 2% alcoholic reagent solution and dried. 
Red to pink color. Sensitivity: 0.25 Mg- Fe(III) is detected by prior reduction with 
NH 2 OH- HC1 or SnCl 2 ). The reaction is selective. 

Iron(HI). _ KiFe(CiV)t(FP or SP ). 1 drop slightly acidic test solution 4~ 1 drop 1% 
reagent solution. Blue stain or precipitate. Sensitivity: 0.5 Mg- Interference: F“ 
C 2 0 4 , P0 4 3 , and cations forming colored ferrocyanides may. 

Lead. Dithizone(TT ). 1 drop test solution + 2 drops 5 N KCN + 1 drop cone. 
NH 4 OH 4- 4-5 drops saturated solution of reagent in CC1 4 . Red CC1 4 layer. Sensi- 
tivity: 0.05 Mg- Interference*. Sn(II,IV), Fe(III), P0 4 *“. 

Lithium. RIO4 + FeClz 4“ KOH( TT). 1 drop neutral or basic test solution 4* 1 
drop saturated NaCl + 2 drops reagent (dissolve 2 g. KIO4 in 10 ml. freshly prepared 2 
N KOH. Dilute to 50 ml. and mix with 3 ml. 10% FeC! 3 and dilute to 100 ml. with 2 N 
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KOH). Prepare blank with HoO. Dip both tubes m H 2 0 at 45 50 C. for 15-0 
seconds. Yellow-white turbidity (blank clear). Sensitivity: 0.1 Mg- Interference: NH 4 
(heat 4- KOH or ignite solid), bivalent metals (oxine in KOH— use filtrate). 

'Magnesium. Magneson{SP). 1 drop neutral or slightly acidic test solution + 1 drop 
0 1% reagent in 1 : 1 EtOH + 1-2 drops 0.1 N KOH. Blue color or precipitate. Sensi- 
tivity: 0.5 Mg- Interfere: Fe, Cr, Al, Sn (all precipitated with solid NaN0 2 ), Ni, Co, Cd 
(all with CN _ ), Mn(S“), NH 4 salts (heat). Do not interfere: Ca, Ba, Sr. 

.... Manganese. (NHjtfsOs + AgN0 3 (C or TT). 1 drop test solution + 1 drop cone. 
H 2 SO.i. Mix. Add 1 drop 0.1% AgN0 3 + few mg. (NH 4 ) 2 S 2 Oh. Jdeat gently. Red- 
violet color. Sensitivity: 0.1 Mg- Interference: Cr(III), (see MnOj test), halides. 

Mercury (I) and (II). Diphenylcarbazone{FP) . 1 drop test solution (0.2 N HN0 3 ) + 
^1 drop 1% alcoholic reagent solution. Violet-blue precipitate. Sensitivity: 0.5 Mg- 
Interference: halides and CN~. 

v Mercury (I) and (II). SnCl> -j- Aniline(FP). 1 drop test solution -f 1 drop 5% SnCl 2 
in 10 iVHCl + 1 drop pure aniline. Black to brown stain. Sensitivity: 1 Mg- Interfer- 
ence: large amounts Ag, Au, Mo. 

v Molybdenum. Methylene blue(TF). 1 drop slightly acidic test solution (MoO.f*) + 
4 drops 0.0012% reagent solution -j- 20-30 mg. solid N 2 H 4 -H 2 S0 4 . Prepare blank. 
Place both tubes in boiling H 2 0. With >0.5 Mg Mo, color discharged in 3 minutes; 
with <0.5 Mg Mo, in 10 minutes. Sensitivity: 0.012 Mg- Interference: Colored ions, 
W(F~), Sn(II), N0 3 - , S”, S 2 0 3 “, Se. With many cations, boil with Na 2 C0 3 and use 


filtrate. 

Nickel. Dimethylglyoxime(SP). 2-3 drops test solution -f- NH 3 until basic. Filter. 
To 1 drop filtrate, add 1 drop saturated alcoholic solution of reagent. Pink to red precipi- 
tate. Sensitivity: 0.2 Mg- Interference: Fe(II) (H 2 0 2 ), Fe(III)(F~), Cu(HS0 3 “ + 
SCN"), Co + Ni(CN- + HCHO), Co, Cu, Mn (all H 2 0 2 + Na 2 C0 3 ), Pd (may). 

Niobium. KSCN + Zn(TT). Crystals of KSCN T 1 ml. test solution (niobate) + 
Zn powder + 5 drops cone. HC1. Yellow. Run blank. Dilution limit: 1 :20,000. Do 
not interfere: Ta 2 Os, Ti(IV), WOT*. 

Osmium. KC10 3 + K1{SP). 1 drop reagent (1 g. KClOn + 1 g. KI + 100 ml. H 2 0) 
+ 1 drop 1:1000 H 2 SO.i + 1 drop 1% starch solution + 1 drop neutral test solution. 
Blue color. Run blank. Sensitivity: 0.005 Mg Os0 4 . Interference: Ru, colored ions, 
oxidizing agents. Specific for Os if Os0 4 is volatilized from acidic test solution and col- 
lected in 1 drop H 2 0(0.01 Mg)- 

Palladium(II). Dimethylglyoxime (FP) . 1 drop slightly acidic test solution on test 

paper. (Dip filter paper in saturated alcoholic solution of reagent. Dry, and dip in 
slightly NH 3 5% Ni(N0 3 ) 2 solution. Wash with H 2 0, dip in EtOH and dry.) Dry spot 
b dil. HC1 + cold H 2 0. Red color disappears except at test spot. Sensitivitv : 0.25 ug. 
Interference: Hg(I), CN~, S 2 0 3 “, Fe(CN) 6 3 ~. 

Platinum, p- Nitrosodimethylaniline(TT) . 4 drops dil. HAc -j- 2 drops test solution + 
+ 4 dro P s 0.05% reagent in 60% EtOH. Heat in boiling H 2 0 for 5 minutes. Pink 
color. Sensitivity: 2.5 Mg- Interference: Au(III), Rh(III), Pd(II), Ru(III), Ce(IV) 
SCN- Fe(CN) 6 3 -,Te0r,Br0 3 -. h K h 

Potassium. Ya 3 [C’o(A r 0 2 ) 6 ](6'). 1 drop test solution -f 1 drop EtOH -f 1 drop re- 
agent solution (0.5 g. reagent + 3 ml. H 2 0). Yellow crystals. View against black back- 
ground. . Sensitivity : 4 Mg- Do not interfere : Na, Rb, Cs, NH.| + . 

Rhenium. Dimethylglyoxime + SnCP{SP). 1 drop test solution (ReO-f) -j- 1 drop 
saturated alcoholic dimethylglyoxime -f- crystals of SnCl 2 -j- 1 drop cone. HC1. Brown 
to reddish-brown color. Sensitivity: 2 Mg- Interference: Mo0 4 =, Pt(IV) Au(III) 
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Rhodium. p-NilrcsoiipImlamntf.TT). 3-5 drops slightly acidic test solution + 4 
drops 0 05% reagent in 1 : 1 EtOH. Heat in boiling HsO for 5 minutes. Orange-red 
solution. Sensitivity: 0.5 pg. Interference: P.(IV), Os(III), Ce(IV), Fc(III), Zr(IV), 


SCN-, NOr- ... , . „ 

Rubidium. AuB rr -AgB,(M). Evaporate on slide 1 drop test solution. To residue 
add 1 drop 4.5% AuBrs solution in 40% HBr and 1 drop 0.8% AgBr in 40% HBr. Let 
stand a few minutes. Red, prismatic needles. Sensitivity: 0.5 pg. Interference: Cs, Sb, 


Sn, Ru, Rh, Pt. ‘ 

Ruthenium. Rubeanic Acid(TT). 1 drop HCI test solution + 1-2 drops 0.2% reagent 
in glacial HAc. Heat gently. Blue color. Sensitivity: 0.2 pg. Interference: Pd and Pt 
give red precipitates (blue color may be observed after filtering or centrifuging). Os 
does not react. 

Scandium. Cochiiual(TT). 5 ml. test solution + 2-3 drops tincture cochineal + 
few drops 2 N NaOH to a purple color. Heat gently + 10 drops glacial HAc. Dark 
blue precipitate. Dilution limit: 1:50,000. Interference: Zr(IV), Ti(IV), U0 2 ++ J 
F~. Also Ag, Hg, Cu, Sn, Au, V (all removed with H 2 S). 

Selenium. Dtphenylbenzidine(SP). 1 drop test solution -f- 1 drop 5% NaF -f 1 drop 
2.5% reagent solution + 1 drop dilute HCI. Yellow color or precipitate. Sensitivity: 

2.5 ng. Interference: Au(III), Ce(IV), V0 3 - , Ru(III), Pt(IV), oxidizing anions. 
Selenium. NaHSOz^TT). 1 ml. test solution + crystals of NaHS0 3 + 1 ml. cone. 

H2SO4. Heat to boiling 1 minute. Cool. Red color or precipitate. Sensitivity: 6 fig. 
Interefere: Sn(II). Do not interfere: As(IIl), Sn(IV), Ge(lV), Tc. 

Silver. (NH t ) 2 [Ce(N 03 )t] + HCl(SP). Use adjacent depressions on spot plate.- To 
each add 3 drops reagent solution (0.25% reagent in 1% HNO3) + 2 drops dilute HCI. 
To one add 1 drop test solution, and to the other 1 drop H 2 0. Reagent decolorizes more 
rapidly with Ag. Sensitivity: 0.05 pg. Interference: Mn, reducing agents, especially 
Fe(II) and Sn(II). 

Sodium. Zinc uranyl acetate(Black SP ). Make test solution as nearly neutral as possible. 
1 drop neutral lest solution + 8 drops reagent.* Stir. Yellow precipitate. Sensitivity: 

12.5 Mg- Specific for Na. Large amounts of Li and K may precipitate. 

Strontium. Na Rhodizonate(FP). 1 drop test solution on filter paper impregnated 
with saturated aqueous K 2 Cr0 4 solution and dried. Let stand 1 minute. Add 1 drop 
0.2% reagent solution. Red brown spot. Sensitivity: 4 Mg- Ba does not interfere. 

Tantalum. Methylene blue(TT). 1 ml. test solution (TaF& or TaF^") + 1 ml. satu- 
rated aqueous reagent. Blue precipitate. Run blank. Dilution limit: 1 : 10,000. Do 
not interfere: Nb, Ti(IV), and low concentrations of Sb, Sn, Mo, W, V, Al. 

Tellurium. SnCl 2 + NaOH(SP). 1 drop reagent (5 g. SnCl 2 + 5 ml. cone. HCI 
diluted to 100 ml.) + 1 drop 25% NaOH + 1 drop basic test solution (Na 2 COj extract). 
Black precipitate or gray color. Sensitivity: 0.6 fig. Interference: Ag, Hg, Cu, Bi, 
As(III), Sb(III), Sn(IV), Mo(VI). Se does not react. 

Thallium(I). KI(IVG). 1 drop slightly acidic test solution + 1 drop 10% KI on 
watch glass (black background). After precipitate form + 1-2 drops 2% Na 2 S 2 0 3 . 
Yellow precipitate insoluble in Na 2 S 2 0 3 indicates Tl. Sensitivity: 0.6 /ig. Interference: 
Hg (excess KI), Pb(Na 2 S 2 0 3 ), Ag(Na 2 S 2 0 3 ). 

Thorium. JU0 4 (T?'). 5 ml. slightly acidic test solution + 5 drops 7.5 N HN0 3 + 
few drops saturated aqueous solution of reagent. White precipitate. Dilution limit: 
1 : 250,000. Interfere: Ag, Hg, Sn, Ti, Zr. Do not interfere : rare earths. 


* Reagent (A). Dissolve 10 g. uranyl acetate by warming in 6 g. 30% HAc and dilute to 50 

ml \ «**&**}?)• Stir 30 g. zinc acetate with 3 g. 30% HAc and dilute to 50 ml. Mix (A) 
and (B). Add trace NaCl. Let stand 24 hours and filter. 
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Tin. Zn + HCl{C). 5 drops test solution -f 5 ml. cone. HCl T piece Zn. Dip micro- 
test tube filled with cold H 2 0 in mixture, then in reducing flame of Bunsen burner. Blue 
luminescence. Dilution limit: 1:5000. Not sensitivity but selective. Interference: 

Nb, (Au may). 

Titanium. Chromotropic Acid(SP). 1 drop test solution + 1 drop 5% reagent solution. 
Red-brown color. Sensitivity: 3 jug, Interference: Fe(III)(SnCl 2 ), U0 2 ++ (SnCl 2 ), 
PO4 3 -, F“, Se0 3 =, 0.0. f\ 

Titanium. Chromotropic Acid(SP). 1 drop H.SO.i test solution + 5 drops reagent 
(0.02 g. reagent in 20 ml. cone. H 2 S0 4 ). Violet color. Sensitivity: 0.1 fig. Interfer- 
ence: N0 3 “, oxidizing agents (fume with cone. H 2 S09- 

Titanium. H»0*(TT). 1 ml. test solution 4* 3-4 drops 4 N H>SOt 4* 1 drop 3% 
H 2 0 2 . Orange-yellow color. Color disappears with solid NH 4 F if caused by Ti. Di- 
lution limit: 1:100,000. Interference: Fe(III)(H 3 PO.i), F~(BeCl 2 ), CrO-i“, V0 3 “, 
MoO-T, Au(III), Pt(IV), U0 2 ++ (with last 3 ions, run blank). 

Tungsten. SnCk(FP). 1 drop cone. HCl + 1 drop test solution 1 drop 10% KSCN 
4- 1 drop freshly prepared 20% SnCl 2 in cone. HCl. Bluish-green spot. Sensitivity: 
5 jug. Interfere: Au(III), Ru(III), F", C 2 0.r, Te, Se. Do not interfere: Nb, Ta. 

Uranium. KiFe(CN)6(FP). 1 drop slightly acidic test solution 4- 1 drop 3% reagent 
solution. Brown stain. Sensitivity: 1 fig. Interference: Fe(III), Cu(II) (both with 
KI.+ H+ 4- Na 2 So0 3 ). 

Uranium. Oxine(FP). 1 drop slightly acidic test solution + 1 drop 5% alcoholic 
reagent solution. Expose to NH 3 gas. Clear brown stain. Sensitivity: 3 jug. Interfer- 
ence: Positive in presence of rare earth and principal elements in U ores, except Fe. 
Sb(V), Fe, Ce(IV), F“, P0 4 3 ~, aliphatic hydroxy acids (Fe cannot be masked by latter). 

Vanadium. O.xine(TT). 2 drops test solution 4* 3 drops saturated solution of reagent 
in glacial HAc. Adjust pH to 4-6 4* 6-7 drops isoAmOH. Shake. Red alcoholic 
layer. Sensitivity: 2.5 fig. Interference: MnOf, H 2 0 2 , Cu, Au, Fe(NaOH), Ru, 
Sn(II) (all may). Mo, YV, Ti(NaOH + HAc 4- BaAc 2 ). 

\^,.Zihc. Dithizone(TT). 1 drop test solution (pH 4.0-5. 5) 4* 2 drops 10% Na 2 S 2 0 3 4* 
1 drop 2 M NH.(CN 4- 5 drops 0.002% reagent solution in CClt. Red CC4 layer. 
Sensitivity: 0.06 fig. Interference: Cd, Sn(II), Pb, As(III). 

Zirconium. AlizarinS(SP). 1 drop slightly acidic test solution -f- 1 drop 1% reagent 
solution + 1 drop cone. HCl. Red ppt. Sensitivity: 1.0 jug. Interference: F~. 

Detection of the Anions 

"Acetate. La(NO : i) 3 + h(SP). 1 drop test solution + 1 drop 5% La(N0 3 ) 3 -f- 1 
drop 0.01 N I 2 in KI + 1 drop 1 iVNH 3 . Blue color. Sensitivity: 15 fig. Propionate 
gives same reaction. Formate, butyrate, valerate, lactate do not interfere. 

Arsenate. See Arsenic. 

Arsenite. See Arsenic. 

•Borate. Turmeric(FP). 1 drop slightly HCl lest solution on filter paper impregnated 
with reagent (heat 20 g. reagent with 5 ml. EtOH, filter and dilute with 50 ml PRO) 
and dried. Dry at 100°C. Add 1 drop 1% NaOH. Red-brown which turns greenish- 
black with NaOH. Sensitivity: 2.5 jug. Interference: Zr(IV). 

Bromate. MnSOi + H°SOi(TT). 1 drop test solution 4- 1 drop 2% MnSO. t acidi- 
fied with H 2 S0 4 . Heat 2-3 minutes on water bath. Cool and add 2-3 drops H Ac— 
benzidine reagent. (0.05 g. benzidine in 10 ml. HAc, diluted to 100 ml. and filtered) 4- 
few crystals NaAc Blue color. Sensitivity: 20 M g KBrO,. Do not interfere: CIO? 
and IO3 . Not selective. 3 
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Bromide. Fluorescan(FP)- In test tube place 1 drop test solution + solid Pb0 2 4* 
5 drops 2 N HAc. Over test tube place filter paper impregnated with saturated solution 
of dye in 1:1 EtOH. Heat. Red color. Sensitivity: 2 Mg- Interference: l - , reducing 
ions as S“, S 2 03“, CN - , 5CN . ... 

Bromine (and Hypobfomite). Fluoresccin(FP), 1 ml. lest solution in test tube covered 
with filter paper (negative I 2 test) impregnated with 0.1% reagent in slightly basic 1:1 
EtOH Pink color. Sensitivity: 1 Mg Interference: S"(HAc), S 2 0 3 “, CN ,SCN . 

Carbonate. j\fagC0a + Phtnolpkthalnn(TT). 1-2 drops test solution (or solid) 4- 
3 drops 2 A r H 2 SO< Collect C0 2 gas in 1 diop red reagent solution (1 ml. 0.1 <VNa 2 CO a 
-f 2 ml. 0.5% alcoholic phenolphthalein in 10 ml. H 2 0.) Red color decolorized. Run 
blank. Sensitivity: 4 Mg On 2 drops test solution). Interference: CN"(Ag + ), S“, SOs", 
S 2 Oj“(alI H 2 0 2 ), F - (ZrCl«), N0 2 - (aniIine HC1), Ac - . 

Chlorate. MnSO t + Hz PO*(C). 1 drop test solution + 1 drop reagent solution (equal 
volumes saturated aqueous MnSO« and syrupy H3PO4). Heat and cool. Violet color. 
If color is inconclusive, «idd 1 drop 1% alcoholic diphenylcarbazide. Sensitivity: 0.05 
Mg. Interference: S 2 OiT(evaporaic with H2SO4 4* AgN0 3 ), IO4", CIO - , BrOj - , 
IOj- N0 2 ", Fe(CN)««“, Fe(CN)e a “. 

Chloride. As CrOjClf + diphenylcarbaztde(SP). Evaporate test solution to dryness. 
Residue + solid K 2 Cr 2 C>7 4* 1 drop cone. H2SO4. Heat and collect vapor in 1 drop 
H 2 0 (avoid contact with reagent). To this drop on spot plate add 1 drop 1% alcoholic 
diphenylcarbazide 4- 1 drop 2 N H2SO4. Red to violet color. Dilution limit: 1 : 10,000. 
Interference: Br - , BrO - > Br03 - (all 4* phenol), F“, N0 2 - , NO3 - . 

Chlorine (and Hypochlorite). Aniline 4- Phcnol(TT). 1 ml. test solution 4* 5 drops 
1 N NaOH 4- 0.5 ml. saturated aqueous aniline 4- 5 drops 5% aqueous phenol. Blue 
color. Sensitivity: 30 Mg. Interference: Br 2 , BrO“(brown), S", S 2 Oj“, SCN", 
Fe(CN)* 1 -, S 2 O s “. 

Chromate. Diphenylcflrbaade(SP). 1 drop lest solution 4“ 1 drop cone. H2SO4 (if 
Mn04 - present, add NaN3 to decolorize) 4* 1 drop 1% alcoholic reagent solution. 
Blue-violet color. Sensitivity: 0.3 Mg K-iCtOi. (See also Chromium.) 

Cyanide. CuAcf + benzidine(FP). Heat test solution slightly in test tube and add 
solid NaHCO-i. Collect gas on filler paper impregnated with 1 drop 3% CuAc 2 solu- 
tion and 1 drop 1% benzidine in 10% HAc. Blue color. Dilution limit: 1:20,000. 
Interference. Cl 2 , Br 2 . 

Cyanide . CuS(FP) . Dvp fttes paper in soWnon oS \ g. CuSO ^ per Viler and Ary . 
Immediately befoie use, expose to H2S. To brown paper add 1 drop test solution. White 
spot Sensitivity: 1.25 mS- Test may be used in presence of ferro- and ferricyanide, I — , 
Cl - , Br - , SCN - . 

Ferricyanide. Benzidine acelate(SP). 1 drop neutral test solution 4- 1 drop 2 iV HAc 
saturated cold with benzidine. Blue color or precipitate. Sensitivity: 1 Mg* Interfer- 
ence: Many oxidizing agents. Useful only to detect ferricyanide in presence of fer- 
rocyanide (PbAc 2 ). 

Ferricyanide. FeSOt- Blue color or precipitate. Fcrrocyanide interferes. 

Ferrocyanide. FeCkiSP). 1 drop HC1 test solution 4- 1 drop 1% FeCl 3 . Blue color. 
Sensitivity: 1.3 Mg- Interference - 1”, SCN - (capillary separation on filter paper). 

Fluoride. Zr-Ahzann Lake[SP). 1 drop test solution 4- 1 drop 0.1 % HCl 4- 1 drop 
reagent (mix equal volumes 0.17% alizarin S and 0.87% Zr(N0 3 )* and dilute 1 :5 with 
H 2 0). Pink color, fades to yellow. Sensitivity: 0.1 pg. Interference: Ce(IV), VO3 - , 
and large amounts SOi”** Al, Ce(III), Be, Th, and large amounts Si and S'” may inter- 
fere. 
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"lodate. KSCN{FP). 1 drop 5% KSCN on starch paper + 1 drop acidic test solu- 
tion. Blue color. Sensitivity: 4 Mg NalOa. 

Iodide. Starch(SP). 1 drop acidic test solution + 1 drop starch solution ■+- 1 drop 
10%KNO->. Blue color. Sensitivity: 2.5 Mg- Interference: CN (H+ + heat). 

Iodine. Starch(SP). 1 drop test solution + 1 drop 1% soluble starch solution. Blue 
color. Sensitivity: 0.3 Mg- Interference: Br 2 , Cl 2} CN (NaHC0 3 T heat). 

Molybdate. See Molybdenum. 

Nitrate. Zn + 1 -naphthylamine + sulfanilic acid(SP). 1 drop neutral or HAc test solu- 
tion -f- 1 drop sulfanilic acid solution (1 g. reagent in 100 ml. 30% HAc with heat) T 
1 drop 1 -naphthylamine solution (boil 0.03 g. reagent with 70 ml. H 2 0 and decant cleai 
solution into 30 ml. glacial HAc) + few mg. Zn dust. Red color. Sensitivity: 0.05 Mg- 
Interference: N0 2 — (NaN 3 and boil). 

Nitrite. 7 -Naphthylamine + sulfanilic acid(SP). 1 drop neutral or HAc test solution + 
1 drop sulfanilic acid reagent (see Nitrate) + 1 drop 1 -naphthylamine reagent (see 
Nitrate). Red color. Sensitivity: 0.01 Mg- Interference: strong oxidizing agents, 
Fe(III) (tartrate). 

Periodate. Tetrabase + MnSO\{SP). 1 drop test solution + 1 drop 10% MnCl 2 
solution -f- 1 drop saturated tetrabase in 2 N HAc. Blue color. Sensitivity: 0.5 Mg- 
Interference: S-iOs” (heat with AgN0 3 ). Not selective, but C10 3 ~, BrO ;! ~, and IO ;t - do 
not interfere. (See also, Chlorate). 

Permanganate. Purple color. 

Perrhenate. See Rhenium. 

Persulfate. Benzidine(SP). 1 drop neutral or slightly acidic test solution -f- 1 drop 
2% reagent in dilute HAc. Blue color. Sensitivity: 1 Mg- Interfere: CrO^, MnOf, 
Fe(CN)fi 3 '", hypohalites. Do not interfere: alkali peroxides, perborates, and H 2 0 2 , 

cio-r, cio 4 - , Bro-r, io 3 - Nor- 

Phosphate. (A0F/ 4 ) 2 A/oO 4 -f- Benzidiue(FP). 1 drop acidic test solution + 1 drop 
molybdate solution (5 g. (NH-O-jMoO.! in 100 mi. H 2 0 added to 35 ml. 6/V HNO»). 
+ 1 drop benzidine solution (0.05 g. benzidine in 10 ml. glacial HAc and diluted 
to 100 ml. with H 2 0). Expose to NH 3 gas. Blue color. Sensitivity: 1.5 pg P 2 05. In- 
terference: Si0 3 “(HCl or tartaric acid), As04 3- (H-*S or tartaric acid), Ge0 3 “, S“, 
S 2 0 3 =, Fe(CN) 6 4 -, H 2 0 2 , C 2 0.r, F“(Be ++ ). 

Selenate. See Selenium. 

Selenite. See Selenium. 

Silicate. (NHi)oMoOi -f- SnCl-’(SP). Solid sample + NaF T 2-3 drops cone. 
H2SO4 in platinum crucible. Warm and collect SiF.| in 1 drop 2 N NaOH (freshly pre- 
pared). Add 2 drops 10% (NH 4 ) 2 Mo0 4 and acidify with 4 N HAc. Add 3 drops 5% 
SnCl 2 in 2.5 N HC1. Add excess NaOH (freshly prepared) to dissolve Sn(OPI) 2 . Blue 
color. Dilution limit: 1:10,000. Only H 3 BO l3 interferes. Remove by heatinc with 
MeOH. 0 

Sulfate. BaCl-i + KMnO,\{TT). 1 drop test solution + 1 drop 1% KMnOi + 1 
drop 1% BaCl 2 + 2-3 drops H 2 0 2 (or oxalic acid) to decolorize solution. Deep purple 
precipitate. Sensitivity: 3 Mg- Interference: CIO - , CN - , CNO - , SCN - , Fe(CN)/~, 
Fe(CN) 6 4— . Precipitation of Ba salts prevented by HAc. 

Sulfide. NaN-i + / 2 (IFG). 1 drop test solution + 1 drop reagent (3 g. NaN :t in 100 
ml. 0.1 N I-»). Immediate evolution of tiny bubbles of gas. Run blank. Sensitivity 
0.3 Mg. Interference: SCN - , S 2 0 3 “, Se = , Te“. 

Sulfide. Nitroprusside (SP) . 1 drop basic test solution + 1 drop 1% aqueous sodium 
mtroprusside solution. Purplish-red color. Sensitivity: 1 jug. Selective test. SON 
S 2 0 3 - , S0 4 - do not interfere. 
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Sulfite. Ni troprusside (SP). 1 drop saturated Zn(NOj )2 + 1 drop 1 A r K 4 Fe(CN ) 5 -f- 
1 drop 1% aqueous sodium ni troprusside solution + 1 drop neutral test solution. White 
precipitate turns red. Sensitivity: 3.2 ng. Interference: S“ in basic solution, violet color. 
SOr. S 2 Or do not interfere. 

Tellurate. See Tellurium. 

Tellurite. See Tellurium. 

Thiocyanate. FeCitiTT). 0.1 ml. test solution (acidified with 2 A r HC1) *f- 1 drop 
1% FeCh Red color. Sensitivity: 1 /ig. Interference: with F“, PO 4 3 ", C 2 0 4 “, tar"' 
trate, and citrate, use excess FeCl?. I", Fe(CN) B 3 ~ and Fe(CN) fi 4 ” (both of latte r'» 
CdS0 4 ). 

Thiosulfate. NaNi + / 2 ( same as S“ lest). Interference: S“, SCN“, Te”, Se“. 

Tungstate. See Tungsten. 

Vanadate. See Vanadium. 



DIVISION OF THE ELEMENTS 
INTO ANALYTICAL GROUPS 


One of the oldest and most useful of the methods used to separate ions as a 
preliminary to their identification by qualitative tests is based on the division of 
the elements into analytical groups. The scheme in which hydrogen sulfide is 
used as a precipitant is perhaps the best known and is in many ways the most 
useful of the various methods that have been proposed. Using the group re- 
agents of this scheme, a large number of highly important and uselul separations 
can be effected. 

The analytical groups and the elements of which they are composed are as 
follows: 

I. The Hydrochloric Acid Group 
Lead, mercury(I), silver, thallium(I). 

II. The Hydrogen Sulfide Group 

Antimony, arsenic, bismuth, cadmium, copper, germanium, gold, iridium, lead, 
mercury, molybdenum, osmium, palladium, platinum, rhenium, rhodium, 
ruthenium, selenium, silver, tellurium, tin. (Partially: thallium.) 

A. Elements whose Sulfides are Insoluble in Acids and in Solutions of Alkali 
Sulfides: Bismuth, cadmium, copper, lead, mercury, silver. (Entirely or 
partially: osmium, palladium, rhodium, ruthenium.) 

B. Elements whose Sulfides are Insoluble in Acids but are Soluble in Solutions 
of Alkali Sulfides: Antimony, arsenic, germanium, molybdenum, rhenium, 
selenium, tellurium, tin. (Entirely or partially: gold, iridium, platinum.) 

III. The Ammonium Sulfide Group 

Aluminum, beryllium, chromium, cobalt, gallium, indium, iron, manganese, 
nickel, niobium, rare earths, scandium, tantalum, thallium, thorium, titanium, 
uranium, vanadium, zinc, zirconium. 

A. Elements whose Sulfides are Soluble in Acids: Cobalt, gallium, indium, iron, 
manganese, nickel, thallium, uranium, vanadium, zinc. 

B. Elements that Form Hydroxides or Basic Compounds: Aluminum, beryl- 
lium, chromium, niobium, rare earths, scandium, tantalum, thorium, ti- 
tanium, zirconium. 

IV. The Alkaline Earths and Magnesium: The Ammonium Carbonate Group 

Barium, calcium, magnesium, radium, strontium. f 

V. The Alkali Metals: The Soluble Group 

Cesium, lithium, potassium, rubidium, sodium. 
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OUTLINE OF A METHOD 
FOR THE DETECTION 
OF ALL METALLIC ELEMENTS 


The following method of analysis 2 3 is based largely on the scheme devised by 
Noyes and Bray,* and has been adapted from the tables prepared by Treadwell 
and Hall . 4 The method is taken in its entirety from this source, but the form of 
the tables has been altered. It provides for the detection of all metals except 
certain rare earths, which are merely separated into groups. 

One of the principal functions of these tables is to provide a method for the 
separation of the various metals from all interferences. In recent years numerous 
selectue reagents have been described which permit the detection of traces of the 
elements with quantities of unknowns ranging down to one drop or less. A num- 
ber of these are described in the section on Spot Tests (page 53). Many of these 
tests, however, are subject to interference, but when applied in conjunction with 
the following scheme, most qualitative problems are rather easily solved. 

Table 3-1. Preparation of the Solution 

1. Removal of Organic Matter. If organic matter is present, oxidize it as follows: Take 
enough finely divided material to furnish about 1 g. of inorganic ash, cover it with 5 ml. 
of 9 N HCIO 4 in a small casserole, and heat on the steam bath (not over a free flame). As 
soon as the liquid is hot, add cautiously, a drop at a time, 1 ml. of concentrated HNOi- 
Add more HNO 3 gradually (1-3 ml.) until no more nitrous fumes are evolved. Then 
heat the covered casserole on. wire gauze over a small flame until fumes of HClOt are 
evolved. If a charred mass remains, cool, add 2 ml. more of HNO 3 , 3 ml. of HCIO 4 and 
again evaporate, finally reducing the volume to 1-2 ml. If the organic matter is oil or 
fat, extraction with an organic solvent, such as ether, is better. 


2. Treatment with HBr and Br 2 . Take 1 g. of finely divided material, or the liquid ob- 
tained in (1), and transfer to a 50-ml. round-bottomed flask. Insert a stopper carrying a 
thistle tube which reaches nearly to the bottom of the flask and a reflux tube 60 cm. long 
and of 0.8 cm. bore, extending to the bottom of the stopper. Connect the top of the re- 
flux tube by delivery tubing with two right-angled bends leading to a test tube containing 
5 ml. of saturated Br 2 water. Add slowly through the thistle tube 10 ml. of 9 A HBr and 

2 This section consists of a series of tables. 

3 Noyes, A. A., and Bray, W. C., Qualitative Analysis of the Rare Elements, Macmillan, 
New York, 1927. 

* These tables aie adapted from Treadwell, F. P., and Hall. W. T., Analytical Chemis- 
try, \oI. I, 8 th Ed., John Wiley and Sons, Inc, New York, 1932, with permission of the 
copyright owners. 
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boil gently for 10 minutes. If the liquid in the test tube becomes colorless, add 10 drops 
of liquid Br* from time to time. This treatment with HBr dissolves most substances. If 
a residue remains, cool to 50°, add 0.5 ml. of Br 2 to the contents of the flask and heat 10 
minutes on the steam bath, adding more Br 2 if necessary. Cool to 20° and filter through 
an ashless paper if a residue remains. Treat the residue by (3) and the solution by (4). 
For the above treatment with HBr and Br 2 , ground glass connections are desirable. 


3. Decomposition of Silicates. Removal of SiF( and BF :! . Transfer the residue from 
(2), and the ash of the filter, to a small casserole and evaporate to dryness with 2 ml. of 
concentrated HNO3 to remove all halogen. Transfer to a platinum dish or crucible, 
evaporate to dryness, add 3—10 ml. of 27 iV HF and heat over an air bath for 15 minutes. 
Then add 3 ml. of 9 N HCIO4, 2 ml. of concentrated HNO3 and heat to fumes of FICIO4. 
If an alkaline earth or rare earth fluoride dissolves slowly, heat 10 minutes longer with a 
little more HCIO4. Finally evaporate nearly to dryness and rinse into a small distilling 
flask with 2-3 ml. of water, as described under (4). 


4. Distillation with HBr. Volatilization of SeBr^, GeBr.j, and AsBr 3 . Fuse some tub- 
ing to the side-arm of a small distilling flask and bend it so that the interior angle is 
about 35°. Transfer to this flask the solution obtained in (2) and the mixture obtained in 
(3). Distill carefully into the test tube and Brj used in (2), keeping the latter chilled by 
ice around the tube. When the liquid in the flask has been reduced to 3 ml., it can be 
assumed that all Se and nearly all of the Ge and As have been expelled as bromides, the 
AsBr3 being converted to H3ASO4 by the liquid in the receiver. Examine the distillate 
by Table 3-3 and the residue in the distilling flask by (5). Osmium and ruthenium do 
not volatilize as oxides by this treatment because the HBr serves to keep these elements at 
a valence lower than eight. 


5. Distillation with HNO3 and HCIO4. Volatilization of OsO^ and RuO.|. Cool the 
residual mixture in the distilling flask and add 4 ml. of 16 N HNO3 and 3 ml. of water. 
Distill off all Br«, catching the distillate in a test tube containing 10 ml. of 6 A' NaOH 
kept cold by immersion in ice water. After the Br 2 is removed, carefully add Na 2 0 2 to 
the cold contents of the test tube until the liquid is colorless or about 1 g. of the powder 
has been used. Then continue distilling until only 4 ml. of liquid is left in the flask. A 
yellow or orange distillate shows that Os is probably present. In this case, add 2 ml. of 
water to the contents of the flask and again reduce to 4 ml. If the distillate is colored, add 
to it 2 ml. of alcohol and filter after 5 minutes. This serves to precipitate any Ru that 
may have distilled over. Filter and introduce H 2 S. A black precipitate of Os>S a shows 
Os to be present. Now, to recover RuO^, add 5 ml. of 9 N HCIO4 and distill carefully 
till the volume is reduced to 3 ml., catching the distillate in 12 ml. of 6 N NaOFI which 
changes Ru0 4 to Na 2 Ru0 5 . This yields an orange to dark red solution. If a red pre- 
cipitate of HgO is formed, as sometimes happens when much Hg is present, filter it off 
using an asbestos filter. If the distillate is colored, add 2 ml. more of 9 jV FICIO4 to the 
flask and distill again to a volume of 3 ml. To the distillate add 2 ml. of alcohol : a black 
precipitate is Ru. Treat the residue in the flask by (6). 

If Os and Ru are not likely to be present, this procedure can be shortened by merely 
adding 4 ml. of 16 N HNO3 to the residual mixture from (4), evaporating off half the 
solution, adding 5 ml. of 9 N HCIO4 and distilling to 3 ml. In this way the HBr is re- 
placed by HCIO4, which is advantageous for the next treatment. 



66 DETECTION OF THE CATIONS AND ANIONS 

Table 3-1. (Continued) 

6. Precipitation of W, Ta, and Au groups. Partial removal of alkalies. To the cold 
residue in the distilling flask, add slowly 10 ml. of 12 N formic acid and boil under a 
reflux condenser for 15 minutes. Filter while hot through a hardened, ashless filter and 
wash with a little hot water. Treat the residue by (7). Evaporate the filtrate to about 
10 ml. and cool. Examine any precipitate for K, Rb, and Cs as described in Table 3-12, 
and the solution by Table 3-7 . 


7. Extraction of the W and Ta groups. Treat the first residue obtained in (6) in a 
platinum or plastic dish with about 10 ml. of 27 N HF and heat 10 minutes on the steam 
bath. Filter through a hardened filter in a plastic funnel and catch the filtrate in a 
platinum dish. Wash thoroughly. Treat the residue by (8) and examine the filtrate 
for the W and Ta groups by Table 3-4. 


8. Treatment with hot sodium carbonate solution. All insoluble fluorides except 
ThF4 and some CaF 2 , together with any BaSOi, are converted quite completely to car- 
bonates by this treatment which consists in boiling the residue from (7) with 50 ml. of 
3 N NaiCCh to which 10 g. of solid Na 2 C0 5 are added as soon as the solution is boiling. 
Boil 15 minutes under a reflux condenser. Filter and reject the filtrate. To the well- 
washed residue, add 10 ml. of 3 iV HCIO4, treat the resulting solution by Table 3-8, 
testing especially for Pb, Ca, Sr, and Bi. Treat the residue by (9). 


9. Extraction of the Au group and Ag. Cover the residue from (8) with 9 ml. of 16 AT 
HNO3 and 3 ml. of 2 N HC1 and heat 10 minutes on the steam bath. Evaporate nearly 
to dryness, add 12 ml. of water, boil, and filter. Analyze the filtrate by Table 3-6. 
Digest the residue with 10 ml. of warm, 15 ATNFUOH and filter. Boil off most of the 
NHa and test lor Ag with HC1. Examine the last residue by Table 3-2. - 


Table 3-2. Treatment of Material Unattacked by Treatment of Table 3-1 

1. Residue from Table 3-1, 9. If the residue is nonmetallic, it is likely to contain oxides 
of Al, Cr, Ti, and Sn; phosphates of Ti, Zr, Th, Ce, and other rare earths, an unde- 
composable silicate, sulfates of Ba and Cr, fluorides of Th and Ca, metallic Ir and Rh, C. 
Fuse a nonmetallic residue with 10 g. of K 2 S 2 0 7 in a silica crucible for 20 minutes. 
Loosen the melt and reduce it to powder with mortar and pestle. Digest with 25 ml. of 
cold water for some time, filter, heat the residue with 10 ml. ofl2 N HC1, evaporate to 
1 ml., add 5 ml. of water, filter and unite the filtrate with that just obtained. Examine 
the residue by (2) and the united filtrates by (8). If the residue from Table 3-1 is metallic, 
fuse with Na 2 Q 2 as described below under (6). 


2. The residue may contain Pb, Ba, Sr, Ca, and Cr as sulfates; Si, W, Ta, and Nb as 
oxides, metallic Ir, unattacked silicate or Sn0 2 . Treat with HF by Table 3-1 , 7. Exam- 
ine the residue by (3) and the solution by (4). 


3. Residue from 2. The residue may contain Ba and Cr as sulfates ; Pb, Sr, and Ca as 
fluorides, unattacked silicate, metallic Ir or Sn0 2 . Boil with Na 2 C0 3 as in Table 3-1 , 8. 
Filter and reject the filtrate. 
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4. Solution from 2. Test for YV, Ta and Nb as described in Tables 3-4 and 3-5. 

5. Residue from 3. The residue may contain Pb, Ba, Sr, and Ca as carbonates, Cr as 
hydroxide, a silicate, metallic Ir or Sn0 2 . Treat with HG10.J as in Table 3-1 , 8. 

6. Residue from 5. Cr,(SO.,) ;1> silicate, Sn0 2 , Ir. Metallic residue from Table 3-1 of 
Pt metals and alloys. Fuse with 5 g. of Na 2 0 2 in a nickel crucible, gradually raising the 
temperature and heating the bottom of the crucible 1 5 minutes at dull redness. Cool, 
extract with 30 ml. of cold water, remove the crucible and decompose excess Na 2 0 2 by 
boiling. Neutralize with 12 N HC1 added in small portions while cooling. Add 1 ml. of 
alcohol and 2.5 ml. more of HC1. Heal on the steam bath. If a residue remains, filter, 
digest it 10 minutes with 5 ml. of 12 A r HC1 and 1 ml. of 1 5 A r HNO ;) , evaporate to small 
volume, add water and unite with the main solution without filtering. Cool, saturate 
with H 2 S in a 100-ml. pyrex bottle, stopper and heat in water for an hour. Cool, open 
the bottle, add more PI 2 S if necessary and heat again. Filter and analyze the filtrate for 
the Al, Ni, and rare earth groups, remembering that Ni comes from the crucible. Trans- 
fer the HoS precipitate to a flask and treat by Table 3-1, 2, without filtering, and then by 
Table 3-1 , 4. Analyze the distillates by Table 3-3, and for Os and Ru. Treat the resid- 
ual liquid by Table 3-1, 6, and the filtrate obtained here for Ag and the Cu-Te groups. 
Follow by Table 3-1,7 and 9 etc., repeating the Na 2 0 2 fusion. If there is a residue, dry 
it, treat by (8) and combine any H 2 S precipitate with the main precipitate. Reject the 
filtrate. 


7. Solution from 5. Test for Pb, Ba, Sr, and Ca in the usual way. See Table 3-11. 


8. Filtrate from 1. Adjust the acidity as described in Table 3-8, 1. Saturate with H 2 S 
and filter. 


9. Precipitate from 8. Sulfides of Se, As, Sb, and Sn-, Te and Cu groups. Treat with 
HBr as in Table 3-1 , 2 and 4 and test the distillate for Se and As by Table 3-3. 


10. Residue from 9. Evaporate with HNO ;( and HClOi, boil with 12 jY FIC0 2 H as in 
Table 3-1, 5 and 6. 


11. Residue from 10. Oxides of Sn and Sb. Treat with 10 ml. of 12 N HC1, dilute 
with water to 55 ml., heat, and saturate with H 2 S. Filter. 


12. Precipitate from 11. Sb 2 S;j. Dissolve in 5 ml. concentrated HCl. If not clear, add 
5 ml. water and filter. Reject residue. Evaporate filtrate to 2 ml., cool and add metallic 
tin. Let stand 10 minutes. A black residue, insoluble in NaBrO, is antimony. 

13. Filtrate from 11. Add 4 ml. concentrated NH.iOH and saturate with PI 2 S. Let 
stand 10 minutes. If no precipitate forms, tin is absent. If a precipitate forms, evaporate 
(without filtering) to 15 ml. Add powdered Sb and boil gently 2 minutes. Filter, and 
add 2 ml. HCl and a little HgCl 2 solution. A white or gray precipitate indicates Sn. 

14. Filtrate from 9. Treat with H 2 S and examine the precipitate for the Te and Cu 
groups by Table 3-8. 
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15. Filtrate from 8 . Analyze for Tl and according to Tables 3-7 and 3-10. In Table 
3-10, 3, test the FeCl 2 for Tl, after removing GaClj, by adding 2-3 ml. of A r KI solution. 
A yellow precipitate is Til. 


Table 3-3. Analysis of the Selenium Group 
Distillate from Table 3-1, 4, containing SeBr <( H 3 AsC> 4 , and GeBr< in solution with HBr 
and Br 2 . 

1. Precipitation of Se. To the solution add NajS^Os dropwise, keeping the liquid cold, 
until the excess Br 2 is almost but not quite removed. An excess of sulfite must be avoided 
as it yields S with H-S. Add 1 ml. of 3 3/ NH-<OH'HCl solution and heat 5 minutes 
without boiling. If much precipitate forms, add more hydroxylamine salt. Cool and 
filter. 


2. Precipitate from 1. A red precipitate which darkens on heating is Se. The precipi- 
tate often forms veiy slowly. 


3. Filtrate from 1. Saturate the filtrate from (1) with H 2 S using a stout bottle, and heat 
the stoppered bottle in boiling water. Cool, add more HjS and filter after 10 minutes. 
Wash the precipitate with a little 6 A r H 0 SO 4 saturated with H 2 S. Reject the filtrate. 


4. Precipitate from 3. Treat the precipitate of As 2 S 5 , AsjSs, S and GcS 2 with about 10 
ml. 6 N NH4OH thereby forming (NHO3ASO4, (NH4)aAsS4, (NI^sGeOa, (NH4)jGeSj, 
etc. To the solution in a platinum or plastic dish add two-thirds as much 27 N HF 
as there was used of NH4OH. Cool and saturate with H 2 S. Filter into a platinum dish. 


5. Precipitate from 4. As 2 S 6 , As 2 Sj. To the As precipitate add 4 ml. of 6 M NH 4 OH 
and 3 ml. H 2 O 2 . Heat to boiling and filter. Discard any residue. To the filtrate add 
3 ml. of magnesia mixture, cool and stir vigorously. A white precipitate of MgNH 4 AsC >4 
indicates As. This is confirmed as follows: Filter., wash^ and to the ptecipixale add Ae,NQ* 
solution and HAc. A red precipitate of AgjAsC^ forms if As is present. 


6 . Filtrate from 4. To the filtrate containing H 2 GeF 6 , add 5 ml. of concentrated H 2 SO 4 , 
evaporate to fumes, cool, and pour into 25 ml. of water. Saturate with H 2 S and filter. 
Reject the filtrate. 


7. Precipitate from 6 . White GeSj. Dissolve the well-washed precipitate in 3 N 
NH4OH and evaporate the solution to dryness in platinum. Add 1-3 ml. of HF solu- 
tion and heat to boiling. Filter if not clear. Evaporate the solution of H 2 GeF 6 to dry- 
ness, add 10 drops of HF and the same quantity of 6 N K 2 C0 3 solution and 1 ml. of 
water. Heat to boiling and let stand 1 5 minutes. A greyish-white precipitate of K 2 GeFe 
show’s Ge to be present. 
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Table 3-4. Separation of Tantalum and Tungsten Groups 
Analysis of the Tungsten Group 

t. Separation of W and Ta groups. To the HF solution of Table 3-1, 7, add 2 ml. of 
concentrated H 2 SO .1 and evaporate to dense fumes. Cool, carefully add 5 ml. of water, 
and transfer to a pressure bottle. Make ammoniacal, add 10 ml. of fresh, 6 N (NH.()sS 
solution, stopper the bottle, place in a dish of water, and heat the water to boiling. Add 
more (NH.|)-’S if necessary and heat for 30 minutes with occasional shaking. Cool, filter, 
and wash with hot water. If the residue is orange or brown in color, or is very large, heat 
it with 3 N NH. 1 OH, filter, and add the filtrate to that just obtained. 


2. Residue from 1. TiO<, Ta 2 0 5 , Nb.0 5 , Ti and Zr phosphates or vanadates, 
BijSs. Examine by Table 3-5. 


3. Filtrate from 1. Pour the ammoniacal solution of thio salts very slowly, while stir- 
ring, into 40 ml. of 6 N H 2 SO 4 . Filter through asbestos in a Gooch crucible, wash with 
hot water, and dry at 100-125°. 

4 . Precipitate from 3. Place the dried sulfides of Sb, Sn, VV, Mo, Te, and V in a com- 
bustion tube and heat in a stream of H 2 S at 500-600° for 30 minutes. Cool in an at- 
mosphere of H 2 S. Treat the residue and sublimate with 10 ml. of 12 A 7 FI Cl as described 
in Table 3-2, 1 1 , testing the resulting solution for Sb and Sn as there described. Examine 
the residue by ( 6 ). 


5. Filtrate from 3. When PI 3 PO, is present, sometimes nearly all of the W is found in 
the filtrate from 3, but in the absence of H 3 PO 1 it is precipitated for the most part as 
WS 3 . Test one-tenth of the solution for phosphate with (NFIjLMoOi, and if a yellow 
precipitate is obtained, evaporate the remainder of the solution to dense fumes, add 
cautiously 1 ml. of 16 A T PINO 3 , and fume again. Add 1 ml. of 12 A r HC1 and evaporate 
just to dryness. Add 3 ml. of SnCl 2 and heat. Add 3 ml. of 12 A r HC1 and heat again. 
An intense blue color shows W to be present. 


6 . Residue from 4. WS 2 , M 0 S 2 , Te, V 2 S 3 , asbestos. Dissolve in a mixture of equal 
parts 12 A r HC1 and 16 A r HNO 3 , evaporate nearly to dryness, add 5 ml. of 6 A r NH 4 OH, 
heat and filter off the asbestos. Evaporate just to dryness, add 10 ml. of 12 A r HCI, heat 
10 minutes on the water bath, evaporate to dryness again, take up in 40 ml. of 2 A r HCI, 
boil gently and filter. Examine the residue by (7) and the filtrate by ( 8 ). 


7. Residue from 6 . H 2 WO.|. Dissolve in a little 15 2/NH4OH. Evaporate almost to 
dryness, add 3 ml. of N SnCf., heat to boiling. Add 3 ml. of 12 A r FIC1, heat to boiling 
again and allow to cool. A blue precipitate of WjCVxWOa shows W to be present. 

8 . Filtrate from 6 . H 2 M 0 O 4 , H 2 Te0 3 , VOCL Dilute the solution with three times as 

much water, saturate with PI 2 S, and heat in a pressure bottle as in ( 1 ). Cool open the 
bottle, and filter. 5 1 


9. Precipitate from 8 . M 0 S 3 , Te. Dissolve by heating with 6 ml. of 12 A r FIC1 and 2 
ml. of 16 N HNO3. Evaporate to dryness, add 1 ml. of 6 A r HCI and 5 ml. of water! 
lest with 5 ml. of KCNS and 0.1 g. of metallic Zn. A red solution of MoO(CNS) shows 
Mo to be present. A black precipitate is Te. 
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10. Filtrate from 8 . V0C1 2 . Evaporate to dryness, add 2 ml. of 16 N HNOa and again 
evaporate. Add 5 ml. of 6 N NH 4 OH and saturate with H 2 S. A violet-red color shows 
V to be present. As a confirmatory test, evaporate to dryness, add a little HNO 3 , 3 ml. 
of water, and 1 ml. of Ha0 2 . A reddish-brown color of HVQ 4 indicates vanadium. 


Table 3-5. Analysis of the Tantalum Group 

1. Residue of Table 3-4, 2: TiOj, Ta 2 O s , Nb 2 0 5 , Ti(HP0 4 ) 2 , Zr(HP0 4 ) 2 , Ti(HV0 4 ) 2 , 
Zr(HV0 4 ) 2 , B 12 S 3 . Boil for 2 hours in a liter flask with 350-400 ml. of an aqueous solu- 
tion of 5 g. NajCOj and 15 g. salicylic acid. Filter through an ashless paper. 

2. Residue from 1. Ta 2 O fi> Nb 2 0 5 , Zr0 2 , Zr(HP0 4 ) 2 , Bi 2 S 3 . Treat in a platinum 
crucible with a little HF, HN0 2 , and H 2 S0 4 to remove any Si0 2 . Evaporate to dryness 
and fuse with 5 g. K 2 CC >3 and 0.1 g. KNO 3 . Leach the melt with 10 ml. of cold water, 
stirring well. Filter and wash with cold water. 


3. Residue from 2. Zr0 2 , BLO 3 . Fuse with 3 g. K 2 S 2 O 7 . Cool, extract with 20 ml. 
of water, heating till all soluble salt has dissolved. Without filtering add H 2 S, and then 
filter. 


4. Precipitate from 3: A black precipitate is probably Bi 2 S 3 . Dissolve the precipitate 
in 3 N HNO 3 , filter, and precipitate Bi(OH )3 with an excess of NH 4 OH. Filter, wash, 
and add to the precipitate a little freshly prepared NaHSn0 2 solution. An immediate 
blackening indicates Bi 


5. Filtrate from 3. ZrOS0 4 . Expel H 2 S, add 2 ml. of 2 N H 2 0 2 and 10 ml. of iVNaj- 
HP0 4 . A white precipitate is Zr(HP0 4 ) 2 


6 . Filtrate from 2. K 8 Ta 6 Oi 9 , K 8 Nb 6 0 I9 and K 2 HP0 4 . Dilute to 25 ml., saturate with 
S0 2 and heat 30 minutes while passing this gas through the solution. Filter through a 
plastic funnel. 


7. Precipitate from 6. White Ta 2 Os, Nb 2 Os. Dissolve from the filter with a little HF, 
catching the filtrate in a platinum crucible. Add a little concentrated HNO 3 , evaporate 
to dryness, add 2 ml. of HF and 0.5 g. of K 2 C 03 . Evaporate to dryness and heat gently 
until the residue becomes enamel-white, but not allowing even the bottom of the crucible 
to become dull-red. Dissolve in a little water, evaporate to 0.5 ml., add 4 ml. of water, 
heat to boiling and filter after 15 minutes. 


8 . Precipitate from 7. Greyish-white, viscous appearing 2 K 2 TaF 7 -Ta 2 C> 6 . Treat 
again by the above procedure in (7) if the appearance of the precipitate is not satis- 
factory. 


9. Filtrate from 7. K 2 NbF s O. Fume with H 2 S0 4 , add NH 4 OH, boil, make acid with 
H 2 S0 4 , and boil again. A white precipitate is Nb 2 Os. Filter, using a plastic funnel. 
Dissolve the precipitate in 2 ml. of HF, add 1 ml. of H 2 SO 4 , and evaporate to fumes. 
Cool, add dropwise 1 ml. of 6 N HCi, keeping the mixture cool. Add about 25 mg. 
of powdered zinc : a blue color indicates the presence of NbCIs. Pour the solution through 
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a zinc reductor that has been washed with 0.3 N HCi into a mixture of 5 ml. 0.2 N HgCl 2 
and 0.5 ml. of 6 N HCI. A white precipitate of Hg 2 Cl 2 confirms the presence of Nb. 

10. Filtrate from 1. Ti salicylate, HaPOi, H 3 V0 4 . Evaporate to 50 ml. Cool, transfer 
to a 200-ml. separatory funnel and add gradually 6 ml. of 18 N PI>S0 4 . Cool and shake 
with 40 ml. of ether. Treat the aqueous layer with two other 10-ml. portions of ether, 
finally discarding all the ether-salicylic acid solutions. Evaporate the aqueous layer to 
20 ml., add an excess of NaOH, boil, and filter. 


11. Precipitate from 10. TiO„>. Dissolve in a little, hot, 6 N HNOj containing a little 
H«0 2 . If the orange color of Ti0 2 * H 2 0 2 develops, add 3 ml. of 6 N PI 2 S0 4 , evaporate to 
fumes, add water, some more H 2 0 2 and some Na 2 HP0 4 . If a precipitate of Zr(HP0 4 ) 2 
forms after standing at least an hour, filter if off. To the filtrate, add powdered Na 2 SOs. 
A white precipitate of Ti(HPO.i) 2 forms if Ti is present. 

12. Filtrate from 10. Na.iV0 4 , NajPO i. Test for phosphoric acid in one-fifth of the 
filtrate with HNO3 and (NH 4 ) 2 Mo0 4 . Treat the remainder of the solution as in Table 
3-4, 10, to see if V is present here. 


Table 3-6. Analysis of the Gold Group 

1. Solution from Table 3-1, 9: Chlorides of Hg, Au, Pt, Pd, possibly Ir and Rh. If 
the solution is colorless, there is not much of these elements present except Hg. To a 
colorless solution, therefore, merely add a few drops of N SnCl 2 . A gray precipitate in- 
dicates mercury. To a colored solution, add 1 drop of 6 A 5 * 7 HCI and shake vigorously for 
1 minute with 10 ml. of pure ethyl acetate in a short-stemmed separatory funnel. Draw 
off the aqueous layer and shake it again with a fresh portion of ethyl acetate. 

2. Ethyl acetate solution from 1: HgCl 2 , AuCl; ( . Shake the second ethyl acetate solu- 
tion vigorously for 1 minute with 8 ml. of 3 N NH,jCl. Draw off the lower aqueous layer 
and shake this with the first ethyl acetate solution. Unite the two remaining ethyl acetate 
solutions. 


3. Ethyl acetate solution from 2: If the solution is yellow, AUCI3 is indicated. Evaporate 
to dryness in a small casserole and ignite to dull redness. Add 1 ml. ofl2 N HCI and a 
few drops of 16 N HNO3. Add a little water and some KI, and boil. If there is con- 
siderable precipitate, add more iodide. A red or purple precipitate is Au. 


4. Aqueous solution from 2: (NH 4 ) 2 HgCl 4 . Add an equal volume of 6 N NH 4 OH and 
a little KI. Heat and let stand 5 minutes. An orange or yellow precipitate is HgO- 


5. Aqueous solution from 1: H 2 PtCI 6} H 2 IrCI 6 , H 2 PdCl 4 , H 3 RhCl 6 . Add 5 ml. of 12 N 

HCI and evaporate nearly to dryness. Add a little water and evaporate until there is no 
odor of HCI. If the residue is colorless no Pt, Ir, Pd, or Rh is present. To a colored 

residue, add 2 drops of 6 N HCI, transfer with 1 ml. of water to a weighing bottle add 
an excess ofNH 4 Cl powder, and allow to stand half an hour in ice water. Fiber and wash 
with cold NH 4 C1 solution. 
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6. Precipitate from 5. 

Yellow crystals: (NHdzPtCU 
Black precipitate: (NH^jIrCU 
Red precipitate: both of these 

Dissolve by heating with 15 ml. of 12 N HC1 and 1.0 ml. of 16 N HNOg. Evaporate 
on the steam bath until all excess acid is removed, add NaHC0 3 solution until basic to 
litmus, cool, add a little more NaHCOs solution, a little Br* water, and heat 10 minutes 
on the steam bath. 


7. Black precipitate from 6. Ir0 2 . Test the precipitate for Ir by Table 3-8, 9. 

8. Filtrate from 6. NajPtCl 6 . Make acid with HC1, evaporate to dryness, and treat 
with NH<CI as in (5). A yellow or orange precipitate is (NH^PtCI#. 

9. Filtrate from 5: (NH^jPdCh, (NH4) 3 RhCl fl . Saturate with Clj gas in a bottle, 
stopper it, and allow to stand 30 minutes. Filter. 

10. Red precipitate from 9. (NH^PdCU. 

11. Red filtrate from 9: (NH^RhCIg. Test for Rh as in Table 3-8, 11. 


Table 3-7. Analysis of the Thallium Group 

1. Filtrate from Table 3-1, 6: Perchlorates of elements other than Se, As, Ge, Os, Ru, 
Sb, Sn, W (may be present as phosphotungstic acid) Nb, Ta, Au, Hg, Pt, and Pd. A few 
mg. of Mo (more if P is present) and Ti (more if Zr is present) may be found here, al- 
though these elements normally are found in the preceding groups. To the solution, 
add an excess of HBr, shake and filter after 5 minutes, washing with cold, N HBr. (The 
HBr used should not contain free Br 2 , which will oxidize TJ. To 9 N HBr add an equal 
volume of 12 jV HC0 2 H, 2 5 volumes of water, and boil a few minutes.) 


2. Precipitate from 1: AgBr, TIBr, PbBr 2 . Treat with hot water until all PbBr 2 and 
TIBr have dissolved, as shown by testing the filtrate with K^CrC)*. Then treat with 15 
ml, of saturated Br 2 water, which oxidizes TIBr to soluble TlBr 3 . Filter. 


3. Residue from 2: AgBr. Warm with 10 ml. ofl 5 N NH4OH with occasional stirring. 
Although AgBr is much less soluble than AgCl, this treatment serves to form sufficient 
lAg(NH 3 ) 2 ) + to give a test for Ag when the solution is acidified with HN0 3 . A yellowish 
precipitate indicates silver. 


4. Solution from 2: PbBr 2 , TIBr a . Add H 2 SO<, filter, and wash with a very little 2 N 

h 2 so 4 . 


5. Precipitate from 4: PbSO^. Dissolve the precipitate in 10 ml. of 3 N NH*Ac, and 
to the solution add a few drops K. 2 CrO* solution and 3 ml. 6 JV HAc. A yellow pre- 
cipitate of PbCrO< indicates Pb. 
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6. Filtrate from 4: T1.»(S0 4 )j. Add powdered Na-,S0 3 in slight excess to reduce the 
T1+++ to Tl + and add 2 ml. of N KI. A yellow precipitate is TIL 


7. Filtrate from 1: Analyze by Table 3-8. 


Table 3-8. Analysis of Tellurium and Copper Groups 

1. Filtrate from Table 3-7, 1: Evaporate the HClO-i solution from Table 3-7 until bub- 
bles of gas escape on removing the flame, but do not evaporate to strong fumes. Measure 
the volume and assume 9 milliequivalents of acid are present in each ml. Add 25 ml. 
of water and HC1 (or NHiOH) to make exactly 30 milliequivalents of acid present in all. 
Add 4 ml. of 3 N NHiCl, heat in a vessel immersed in boiling water, and saturate with 
H;S. Dilute with water to 100 ml., saturate again with H-jS, and let stand 15 minutes. 
Filter and wash with hot water. 

If Ir is to be tested fer, or if some Mo is unprecipitated, evaporate the filtrate to 5 ml., 
add 10 ml. of 6 .V HC1, boil with reflux condensation for 10 minutes to convert the per- 
chlorate of Ir to chloride. Cool, transfer to a 100-tnl. pyrex bottle, saturate with HUS, 
stopper, and heat in gently boiling water for half an hour. Cool, filter, and wash with 
hot water. Unite the precipitate with that obtained before. Examine the filtrate by 
Table 3-10 after adding 10 ml. 6 N NH.|OH. 


2. Precipitate from 1: Sulfides of Te, Mo, Ir, Rh, Pb, Bi, Cu, and Cd. Dissolve in 10 
ml. of 12 N HC1 and 2 ml. of 16 N HN0 3 . Evaporate to dryness. Add 6 ml. of 12 N 
HC1 and saturate the cold solution with SO-.-. Filter and reject any precipitate of Se that 
may form. The Tc is not precipitated in the strong acid solution. Add 20 ml. of water, 
saturate again with SO 2 , and heat 15 minutes in boiling water. Filter, and wash with 
hot water. 


3. Precipitate from 2: Black Te. 


4. Filtrate from 2: Evaporate nearly to dryness. Add a few drops of 16 N HNO ;! and 
evaporate to dryness on the steam bath. Add 5 ml. of 6 N HC1 and shake the cold, acid 
solution with two, 15-ml. portions of ether in a separatory funnel. Unite the ether ex- 
tracts and wash them with two 2-ml. portions of 6 ,V HC1. 


5. Ether solution from 4: MoOu, 2HC1. Evaporate to dryness on the steam bath and 
dry over a small moving flame. A dark blue residue is Mo-jOj-xMoOa. Add HC1 and 
a little HNO :i and again evaporate. Dissolve in 2 ml. of 6 A r HCI, add 5 ml. of water 
and 5 ml. of N KCNS. Add a little zinc. Decant off the solution and add H--S. A 
brown precipitate is MoS :i . 


6. Aqueous solution from 4: Evaporate just to dryness, add 1 ml. of 6 N HAc, 10 ml. 
of water, and 5 ml. of 3 N NaNO-j. Heat 5 minutes at 60-70°. Cool, add 6 N NaOH 
m 0.5-ml. portions until the solution is basic. Dilute with 20 ml. of water if a large pre- 
cipitate forms. Filter and wash with hot water. To the filtrate, add 5 ml. of N NaHCOa 
solution and, if there is any precipitate, filter through a new filter but unite this precipi- 
tate with that previously obtained. 
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7. Precipitate from 6 : Hydroxides of Pb, Bi, Cu, and Cd. Dissolve in HN0 3 and 
analyze for these elements as in Table 3-9. 

8 . Filtrate from 6 : Na 3 Ir(N 02 )e, Na 3 Rh(N0 2 ) 6 . Add 5 mi. of 12 .V HCI and evaporate 
just to dryness. Dissolve in 15 ml. of water, and add 2 mi. of 3 N Na 2 C0 3 solution. 
Heat in a water bath, cool, add 2 ml. more of Na 2 C0 3 solution and 2 drops of liquid Brj, 
shaking till it dissolves. Heat 10 minutes in boiling water. Filter and wash with hot 
'water. Reject the filtrate. 

9. Precipitate from 8 : Blue-black Ir0 2 and green Uh0 2 . Heat the precipitate in a 
small casserole with a little 9 N HBr, until it dissolves. To the residue add 2 drops of 6 
N HCI, transfer to a weighing bottle, saturate with Cl 2 , stopper, and heat at 50° for 5 
minutes. Cool, add powdered NH 4 CI as in Tabic 3-6, 5. 


10. Precipitate from 9: Black (NH 4 ):>IrCl*. 


11. Red solution from 9: (NH^RhCIe. Add 3 ml. of 15 .V NH 4 OH and evaporate just 
to dryness. To the residue add 3 ml. of 6 .V HCI, boil, transfer to a weighing bottle, and 
let stand 30 minutes. A light yellow precipitate is RhCl(NH 3 ) 6 Cl 2 . 


Table 3-9. Analysis of Coffer Group 

1. Precipitate from Table 3-8, 7: Hydroxides of Pb, Bi, Cu, and Cd. Dissolve in 2 
N HNO3, add 6 N H 2 SC>4 to precipitate lead, and evaporate to fumes of SOj. Cool,' 
pour into water, and filter. 


2. Precipitate from 1: PbS 04 . Dissolve in 10 ml. of 3 iV NHjAc, and to the solution 
add a few drops of K 2 CrC >4 solution and 3 ml. 6 .V H Ac. A yellow precipitate of PbCrOi 
indicates Pb. 


3. Filtrate from 1 : Bi, Cu, Cd. Add an excess of NH,OH, fiUcr, and wash. 


4. Precipitate from 3: Bi(OH) 3 . Treat the precipitate with a little freshly prepared 
NaHSn0 2 solution. An immediate blackening indicates Bi. 


5. Filtrate from 3: [Cu(NH 3 ) 4 I + + and [Cd(NH 3 ) 4 ]++ A blue solution indicates Cu- 
If there is any doubt, acidify a portion of the solution with HAc, and add 1 drop of 
K 4 Fe(CN)g solution. A reddish precipitate indicates Cu. 

If the ammoniacal solution is blue, decolorize with NaCN solution and treat with H 2 S. 
A yellow precipitate of CdS forms if Cd is present. 


Table 3-10. Precipitation of Al, Ni, Zr, and Rare Earth Groups 
Detection of Fe, PO 4 , and Ga 

1. Filtrate from Table 3-8, 1. Test for Fe and PO 4 . Take a small portion of the solu- 
tion, boil to remove H 2 S, add a little HNO 3 , evaporate nearly to dryness, cool, add 5 
ml. of 6 N HCI, 1 ml. of 12 N HCI, transfer to a separatory funnel and shake vigorously 
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with ether to remove FeCl 3 . GaGl 3 and riCI 3 are also removed by the ethei, but all 
other cations remain in the aqueous solution. Separate the two layers and remove the 
ether by evaporating each solution separately on the steam bath. To the residue from 
the ether solution, add a little HC1, dilute and test for Fe with KCNS. Test the evapo- 
rated aqueous layer for H 3 P0 4 with HNOa and (NH 4 )-.>Mo0 4 . 

Expel HaS by boiling the remainder of the solution from Table 3-8, add liquid Bra in 
slight excess and remove the excess by boiling. Add 4 ml. of 6 N NH 4 OH and 15 ml. 
of 3 N NH 4 Ac. Boil for 2 minutes. No precipitate shows absence of appreciable quanti- 
ties of Fe, Al, Ga, Ti, and Zr. 

Cool, add 3 N Fe(NOa)3 in small portions until the mixture is red and add 3 ml. in 
excess. Boil 2 minutes. If the precipitate does not coagulate, add 2 ml. of 6 N NHjOH 
and boil again. Filter while hot and wash with hot water. If the filtrate shows the 
brownish-red color due to Fe, add more NH 4 OH and then HAc to acid reaction, and 
boil again to effect complete precipitation. 

2. Precipitate from 1: Fe, Ga. Cr, V, W, Al, In, Zr, Ti, P0 4 , and possibly some Zn, Co, 
Ni, Be, and U if the pH value of the solution was too high, also rare earths when P0 4 is 
present. Dissolve in a little 6 N PIC1, evaporate to small volume, add 10 ml. of 6 jV 
HC1, and shake with an equal volume of ether that has been itself shaken with twice as 
much of 6 N HCl. Separate the layer and shake with another portion of ether. 


3. Ether layer from 2: FeCl 3 and GaCl 3 . Evaporate to 1 mi., add 10 ml. of 6 A r HCl, 
heat to 70°, and shake in a small flask with t ml. of Fig for 5 minutes to reduce the FeCl 3 
to FeCf>, which is not removed from aqueous solution by shaking with ether. Filter and 
reject the residue. Shake with ether again. Aqueous layer: FeCE. Reject. 

4. Ether layer from 3: GaCl 3 and possibly some FeCl 3 . Wash the ether solution by 
shaking with 3 ml. of 6 N HCl and a drop of Hg. Drain off the Fig and aqueous solu- 
tion. Evaporate off ether on the steam bath, add 5 ml. of water, 2 ml. of 6 jV NaOH to 
formNasGeOa and Fe(OH) 3 . Boil, cool, add 15 ml. of water, filter, and to the solution 
add HAc in slight excess and boil 10 minutes. A white precipitate is Ga(OH) 3 . Filter 
and pour 3 ml. of 6 N HCl through the filter. Add 5 ml. of water and 3 ml. of K 4 Fe(CN) e 
solution. A white precipitate is Ga 4 [Fe(CN) 0 l 3 . 


5. Aqueous layer from 2: Cr, V, W, Al, In, Zr, Ti, P0 4 , Zn, Co, Ni, Be, V, and rare 
earths. Evaporate with HNO.s almost to dryness, to remove all chloride, add 10 ml. 
of water and 6 N NaOH to basic reaction. Add Na20;> cautiously to the cold solution. 


6. Precipitate from 5: Zirconium group: In, Zr, Ti as hydroxides. Also rare earths, 
Co, Ni, and possibly some Zn. Analyze by Table 3-14, 1. 


7. Filtrate from 5: Aluminum group: Cr, U, V, W, Al, Be, and Zn as Na salts, also 
some Na 3 P0 4 . Analyze by Table 3-13. 


B. Filtrate from 1: Mn, Zn, Cr, Ni, U, Be, rare earths, alkaline earths, alkali metals, 
and possibly some Cr. Make ammoniacal and saturate with H-S. Heat nearly to 
boiling and filter. ' y 
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9. Precipitate from 8: Be, rare earths, and Cr as hydroxides. Mo, Zn, Co, Ni, and 
U as sulfides. Dissolve the precipitate in a little N HN0 3 , heat to boiling, and if there is 
any black residue of NiS or CoS, add a little 16 N HN0 3 and heat. Filter, evaporate, 
dilute, and treat the cooled solution with NaOH and Na 2 0 2 as in (5), filter and unite 
the filtrate with that obtained in (5). 

10. Precipitate from 9: Mn, Co, Nij Sc, Th, Cc, La, Pr, Nd, Sm, Y, Eu-Lu, and pos- 
sibly Zn. Analyze by Table 3-14, 5. 

11. Filtrate from 8: Alkaline earths and alkalies. Analyze by Table 3-11 and Table 
3-12. 


Table 3-11. Analysis of the Alkaline Earths 

1. Filtrate from Table 3-10, 11: The alkaline earth and alkali metals. Evaporate to 
dryness, and heat until no more fumes arc evolved. Cool, add 10 ml. water, and heat 
to boiling. Filter, and to cold filtrate add 15 ml. 6 N (NH 4 ) 2 C0 3 reagent and 15 ml, 
of alcohol. Add more (NH 4 ) 2 C0 3 if necessary for complete precipitation. Allow to 
stand 30 minutes, filter, wash with (NH 4 ) 2 CQ 3 reagent. 


2. Precipitate from 1: BaC0 3 , SrC0 3 , CaC0 3 , MgCOs. Dissolve in small portions of 
6 N HAc, and evaporate to dryness. Do not overheat residue. Dissolve residue by 
adding 2 ml. 6 N HAc, 10 ml. 3 NH4AC, and 10 ml. water. Heat to boiling; add hot 
3 iV K 2 Cr0 4 dropwise to complete precipitation. Boil 2 minutes and filter. 


3. Filtrate from 1: The alkali metals. Analyze by Table 3-12. 


4. Precipitate from 2: BaCr0 4 . Dissolve in 5 ml. hot 6 N HC1, evaporate solution just 
to dryness, and again treat as above with HAc, NH 4 Ac, and K 2 Cr0 4 . A yellow pre- 
cipitate indicates Ba. 


5. Filtrate from 2: Sr, Ca, and Mg. Add NH 4 OH until color changes from orange to 
yellow, and then 5 ml. more. Heat to 65°C. and add 15 ml. of alcohol. Cool and let 
stand. Add more K 2 Cr0 4 and alcohol if necessary for complete precipitation of Sr. 
Filter. 


6. Precipitate from 5: SrCr0 4 . Treat with 10 ml. boiling water, add exactly 1 ml. 3 N 
Na 2 C0 3 and 12 ml. 3 AT K 2 C 2 0 4 . Boil gently 5 minutes, and filter hot. Discard the 
filtrate. Wash the precipitate and dissolve in 5 ml. cold N HAc. Add 2 ml. N Na 2 S0 4 , 
heat to boiling and let stand 10 minutes. A while precipitate indicates Sr. 

7. Filtrate from 5: Ca and Mg. Dilute with 50 ml. of water, add just 3 ml. of 3 N 
K 2 C 2 0 4 and let stand 15 minutes. If no precipitate forms, proceed to step 9, this table. 
If a precipiate forms, additional K 2 C 2 0 4 is added if necessary for complete precipitation. 
Filter and wash with hot water. 


3. Precipitate from 7: CaC 2 0 4 . Dissolve in 5 ml. 6 N H 2 S0 4 and add 20 drops of alco- 
hol. A white precipitate is CaS0 4 . 
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9 Filtrate from 7: Mg. Add 15 ml. 15 N NHjOH and 25 ml. N Na 2 HPO.|. Cool and 
let stand 30 minutes. Filter and discard the filtrate. Wash the precipitate once with 
alcohol. Dissolve the precipitate in 5 ml. 2 N H2SO4, add 20 ml. of alcohol and stir. 
Filter and discard any precipitate. Repeat the precipitation of Mg with Na 2 HPO. t . 


Table 3-12. Analysis of the Alkali Metals 

1. Removal of NH 4 + : After removal of all other cations, evaporate solution to dryness, 
and heat with a moving flame until no more fumes are evolved. Avoid high temperature. 
Cool, add 5 ml. water and 1 drop of NH4OH. Filter, and discard any residue. 

2. Removal of SO.": To filtrate from 1, add 1-3 ml. concentrated HN0 3 and evaporate 
to dryness. Ignite residue gently. Cool, add 5-10 ml. water, and then add dropwise 
N Pb(N0 3 )2 until precipitation is complete. Let stand, filter, wash, and discard the 
precipitate. Saturate filtrate with H 2 S, heat, filter, and discard the precipitate. 


3. Removal of K, Rb, and Cs: To the filtrate from 2, add 1-5 ml. 9 N HCIO4 and 
evaporate cautiously to fumes of HCIO4. Enough reagent should be added to combine 
with all alkali metals present. Cool, and transfer to a small dry flask with four times as 
much 99% alcohol as HCIO4 used. Cool, shake, and let stand 15 minutes. Filter through 
a dry filter into a dry flask. Wash with 2 ml. 99% alcohol. 


4. Precipitate from 3: Dissolve perchlorate precipitate in a little hot water and evapor- 
ate to dryness. To the residue add 3-12 ml. A/ Na 3 Co(N0 2 )G which has been mixed 
with half as much 6 A r HAc. Allow to stand 10-1 5 minutes with stirring and filter. Wash 
the precipitate with 5-10 ml. of the reagent diluted with 10 ml. of water. To washed 
precipitate add 1 mi. 9 N NaN0 2 , evaporate to dryness, and ignite gently until effer- 
vescence ceases. Cool, and add 5-10 ml. of water. Filter and reject the residue. Add 
dropwise 6 N HAc until the solution is no longer basic to litmus. Filter. Reject the 
residue. 


5. Filtrate from 4: To the solution add one-sixth its volume of 4 A r Bi(N0 3 ) 3 in 6 N 
HAc. Shake, and let stand 15-30 minutes in ice water. Warm to 30°C. and stir fre- 
quently for an additional 5 minutes. Filter. 


6. Precipitate from 5. Cs and Rb: Dissolve precipitate in 3 ml. 6 N HC1, boil a few 
minutes, cool, and add 10 drops of 6 A / SbCl 3 in 6 N HCl. Let stand 30 minutes with 
stirring. Filter and reject precipitate. To the filtrate, add 15 ml. water and saturate 
with HoS. Filter and discard precipitate. Evaporate filtrate to dryness, add 2 ml. of 
water, again saturate with H 2 S, and filter. Evaporate filtrate carefully to dryness, cool, 
and add 5 drops of saturated NaHC4H4C>6 solution. Let stand 5 minutes with stirring, 
then add 5 ml. more of tartrate solution. Let stand 10 minutes. A white precipitate 
tsRbHC4H 4 0 6 . Filter. 1 1 


' 6: Throu o h filter containing RbHG^Oo precipitate, pour 0.5-5ml. 

A NaNQo solution. Add 3-30 drops Bi(N0 3 ) 3 reagent (4 N Bi(N0 3 ) 3 in 6 A r HAc), 
S ake ’ and let stand 30 minutes in ice water. A yellow precipitate is Rb 2 NaBi(N0 2 ) 6 . 
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8. Filtrate from 6: Add 3 ml. of M silicotungstic acid reagent. Let stand 30 minutes, 
A fine white precipitate is Cs^SiW i20«. 

9. Filtrate from 5: K. Add 1 drop 0.3 N Co(N0 2 )2 and heat to 35°C. for 10 minutes. 
Cool in ice water, let stand one hour, filter, and reject precipitate. To filtrate, add 0.5 
ml. 6 jV HAc, 2 ml. water, 0.2-2 ml. 3 iV Co(N0 2 )2. Let stand 30 minutes. A yellow 
precipitate is K 2 NaCo(N 02 ) 6 . 

10. Filtrate from 3: Li and Na. Saturate the filtrate from 3 with dry HC1 gas while 
cooling the flask in ice water. Let stand 30 minutes and filter through a small dry filter, 
Wash the precipitate with not more than 5 ml. 99% alcohol that has been saturated with 
dry HC1. At once add to the filtrate one-fourth its volume of water. 

11. Precipitate from 10: NaCl. Dissolve in 5 ml. of water, and add 1 ml. 95% alcohol 
and 5 ml. magnesium uranyl acetate reagent. A greenish-yellow precipitate indicates 
Na. 


12. Filtrate from 10: LiCl. Evaporate on a steam bath until the volume is equal to that 
of the HCIO* used in step 3 of this table. Cool, and add concentrate HNOa, very slowly, 
and dropwise, until there is no further action. Then add 1 ml. concentrated HNO 3 in 
excess and heat on a steam bath 15 minutes. Add 1 ml. more of concentrated HNOj and 
heat on a wire gauze until all HCIO* is volatilized. Finally, heat for 1-2 minutes over a 
free flame to a temperature below redness. Cool, add 3 ml. 95% alcohol and 2 drops 
concentrated NH*OH. Filter, and discard any residue. To the filtrate add 3 ml. con-* 
centrated NH*OH, heat to 35-40°C., and add 2 drops of 0.5 N NajHPO*. Shake. A 
precipitate indicates Li. 


Table 3-13. Analysis of the Aluminum Group 

1. Filtrate from Table 3-10, 7: Cr, U, V, W, PO<, Al, Zn, and Be as Na salts. Add 6 
iVHNOa, which has been freed from HN0 2 by boiling 1 minute in a test tube, until the 
solution is acid to litmus. Dilute to 100 ml. in a 250-ml. bottle, add solid NaHCOj 
until the solution is practically neutral to litmus and add 1.5 g. in excess. Add 1 ml. of 
M H 2 O 2 solution, stopper the bottle, and heat in gently boiling water for 20 minutes. 
Cool carefully and filter promptly. 


2. Filtrate from 1: NaiCrO,, Na,UO,(CO NajPOt, Na .VOi, and NasWOj. If the 
solution is colorless, do not test for Cr. If colored yellow, carefully neutralize with 6 iV 
HNOj, free from HNOs, adding 2 mi. in excess. Add 25 ml. of N Pb(NOj)s. If this 
test is omitted, add the HNO s , alone. 


3. Precipitate from 2: PbCr0 4 . Dissolve in 10 ml. of warm 1.5 N HNO 3 . To the 

rf so * utlon > add 2 ral - of ether and a little H 2 0 2 . A blue ether solution contains 
HsCrOj. 


4. Filtrate from 2l UOs(NOs),, H,VO,, HjPOtfWOs)!,, Pb(NO,)s. Saturate with H;S, 
ter on, and reject the PbS precipitate. Evaporate to about 40 ml., cool, neutralize 
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with NH 4 OH, add 5 ml. of 6 N H Ac and 1 5 ml. of N Na 2 HPO,i. Heat to boiling, filter, 
and wash the precipitate with A NH4NO3 solution. 

5 . Precipitate from 4: White U 0 2 NH 4 PO 4 . Dissolve this precipitate or the (NH. 92 U 2 O 7 
precipitate obtained in (12) in a little hot 6 N HC1, evaporate nearly to dryness, add 10 
ml. of water containing 0.5 g. of NaCl and treat with 5 ml. of K. 4 Fc(CN)g. A dark red 
precipitate or coloration is K>U 02 [Fe(CN)e]. 

6. Filtrate from 4: H3VO4, HaPO^WO;))^.. Make strongly ammoniacal and saturate 
with H 2 S. A pink or violet-red color indicates the presence of V. Make the colored 
solution acid with HNO 3 and heat. Filter off the precipitate. 

7 . Precipitate from 6 : V 2 S 4 - 5 . Dissolve by heating with 2 ml. of 16 N HNO 3 , add 3 ml. 
of water, boil and filter if necessary. Cool and add 1 ml. of H 2 O 2 solution. An orange- 
red color is due to HVO 4 . Evaporate to dryness, add 5 ml. of A r NH 4 OH and 1-2 ml. 
of N NH 4 OH which is saturated with NH 4 CI. If a precipitate forms, add 2 ml. of water 
and mix. A white precipitate is NH 4 VO 3 . 


8. Filtrate from 6: H ;i P 04 (W 0 ;j)i 2 . If phosphate was found in Table 3-10, 1, make the 
filtrate slightly ammoniacal, add 20 ml. of Mg (NO 3)2 reagent, boil, cool somewhat, 
and add 5 ml. of 15 N NH 4 OH. After an hour, filter off and reject the precipitate of 
MgNH 4 P 04 . Boil off NFI 3 from the filtrate, add 3 ml. of 16 A r HNO 3 , evaporate to 10 
ml., add 1 ml. more of HNO 3 and 5 ml. of water. Heat until all crystalline salts have 
dissolved. A white or yellow residue is probably tungstic acid. Test for VV as in Table 
3-4, .7. 


9. Precipitate from 2: Al(OH)a, ZnCC> 3 , BeCOs, (UO>) 3 (VC> 4 ) 2 . Dissolve the precipi- 
tate in 10 ml. of hot 6 N HC1, catching the solution in a small flask. Cool, add 15 ml. of 
ether, and introduce dry HC1 gas until there is no line of demarcation between the ether 
and aqueous acid, keeping the ether cold. Filter through asbestos, and wash with a 
mixture of 2 volumes 12 A r HC1 and 3 volumes of ether which has been saturated with 
HCl gas. 


10. Precipitate from 9: AKTr 6 H 2 O. Dissolve in a little HCl, precipitate with NH4OH, 
and dissolve the precipitate in 5 ml. N HCl. Add 5 ml. 3 N NH4AC and 5 ml. of 0.1% 
aqueous aluminon solution, and make basic with a mixture of NH4OFI and (NHiLCOj. 
A bright red precipitate indicates aluminum. 


11. Filtrate from 9: ZnCl-_>, BeCF, UO 2 CI 2 , V OCl>. Evaporate off the ether on the steam 
bath until the volume is reduced to 2 ml., add 20 ml. of water, and make ammoniacal. 
Heat to boiling and filter. 


iwrf reCipitate fr ° m 11: Be (° H )2> (NH 4 ) 2 U 2 0 7 , VO (OH) o. (Possibly some Zn(OH) 2 , 
A 1 (OH) 3 , Fe (OH ) 3 and H : SiO ;i .) Pour hot 6 N HAc through the filter to dissolve the 
precipitate. Evaporate the solution just to dryness, triturate the dry residue with 10 ml. 
of dry chloroform, and filter through a dry filter. 


13. Solution from 12 : BeO-3BeAc 2 . Wash the chloroform solution in a separatory 
unnel with 10 ml. of water, evaporate off the chloroform, and dissolve the basic beryllium 
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acetate in a little 6 A HNOa, dilute and add NH*OH in slight excess. A white flocculcnt 
precipitate is Be(OH) 2 . 

14. Residue from 12: U, V; Al, Fe; Zn, Be, etc. To the residue add 25 ml. of 1% 
NaHC0 3 , boil, and filter. Reject the residue. 

15. Solution from 14: Na«U0 2 (C0 3 ) 3 . Test for U as in (5) of this table. 

16. Filtrate from 11: [Zn(NH 3 )4] ++ . Acidify with HAc and saturate with H 2 S. Filter, 
and dissolve the precipitate in a little HN0 3 . Add 1-3 drops of 0.3 A Co(N0 3 ) 2 solu- 
tion, evaporate to dryness, and ignite until the purple color of the Co salt disappears. A 
green residue indicates zinc. 


Table 3-14. Analysis of the Nickel and Zirconium Groups 
Isolation of the Rare Earth Group 

1. Peroxide precipitate from Tabic 3-10, 6: Mn(Zn), Co, Ni, and rare earths as hy- 
droxides. Dissolve in 5 to 20 ml. of 6 A HC1, heating gently. Filter if necessary. Add 
3 ml. of 15 A HN0 3 and evaporate to about 1 ml. Add 15 ml. of 15 A HN0 3 and 1 g. 
powdered KCI0 3 , and heat to boiling. Add an additional 10 ml. HN0 3 , heat to boiling, 
remove the flame, and add 0.5 g. KC10 3 . Repeat this treatment until about 3 g. of 
KC10 3 have been added. Caution : do not add the chlorate to the boiling solution ! 


2. Precipitate from 1: Mn0 2 . Dissolve the Mn0 2 in a little hot 6 A HN0 3 and a fe\V 
drops H 2 0 2 . Boil and cool to room temperature. Add a little solid NaBi0 3 . A purple 
color indicates Mn. 


3. Filtrate from 1: Ni, Co, Zn, and rare earths as nitrates. Evaporate to small volume, 
add 30 ml. of cold water and a slight excess of NH4OH. If there is no precipitation, rare 
earths are absent. In such cases, saturate with H 2 S and examine the resulting precipi- 
tate for Ni, Co, and Zn by Table 3-15. 

If NH4OH gives a precipitate, add 3 ml. of 6 A HAc, filter if a precipitate remains, 
and unite it with the NH4OH precipitate to be obtained in (5). To the clear solution, 
add 10 ml. of 3 ANH4AC solution, heat to 75°, and saturate with H 2 S. Filter 


4. Precipitate from 3: ZnS, CoS, NiS. Analyze by Table 3-1 5. 

5. Filtrate from 3: Rare earths. Expel H 2 S by boiling and reject any precipitate that 
may form. Make distinctly ammoniacal, filter, and reject the filtrate. Combine this 
precipitate with the residue from the acetic acid treatment of (3) and with the peroxide 
piecipitate from Table 3-10, 10, dissolve in 10 ml. of 6 A HC1, and evaporate nearly to 
dryness. Transfer to a platinum dish, evaporate to dryness of a water bath, add 2 ml- 
of water, 1 ml. of 6 A HCI, about 0.5 ml. of HF, and 9 ml. of water. Use more HF if 
the residue is large. Heat on a steam bath for 5 minutes and filter through a plastic fun- 
nel into another platinum dish. 


6. Precipitate from 5: Fluorides of rare earths and possibly In. Examine by Table 
3-16. 
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Table 3-14. ( Continued ) 

7. Filtrate from 5: Fluorides of In, Zr, Ti and possibly Ni, Co, and Zn. Neutralize 
with NH 4 OH, make slightly acid with HF, and saturate with ITS. Filter through a 
plastic funnel into a platinum dish. If much precipitate forms, boil the filtrate to expel 
H 2 S and repeat the treatment with NH.jOH, HF, and H 2 S. 

8. Precipitate from 7: In 2 S 3 , (ZnS, CoS, NiS). A pale yellow precipitate is In 2 S 3 . 
Dissolve in 5 ml. of 6 N HCi, adding HNO ;) if necessary to dissolve any black NiS or CoS. 
Boil to expel H 2 S, add an excess of NH4OH, and filter. Reject the filtrate. 

9. Precipitate from 8: In(OH) 3 . Dissolve in 10 ml. of hot, 6 N HAc and saturate with 

H 2 S. A deep yellow precipitate is In 2 S 3 . 1 

10. Filtrate from 7: H 2 ZrF c , H 2 TiF fi (CoF 2 , NiF 2 ). Add 3 ml. of concentrated H 2 SO| 
and evaporate to fumes. Cool, add water, and test with H 2 0 2 and Na 2 HPO.i for Zr and 
Ti as in Table 3-5. 


Table 3-15. Analysis of Cobalt, Nickel, and Zinc 

1. Sulfide precipitate from Table 3-14, 4: CoS, NiS, ZnS. Treat precipitate with 10-30 
ml. cold 1 N HCI. Filter. 


2. Residue from 1: CoS, NiS. Dissolve in 5-15 ml. 6 A 7 HCI, heat to boiling, and add a 
little powdered KCIO;i. Filter, and evaporate the solution to dryness. Dissolve residue 
in 5 ml. 6 N HAc and add 3 ml. 6 N KNOj. Let stand 15 minutes. A yellow precipitate 
of KsCo(N0 2 )s indicates Co. Filter. 

To the filtrate, add dimethylglyoxime. A red precipitate indicates Ni. 


3. Filtrate from 1: Zn (traces of Co and Ni). Carefully neutralize with NaOH and add 
a little solid Na 2 0>. Filter. 


4. Precipitate from 3: Co(OH) 3 and Ni(OH) 3 . Add to the residue of NiS and CoS, step 
2 of this table. 


5. Filtrate from 3: HZn0 2 Acidify, treat with H 2 S, and confirm Zn as described in 
Table 3-13, 16. 


Table 3-16. Analysis of Rare Earth Group 

L Precipitate from Table 3-14, 6: Fluorides of Sc, In, and rare earths. Treat with 
10 ml. of 6 N NH4OH and half as much 27 N HF in a platinum dish. Heat near the 
boiling point for 3 minutes and filter through a plastic funnel into another platinum dish. 

2. Residue from 1: Rare earth and In fluorides. Transfer the fluoride precipitate to 
a platinum dish, add 2 ml. of concentrated H 2 SO.i, and evaporate to strong fumes of 
20O4. Cool, pour into 25 m'.. of water, and make ammoniacal. Filter and reject the 
irate. Dissolve the hydroxide precipitate in 5 ml. of 6 N HAc and saturate with H»S. 
A yellow precipitate is In 2 S 3 . 
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Table 3-16. ( Continued ) 

3. Filtrate from 2: Rare earth acetates. Boil off H 2 S, evaporate just to dryness, add 
6* ml. of 16 N HNOg and 1 g. of powdered KCIO 3 . Heat 5 minutes on the steam bath 
with the dish covered. Add 20 ml. of cold 7.5% KIO 3 . Cool to 20° and filter, washing 
the precipitate with cold, 1% KIO 3 solution. 

4. Precipitate from 3: Th(I0 3 ) 4 , Ce(I0 3 ) 4 . Rinse the precipitate into a small Erleri- 
meyer flask and digest with 18 ml. of M H 2 0 2 and 5 ml. of 16 N HN0 3 , using double 
these quantities if the precipitate is large. Add 0.75 g. of KIOt dissolved in 10 ml. t>f 
water, and allow to stand for some time. Filter and wash with 1% KIO 3 solution. 

5. Residue from 4: Th(I0 3 ) 4 . Dissolve in hot 6 A r HCJ, evaporate to dryness, moisten 
with 12 N HC1 and dry until no odor of HC1 remains. This serves to decompose and 
reduce all I0 3 ~. Dissolve the residual ThCli in 2 ml. of water and add 2 drops of 6 N 
HC1 and 5 ml. of H 2 O 2 solution. A white precipitate is TI 1 O 2 • H 2 O 2 . 


6. Solution from 4: Cc(I0 3 )j. Make ammoniacal and heat to boiling. A yellow or 
orange precipitate is Ce 02 -HiiO*. 

7. Filtrate from 3: Other rare earths. Make ammoniacal, filter off the rare earth hy- 
droxides, and discard the filtrate. Wash the precipitate with hot water and dissolve it 
in 5-10 ml. of 6 N HC1. Evaporate to dryness, moisten with 12 N HC1, and dry on the 
water bath. To the dry residue, add exactly 3 ml. of 50% K 2 CO 3 solution, heat in a 
covered dish for two hours on the steam bath, replacing water lost by evaporation. Fil- 
ter. 


8. Precipitate from 7: Lanthanum group: La, Pr, and most of the Nd, Sm, and Eu 
with small quantities of the yttrium group, all as double carbonates of K. Dissolve 
in 5-10 ml. of 6 N HNO 3 dilute with water to 25 ml., and boil. This serves to precipitate 
the La group as hydroxides. 

Unite this precipitate of lanthanum earth hydroxides with the similar precipitate ob- 
tained in (14). Dissolve in 5-10 ml. of 6 N HNO 3 , evaporate to dryness in a porcelain 
crucible, mix with 2 drops ot 6 N HNO 3 , 2 drops of water and 7 g. of NaNOj. Heat 
5 hours at 445°; this serves to convert nearly all of the Pr as brown Pr02. Cool and ex- 
tract the melt with cold water. 


9. Residue from 8: Transfer the impure Pr0 2 precipitate to a flask with 20 ml. of N 
NaAc and 4 ml. of N HAc. Shake occasionally for 10 minutes and filter. 


10. Residue from 9: Pr0 2 with some La 2 0 3 and Nd 2 0 3 . If the residue is very dark 
colored, do not treat it further. Otherwise dissolve in 5 ml. of hot, 6 N HC1. Add 5 
ml. of water and make ammoniacal. A light green piecipitate is probably Pr(OHj) 
and will change to brown Pr0 2 on ignition. 


11. Solution from 9. Make the acetate solution basic with NH 4 OH. If a precipitate 
forms, rare eaiths art present. If the residue (10) was dark colored, discard this hy- 
droxide precipitate. Otherwise filter it off and ignite in an open crucible. A chocolate 
brown residue contains Pr0 2 . 
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Table 3-16. ( Continued ) 

12. Water Extract from 8: Most of the La with some Nd and Sm. Make slightly am- 
moniacal, filter off the rare earth hydroxide, and reject the filtrate of sodium salts. Dis- 
solve in 50% K 2 C0 3 solution using 1 ml. for each mg. of precipitate. Add 8 times as 
much water and heat in nickel or platinum for 2 hours on the steam bath. A white 
flocculent precipitate is KLa(C0 3 ) 2 . Filter it off, ignite the precipitate in a porcelain 
crucible, and add 2 drops of 6 N HNO3. A white residue confirms the presence of La; 
if the double carbonate contained Pr, brown Pr0 2 would be formed. Filter, add HC1, 
boil off CO2, and add NH-iOH; a precipitate indicates Nd, Sa, or the yttrium group. 

13. Filtrate from 7: Yttrium group: Gd, Tb, Dy, Ho, Er, Tu, Yb, and Y with small 
quantities of the lanthanum group, especially Nd, Sm, and Eu. Add HC1 in slight 
excess, boil off C0 2 , and make basic with NHjOH. Filter and reject the filtrate. 

Dissolve the precipitate in 5-10 ml. of 6 N HC1, evaporate to dryness, moisten with 12 
N HC1, and dry until no odor of HC1 remains. To the residue, add just 1 .5 ml. of 90% 
HCOoH. Shake well, transfer to a test tube, boil, cool, and let stand 10 minutes. 
Filter and wash with a mixture of 0.3 ml. HC0 2 H and 1 ml. of 6 N NH4OH. 


14. Precipitate from 13: A crystalline precipitate may contain Nd, Sa, or Eu as for- 
mate. Dissolve in 5-10 ml. of 6 N PINO3, dilute to 25 ml., make ammoniacal, and heat to 
boiling. Filter off the rare earth hydroxides, using the same filter as that used to filter 
off a similar precipitate obtained in (8) and fuse with NaNOs as there directed. 


15. Filtrate from 13: The Yt group of rare earths. Dilute to 25 ml., make ammoniacal, 
and boil. A white or reddish-white precipitate shows the presence of the yttrium group, 
the separation of which is so difficult and tedious that it will not be discussed here. 


16. Solution from 15: NHiScF^. Add 2 ml. of concentrated H 2 SO., and evaporate to 
dense fumes. If Sc is present, it is left in the strongly fumed acid as a white translucent 
mass. If such a residue is visible, dissolve it in 10 ml. of water, and precipitate Sc(OH) 3 
by adding NH4OH. Dissolve the Sc(OH) 3 precipitate in 5 ml. of 6 N HC1, evaporate 
to dryness in a platinum dish, add 4-5 drops of water and a drop of HF. A white pre- 
cipitate of ScF-j, soluble in excess HF, shows Sc to be present. 
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By Herbert VVeisz 

Professor of Chemist r) 
Chemische Laboraloiium, Univcrsitact 
Frcibuig/llicisgau, Germany 


The Ring Oven method 5 was originally developed to carry out chemical sep- 
aiatious in one single drop of sample solution. The ring oven (Fig. 3-1) consists 
essentially of a cylindrical heating block, H, made of aluminum (other materials 
have also been used: stainless steel, gold plated copper, glass, 0 etc.) which bears in 
its center a bore hole of 22-mm. inner diameter (dotted line). A heating wire is 
installed in this block. An adjustable resistance serves to regulate the tempera- 
ture of the heating block, which should at the surface lie about 110-1 15"C., if 
working with aqueous solutions. The test drop is placed in the center of a round 
filter (55-mm. diameter) by means of a self-filling capillary pipet (~1.5 /ri. volume). 

One group of substances is precipitated in this test drop using an appropriate 
reagent (e.g., H 2 S) and thus fixed locally in the fleck on the paper. The filter 
paper is then placed on the ring oven so that the spot lies just underneath the 
guiding glass tube, Cl; this glass tube must stand vertically, point exactly to the 
middle of the bore hole, and cud several millimeters above the surface of the heat- 
ing block. The unprccipitatcd parts of the sample spot are then washed away 
from the precipitate fixed in the spot by means of a suitable solvent (water, acid, 
ammonium hydroxide, alcohol, etc.) applied by a capillary pipet. This washing 
pipet just fits into the narrow glass guiding tube, Gl. 

The substances dissolved in the applied solvent migrate outward, due to the 
capillary action of the filter paper, until they reach the edge of the bore hole of 
the hot healing block. There the solvent evaporates and the solutes arc deposited 
in a very narrow, sharply outlined ring zone of 22-mm. diameter. 

The electrical lamp, L, underneath the heating block, enables the washing- 
out procedure to be controlled more readily. The area between the initial spot 
and the ring zone is naturally free of sample components; consequently, the inner 
spot-bearing the precipitated group of the sample— can be cut out mechanically 
y means of a punch of proper size. The precipitate on the little disc can be 
treated in a suitable way, such as oxidation, and then separated further by an- 
other precipitation. Then, the little disc is placed centrally on a fresh round 
, ter an( J a S ain extracted with an appropriate solvent on the ring oven, just as 
though the disc were nothing but an ordinary spot on the paper. 

ie resu ting rings have a width of about 0.1-0.3 mm.; the area of these rings 
is consequently much smaller than the area of the initial spot. Therefore the 
concentration of the washed-out substances is even greater in the ring than in the 
oriemal sdoi. ° ° 


w 5 i^WavSlCT 1 tr a * 19 u 4 ’ M0 * Weisz - H -> Cliem. Age, 1954, 1039; Stepher 
nn’ii T, y ,T^ d ¥. edal Essd > Research X, 429, 1957. 

°Ballczo, H., Mikrochim. Acta, 1959, 314. 
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The filter is divided into several sectors, and on the individual sectors the vari- 
ous members of the corresponding group are identified by spraying with suitable 
reagent solutions. Sharply outlined circular arcs of the respective color appear on 
dissectors if the substance in question is present. 



Several auxiliary items of equipment have been described (pipets, sample pipets, 
glass-holder, gas-generator, etc.). 

With the aid of diis method, a separation procedure for 14 metals has been 
worked out, 7 which needs only one single drop (1.5 ^1.) containing a few micro- 
grams of solid test material. The metals are divided into 4 groups (3 rings and 

A separation procedure for 35 metallic ions has also been described, which em- 
ploys both liquid-liquid extraction procedures and the ring oven method. 8 


7 Weisz., H., Mikrochim. Acta, 195-1, 376; Bank, C. A., and van 
blad, 51, 351, 1955. 

8 West, P. W„ ancl Mukherji, A. K., Anal. Cliem., 31, 947, 1959. 


den Eijk, Chem. Week- 
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This technique enables semiquantitative spot-colorimetric analysis; the results 
have only an error of ±5-8%, using a total of about 2 micrograms of the respective 
ion. 9 

The ring oven method may also be employed in combination with electrographic 
sampling for qualitative and semiquantitative analysis of steel and alloys. 10 

The use of this method for the examination of tiny amounts of radioactive 
materials has also been described. 11 Combinations with paper chromatography 
have been worked out. 8 
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Chapter 4 


MECHANICAL SEPARATION 

By W. Stanley Clabaugh 

Chemist, Food and Drug Administration 
Department of Health, Education and Welfare 
Washington, D. C. 


Introduction .— In quantitative analysis the final determination of an element or 
compound is based on the physical measurement of a physical or chemical prop- 
erty of the substance, the magnitude of which is a function of the amount present. 
Before the final determination can be made the element or compound is usually 
separated by some mechanical method. The performance of such a chemical anal- 
ysis is an art that requires the analyst to combine his knowledge of the theory of 
analytical chemistry with his highly developed mechanical manipulative skill. Any 
one who has acquired sufficient mechanical skill to perform an exact quantitative 
analysis can adapt to the performance of a less accurate one but the converse of 
this is not true. 

There are several basic separations in analytical chemistry that are either com- 
pletely mechanical or depend largely on a mechanical operation. The separations 
are: (1) solids from solids; (2) solids from liquids; (3) solids from gases; (4) liquids 
from liquids; (5) liquids from gases; and (6) gases from gases. In each of these 
separations the accuracy one obtains depends on the care with which the analyst 
mechanically transfers the original sample and the separated components, whether 
they are solids, liquids, or gases, and the efficiency of the particular mechanical 
separation involved. 

Separation of Solids from Solids .— Usually the mechanical separation of solids 
from solids depends on the physical property of size. A weighed sample of the 
solid material is placed in the top compartment of a nest of sieves. The sieves are 
shaken for a specified length of time either by hand or by a mechanical shaker, 
although the latter method is preferred. The amount of material that is retained 
on a sieve of a specified size is collected and weighed. The sieves are available 
in standard sizes 10, 20, 40, 100, 200, etc., mesh, and are made of brass, steel, or 
plastic. For separating solids that are of subsieve size, one can use other methods, 
which depend on the fact that the resistance of a solid particle passing through a 
specified liquid or gaseous atmosphere depends on the size of the particle, °ancl 
thus, the solid particles will be separated according to size. 

The determination of the size of solids is extremely important to many proc- 
esses. The strength of concrete, for instance, depends on the amount and size of 
the aggregate used. The quality of many paints depends on the size of the vari- 
ous pigments. The rates of chemical reactions depend on the size of the raw 
feed material. Many more examples could be cited. 
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Separation of Solids from Liquids.- The solid lo be separated from a liquid is 
usually a precipitate that is formed in the solution. The exact condition for the 
formation of a filterable precipitate is outlined in each particular method. The 
principle of the actual separation is similar to that employed in the separation of 
solids from solids except that the sieves are replaced by filters of porous porcelain, 
fritted glass, sintered stainless steel, porous platinum, or filter paper. 

Filtration.— The filtration step in analysis is of extreme importance. The qual- 
ity, as well as die quantity, of an analyst's work is controlled to a large extent 
by his selection of the filtering medium and the filtering apparatus. The majority 
of filtrations are made through paper at atmospheric pressure. Quantitative filter 
paper is available in various degrees of fineness, and the fineness of the paper to 
be used is determined by the character of the precipitate. The amount of pre- 
cipitate to be collected, and not the volume of liquid to be filtered, determines 
which of the various sizes of filter paper available should be selected. The whole 
precipitate should not occupy much more than one-third of the capacity of the 
folded filter paper. 

The proper fitting of the filter paper in a funnel is an art that can be mastered 
only by constant practice. When properly set, the filtering paper should fit the 
funnel snugly at the top and its top edge should be about 10 to 15 mm. below 
the rim of the funnel; the paper should not touch the sides of the funnel for the 
rest of its length. If the paper has been properly fitted, water should pass through 
it rapidly, leaving the stem of the funnel full of water. 

The characteristics of precipitates vary according to die type of precipitate and 
to the method of formation. Some are gelatinous; others are crystalline and may 
vary in size from very small to relatively large crystals; some have a strong tend- 
ency to creep while others may stick fast to the sides of the beakers. It is recom- 
mended that the walls of the beaker be thoroughly scrubbed with a well wetted 
rubber-tipped "policeman,” and, in some instances, this policing should be sup- 
plemented by rubbing the sides and bottom of the beaker widi a small piece of 
quantitative filter paper. The analyst should guard against die possibility of any 
precipitate escaping beyond the upper edge of the filter paper, as well as creeping 
down the sides of the beaker. In other words, make sure all of the precipitate » s 
transferred from the beaker to the inside of die filter. 

All precipitates are partially soluble, especially if recently produced, and proper 
precautions should be taken with respect to both their formation and subsequent 
washing. In general, precipitates should not be washed with water alone but with 
water containing a small amount of a common ion to decrease the solubility of 
die precipitate. The amount and kind of washing solution that must be used 
depend on the nature of the precipitate and how the precipitate is to be de- 
termined, diat is, whether the precipitate is to be ignited and weighed or dissolved 
and titrated. Gelatinous precipitates, such as the R 2 0 3 group, require more wash- 
ing than crystalline ones, such as magnesium ammonium phosphate. The best way 
to was the precipitate and the amount and kind of washing that is required to 
remove any interfering substances must be determined for each new set of con- 
ditions. 

. ^ ent pf u gadon.— The centrifuge can be used to great advantage in some separa- 
tions oi solids from liquids. It is extremely useful for washing precipitates by de- 
cantation, and for collecting difficultly filterable precipitates. It may also be used for 
some routine determinations by measuring the volume of the precipitate. In the 
latter application, however, the physical state of the precipitate is of prime impor- 



MECHANICAL SEPARATION 89 

tance and the procedure must be carefully worked out and strictly followed to 
obtain reproducible results. 

Separation of Solids from Gases- Numerous rocks, minerals, ores, and salts con- 
tain various amounts of gases and vapors. Many metals and alloys likewise may 
contain various amounts of gases. For a complete analysis of such substances, the 
o-ases must be determined. This is especially true in the analysis of metals and 
alloys because their properties vary according to the kind and amount of gas 

present. . . 

The gas to be separated may be liberated by chemical action, as for example, 
the decomposition of limestone with an acid, or by physical means, such as direct 
heating with or without a flux, such as determining gases dissolved in steel. 

Regardless of the method of its liberation, the gas must be transferred from the 
reaction vessel to the gas buret, if a volumetric method is used, or to a weighed 
absorbing system, if the gas is to be weighed, or to an absorbing liquid, if the 
gas is to be determined by some chemical reaction. 

In transferring a gas one must employ techniques similar to those used in trans- 
ferring precipitates. The transferring medium, instead of being a washing solu- 
tion, is a stream of inert gas, and the sieve or filter is either a solid or liquid ad- 
sorbant that catches and retains only the desired gas. One must be certain 
that the gas to be determined will neither react with, nor be absorbed by, the 
tubes and vessels through which it is transferred from one place to another. Par- 
ticular attention should be given to the types of lubricants used on stopcocks and 
ground glass joints. Likewise, care must be taken in the use of rubber and plastic 
tubing. In the actual determination, the gases must be mechanically driven by a 
stream of inert gas through a series of absorption media to remove interfering 
gases, and finally into the medium that absorbs only the gas to be determined. 

Separation of Liquids from Liquids. The mechanical separation of liquids from 
other liquids depends primarily on the physical property of density, i.e., one liquid 
phase must float on top of the other liquid phase. In addition, the liquids to be 
separated must be completely immiscible in each other, or the mutual solubility of 
each in the other must be known, so that final analytical results can be corrected 
for any error. In some separations, if the two liquids are not immiscible, a third 
substance, which is soluble in one of the liquids, may be added to the mixture, 
causing die two liquids to separate into two phases. The apparatus most com- 
monly used for such mechanical separations is the separatory funnel. Separatory 
funnels are available in a variety of shapes and sizes. In the separation of some 
liquids, a reagent may be added that reacts with one of the liquids to form a 
precipitate, and in this case the separation is that of a solid from a liquid. 

Separation of Liquids from Gases.— There are several mechanical methods of 
separating liquids from gases. One of the most commonly used is the displace- 
ment, or sweeping out, of the gas to be determined by an inert gas; carbon diox- 
ide, for instance, can be completely removed from distilled water by bubbling a 
stream of air, free from carbon dioxide, through the distilled water; similarly, oxy- 
gen can be removed by a stream of argon or other inert gas. This displacement 
process is very similar to the washing of a precipitate in that the stream of inert gas 
is the washing medium and the gas to be determined is the material that is trans- 

erred. If such gases are to be determined they must be completely transferred 
to an absorbing medium that absorbs only the desired gas. 

n Se P ar ation of Gases from Gases.— It the substance to be analyzed is entirely 
gaseous, special techniques, methods, and apparatus are used. Nevertheless, the 
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transfer of die material remains mechanical, and, as in other types of analysis, 
the accuracy obtained depends on the mechanical skill of the analyst. 

In conclusion, it can be stated that some kind of mechanical separation is re- 
quired in nearly every analysis, and the accuracy of the results obtained depends 
greatly on the skill with which the analyst performs the particular separation. 



Chapter 5 


SEPARATION BY PRECIPITATION 


One of the most common of all methods used for the elimination of interfer- 
ence in an analytical procedure is based on separation by precipitation. Such re- 
actions are used for several different reasons. The most important of these are: 
(a) to convert the desired substance to a suitable insoluble weighing form; (b) to 
precipitate the substance to be determined specifically or selectively as a prelimi- 
nary to making the final determination by some other method, as titrimetrically; 
or colorimetricaily; and (c) for the removal of interfering substances so as to leave 
the desired substance in solution for final determination by appropriate means. 

Satisfactory precipitation is achieved in most cases as follows: (a) by changing 
the hydrogen ion concentration of the solution; (b) by the use of specific or se- 
lective precipitants; (c) by generation of reagents in the homogeneous phase; and 
(d) by the use of masking and demaskiug reagents to eliminate interference. These 
methods arc discussed more fully in the following sections. 
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PRECIPITATION BY CHANGE 
OF HYDROGEN ION 
CONCENTRATION 

By Frank J. Wclcher 

1’iofcssoi ol (.hcmistr) 

Indiana University 
Indianapolis, Ind. 


Precipitation by regulation of the hydrogen ion concentration of a solution is 
one of the most widely used operations in analytical chemistry. Metal ions arc 
frequently separated by precipitation as the hydroxides, sulfides, phosphates, car* 
bonates, chromates, and oxalates. Since these and many other precipitating ions 
are anions of weak acids, their concentration in solution is dependent on die 
hydrogen ion concentration of the solution. Therefore, if there is a sufficient dif- 
ference in the solubility of two (or more) metal hydroxides, or of any of the above- 
mentioned salts, important separations can be accomplished by fractional precipi- 
tation by a suitable control of the pH of the solution. The problem of fractional 
precipitation is largely a matter of determining the pH at which the precipitation 
of a given component (or components) should be carried out, and the proper 
method for adjusting the solution to, and maintaining at, this pH. 

PRECIPITATION OF METALS AS THE HYDROXIDES 

The separation of metals by fractional precipitation as their hydroxides is of 
great importance ju anAyticA chemistry lor the loEowiiig reasons: (1) the solu- 
bilities of the metal hydroxides vary widely, ranging from the extremely insoluble 
hydroxides of iron and titanium to the very soluble potassium hydroxide; (2) die 
hydrogen ion concentration and, consequently, the hydroxyl ion concentration, of 
a solution may be adjusted to any value within the wide range from pH <1 to 14. 
Further, the hydrogen ion concentration of a solution can be adjusted to, and 
maintained at, a relatively fixed value by the use of suitable buffers over a simi- 
lar range. 

Precipitation with Ammonium Hydroxide.— Ammonium hydroxide is one of the 
most commonly used reagents for the precipitation of metal hydroxides or oxides. 
The number of metals so precipitated is rather large, and includes the following: 
aluminum, beryllium, chromium, gallium, indium, iron(IIl), niobium, the rare 
earths, tantalum, diallium, thorium, titanium, uranium, and zirconium. In addi- 
tion, arsenic(V), phosphorus(V), and vanadium(V) are also precipitated as arsen- 
ates, phosphates, and vanadates widi one or more of the above ions. 

Alone, arsenic, chromium(VI), mjnganese(VII), phosphorus, sulfur, and vana- 
dium^), aie not precipitated in either strongly acidic or strongly basic solution. 
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Silicon and the higher oxidation states of antimony, lead, manganese, titanium, 
and tungsten are predominantly acidic in character and consequently their oxides 
and hydroxides are precipitated from strongly acidic solutions. 1 

Barium, calcium, magnesium, manganese, and strontium are not precipitated by 
ammonium hydroxide in the presence of ammonium chloride. Cobalt, copper, 
nickel, and zinc ions precipitate, but redissolve due to the formation of complex 
ammines. 

When ammonium hydroxide precipitation is used quantitatively, silicon and 
metals of the hydrogen sulfide group should be absent, or if present should be 
removed prior to the hydroxide precipitation. This is necessary even though some 
of these ions are almost completely precipitated by ammonium hydroxide. 

Ammonium hydroxide is not generally satisfactory if much zinc is present, par- 
ticularly in the presence of chromium. Results are also usually unsatisfactory if 
cobalt or copper is present. Boron interferes, and should be removed. 

The method used in precipitating with ammonium hydroxide depends on the 
ions present. Thus, for the precipitation of aluminum, and of phosphorus in the 
presence of aluminum or iron, the pH of the solution must be adjusted very care- 

Table 5-1. Approximate pH of Precipitation of Hydroxides and Oxides* 
Element pH Reagents 


Nb, Si, Ta, W 
Sb(V). Sn(IV) 

MN(IV) 

Pb(IV) 

Os(IV) 

Ce(IV), Sb(III), Ti, Zr 

Fe(III), Hg(I), Hg(N0 3 ) 2 , Sn(II), Th 


U(VI) 

Al, Be, Cr(III), Ir(IV) 

Cu, Fe(II), Nd, Pb, Pd, Rh, Ru, Sm, 
Y, Yb 


Cd, Ce(III), Co, La, Ni, Pr, Zn 
%Cb, Mn(II), Ag 


Mg 

Fa, Ca, Sr 


< 1 Cone. HC1, HNO s , HC10 4 , H 2 S0 4 

<1 Cone. HNO :( , HC10 4 

<1 Cone. HNO.i or HC10 4 with 

KC10 ;i 

< 1 Cone. HNO.t 
1-2 

2- 3 

3- 4 pH 3-5: 

Acetic acid — Acetate 
Benzoic acid — Benzoate 

4- 5 

5- 6 

6- 7 pH 6-8: 

BaCOs, CaCOa, CdC0 3 
HgO, ZnO 

7- 8 

8- 9 pH 8-10: 

NH.|OH — NH4CI (except Ag) 
MgO(pH 9.5) 

11 NaOH 

>12 NaOH (Incomplete) 


0 W \ F - Eundell, G. E. F., Bright, H. A., and Hoffman, J. I., Applied Or- 
8 " Xr Ana yS ‘ S ’ 2nd Ed " J ohn Wile >' and Sons - New York > 1953. J PP 

9101 these valu es are taken from the work of Britton, H. T. S„ f. Chem Son ton 

rW and Hydrogen Ions, Chapman and Hall, London, 1932. Values for the platinum 

124 1937 A- C ‘’ and Partnd S c > H - M -, Ind. Eng. Chem., Anal. Ed., 9 

i "37, and by R. Gilchrist at the National Bureau of Standards. . ’ 
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fully, since only a slight excess of ammonium hydroxide is permissible. This i$ 
also probably true for beryllium, gallium, and scandium. On the other hand, 
careful neutralization is not similarly necessary for elements such as iron, titanium, 
and zirconium, which are quantitatively precipitated at lower pH. 1 

The pH at which precipitation of a metal hydroxide begins is fairly definite, 
but depends somewhat on the concentration of the metal ion. For example, zinc 
hydroxide begins to precipitate at pH 5.80 from a 0.25 M zinc sulfate solution, at 
pH 6.17 from a 0.05 Al solution, and pH 6.5 from a 0.01 M solution. 3 The pH 
at which precipitation begins also depends on the kind of anions present. Thus, 
lanthanum(III) hydroxide begins precipitation at pH 7.61 from a sulfate solution 
and at pH 8.03 from a chloride solution. 4 

Further, for most hydroxides there is a range of 1.5 to 2 pH units from the be- 
ginning of precipitation until precipitation is complete. Thus, if the metals are 
arranged in the order of pH of precipitation, there is an overlap of the range 
of completeness of precipitation. This is shown in Table 5.1, which gives the 
approximate pH for die precipitation of the hydroxides of the various metals. 

Despite the overlap of precipitation range, however, as a general rule metals for 
which pH values for the beginning of precipitation differ by as much as 3 pH 
units, should be separated by fractional precipitation of their hydroxides unless 
the relative concentrations of the ions is not favorable. Thus, by a proper con* 
trol of pH, aluminum, chromium(lll), and iron(lll) can be separated from barium, 
calcium, cobalt, manganese, nickel, strontium, and zinc. Iron (1 1 1) is easily sep- 
arated at pH 3, although separations of aluminum and chromium are more dif- 
ficult, since for most conditions of pH these metals are not quantitatively sep- 
arated without precipitation of some other metals. 

The proper pH for the separation of one element from another is the lower of 
the two pH values for the precipitation of the two components. The amphoteric 
elements, such as aluminum. chromium(III), tin(ll), and zinc are exceptions to 
this rule. The hydroxides of these metals dissolve in an excess of a strong base. 
Separations based on amphotensm, however, are not extensively used in quanti- 
tative analysis, because resolution is not usually complete. 5 

It should be noted that for several reasons there are objections to quantitative 
separations based on the precipitation of hydroxides with ammonium hydroxide. 
The precipitates of the hydrous oxides are gelatinous, and consequently difficult 
to filter and wash. Further, they have a strong tendency to absorb both anions 
and cations from the solution and thus produce an impure precipitate. Despite 
these practical objections, however, the method is capable of yielding very satis- 
factory results for a number of important applications. 

Precipitations with Suspensions of Slightly Soluble Oxides and Carbonates .— 
Satisfactory methods have been developed for precipitating the polyvalent metals 
by adjusting the pH of the medium with slightly soluble oxides and carbonates. 
These substances exert a buffer action when the corresponding metal ion is pres- 
ent in the solution. Oxides and carbonates for which procedures have been de- 
scribed are as follows: 

(I) Barium Carbonate.— This compound has been used for the separation of 
aluminum, chromium, iron (III), titanium, uranium, and zirconium (also phos- 


♦ * nd , c ameda ’ T *' j- Am * Chcm - Soc., 53, 832, 1931. 

millan,New , York I ,'’l943. S3nde11, E ’ B " Textbook of Quantitative Inorganic Analysis, Mac* 
•> Ayres, G. H., Quantitative Chemical Analysis, Harper and Bros., New York, 1958. 
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phorus and vanadium in the presence o£ the preceding metals) from cobalt, iron, 
manganese, nickel, and zinc. Zinc and manganese are more completely separated 
than* cobalt and nickel. Beryllium is completely precipitated from a hot solution, 
but only incompletely from a cold solution. Metals of the cerium group arc 
precipitated from a hot solution. They are also precipitated from a cold solution, 
though some slowly. Yttrium group metals are precipitated only incompletely, 
and also slowly. 

(2) Cadmium Carbonate.— Cadmium carbonate gives a solution of pH 6.5, and 
has been used for the separation of chromium and vanadium from iron(II). Sulfate 
does not interfere. 0 

(3) Calcium Carbonate.— Calcium carbonate gives a pH of 7.1. It is less satis- 
factory than barium carbonate for separations. 

(4) Lead Carbonate.— Lead carbonate gives a solution of pH 6.2, and precipi- 
tates completely cerium(IV). iron(III), thorium, and zirconium. The following are 
not precipitated: cerium(IIl), lanthanum, neodymium, praseodymium, samarium, 
yttrium, and the yttrium group metals. Aluminum, chromium(III), and uranium 
are only incompletely precipitated. 7 

(5) Magnesium Oxide.— Magnesium oxide gives a pH of 10.5, and is used when 
a strongly basic solution is required. 

(6) Mercuric Oxide.— Mercuric oxide gives a pH of 7.-1, and is best used as a 
precipitant for solutions containing the chlorides of the metals. Aluminum, 
chromium, and iron are completely precipitated from a cold solution, but the 
precipitate usually contains barium, calcium, and strontium if these ions are pres- 
ent. Beryllium, cerium(III), cobalt, lanthanum, nickel, and zinc are incompletely 
precipitated from both cold and hot solutions, but are more completely precipi- 
tated from hot solutions. Manganese is precipitated slowly or not at all from cold 
solutions. 8 

(7) Zinc Oxide.— Zinc oxide gives a pH of 5.5, and is useful for precipitation 
from solutions containing sulfuric acid or sulfates. In the presence of large 
amounts of iron(III), zinc oxide precipitates completely aluminum, arsenic, chro- 
mium, iron, phosphorus, tin, titanium, uranium, vanadium, tungsten, and zir- 
conium, and almost all copper, molybdenum, and silicon. Very little cobalt or 
manganese is precipitated, and a second precipitation gives a complete separation 
of cobalt and manganese from the above-mentioned elements. Separation of nickel 
is not entirely satisfactory. 0 

Precipitation with Weak Organic Bases.— A number of weak organic bases have 
been used as satisfactory precipitants for certain of the metal hydroxides. These 
are: 

(1) Phenylhydrazine.— ' This compound precipitates quantitatively thorium, ti- 
tanium, and zirconium (and also aluminum under certain conditions) from dilute, 
slightly acidic solutions of salts of these metals. Phosphorus and vanadium are 
also precipitated completely if not in excess of the other metals present. Cerium, 
iron(III), and uranium are reduced and precipitated only incompletely, if at all. 

Cadmium, cobalt, mercury, nickel and zinc, when present in sufficient concen- 
tration, may form slightly soluble addition products with the reagent. Calcium, 
iron(II), magnesium, manganese, and strontium are not precipitated. Some impor- 

6 Cain, J. R„ j, ind. Eng. Chcm., 3, 478, 1911. 

' Ches, IV. B„ Chem. News, 92, 1, 30, 1905. 

; s ™ h > E. F„ and Heyl, P. R., Z. anorg. Chem., 7, 82, 1892. 

Hoffman, J. I., Bur. Standards J. Research, 7, 883, 1931. 
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taut separations which have been recommended are: (a) titanium and zirconium 
from iron; titanium, thorium, and zirconium from beryllium; and aluminum from 
iron; 10 and (b) aluminum from calcium, iron, magnesium, and manganese. 11 

(2) Aniline.— Aniline precipitates quantitatively aluminum, cerium, chromium, 
iron(III), thorium, titanium, and zirconium. Calcium, iron(II), magnesium, man- 
ganese, and strontium are not precipitated. 10 Aniline has been used to separate 
thorium from lanthanum and praseodymium, and also zirconium from lantha- 
num, 18 and chromium from manganese. 13 

(3) Quinoline.— Tliis reagent precipitates quantitatively the hydroxides of cerium, 
lanthanum, neodymium, praseodymium, thorium, and zirconium. 12 

(4) Hexamethylenetetramine.— This weak base precipitates hy dioxides of alumi- 
num, chromium, iron(IU), and zinc when boiled with aqueous solutions of their 
salts. 11 Titanium, uranium, and zirconium are also precipitated from solutions 
containing ammonium chloride. 15 This reagent has been used to separate alumi- 
num and iron from die alkali metals, calcium, cobalt, manganese, nickel, and zinc. 15 

(5) Pyridine.— Pyridine precipitates quantitatively aluminum, chromium, iron, 
titanium, uranium, and zirconium. 17 This reagent has been used to separate 
aluminum, chromium, and iron from cobalt, manganese, and nickel. 

Precipitation with Buffer Solutions .— Various buffers have been used to control 
the pH of a solution so as to effect practical separations of metals by precipitation. 
The most important of these arc: 

(1) The Basic Acetate Method.— Although die basic acetate method has largely 
been replaced by ammonium hydroxide precipitation, it may still be used to ad- 
vantage in a number of important separations. In this method the pH of the 
medium is adjusted by an acetic acid-sodium acetate or acetic acid-ammonium 
acetate buffer. It is principally used to separate iron(IIl) from cobalt, copper, or 
zinc; or iron(III) from nickel when cither is present in huge amount; or large 
amounts of iron(IH) from manganese. An important advantage of such separa- 
tions is that there is little local lowering of pH during precipitation, and conse- 
quently little coprecipitation of the divalent metals. 

The basic acetate method is not satisfactory for aluminum, since zinc and other 
metals are partially precipitated. Two precipitations, however, give good separa- 
tions. This method cannot be used for chromium, uranium, and some of the rare 
earth metals, although precipitation of cerium(lV), thorium, and zirconium is 
apparently complete from a boiling solution. Phosphorus is also precipitated if 
not in excess of other metals which form insoluble phosphates. Phosphorus can 
be removed by first adding a known weight of pure iron(IIl) chloride as a pre- 
liminary to the determination of the alkaline earth metals and magnesium in the 
analysis of some phosphates. 15 

. (2) Sodium Succinate.— This reagent has been used to separate aluminum and 
iron from cobalt, manganese, nickel, and zinc. It is equally as useful as the basic 


jo Allen, E. T., J. Am. Chem. Soc, 25, 421, 1903. 

12 IS’ ’ “ d Cani P b ell, E. D . J. Am. Chcm. Soc., 21, 776, 1899. 
nCP 1 !? ’ w ^ A 1 "* , Ch em. Soc., 24, 540. 1902. 
i 4 i^w, er ’ R a 3 l' d , SchraUir ‘. W., Chem.-Ztg., 33, 1237. 1909. 
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1937.° StrOUmOV ' E ‘ A “ Z anal ' ^ hein - 10G » 17 °- 244, 1936, and Zavodskaya Lab., 6, 16, 

wHillebrand, W F Lundell. G E. I\. Bright, H. A., and Hoffman I. I., Applied 
Inorganic Analysis. 2nd Ed., John Wiley and Sons, New York, 1953. 
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acetate method for separating iron and aluminum from nickel, but is less so for 
separating iron from cobalt, manganese, and zinc. Less care is required in ad- 
justing the pH than with the basic acetate method, and aluminum is more com- 
pletely precipitated. This buffer does not always give satisfactory results. 

(3) Benzoic Acid-Ammonium Benzoate.— This buffer gives excellent results for 
the precipitation of aluminum, chromium, and iron, which is quantitative at pH 
3.8. Not any of the divalent metals precipitate under proper conditions, and 
coprecipitation is very slight when correct procedures are employed. 19 

(4) Formic Acid-Sodium Formate.— Since formic acid has an ionization constant 
approximately ten times that of acetic acid, a formic acid-sodium formate buffer 
can be used when precipitation is to be carried out at a lower pH than for the 
basic acetate method. This system, however, does not in all cases give satisfactory 
results. 20 

(5) Salicylic Acid-Ammonium Salicylate.— This buffer has been used for the sep- 
aration of niobium, tantalum, thorium, and zirconium from aluminum and ti- 
tanium. 21 A fair separation of niobium and tantalum from titanium is achieved 
by repeated precipitation with salicylic acid. 22 

Precipitation with Reagents That React with the Hydrogen Ion.— A useful 
method for adjusting the pH of a solution consists of adding a reagent, or a 
mixture of reagents, which react with the hydrogen ion. For example, if a solu- 
tion of an aluminum salt is boiled with sodium or ammonium nitrite, the hydro- 
gen ion formed by the hydrolysis of the aluminum salt combines with the nitrite 
ion to form nitrous acid, which decomposes with the formation of water and the 
evolution of the oxides of nitrogen. 23 Iron and chromium are also precipitated in 
this manner. Other reagents which have been used for a similar purpose are 
potassium cyanate, 21 sodium thiosulfate, 25 and mixtures of potassium iodide and 
potassium iodate or potassium bromide and potassium bromate. 20 The latter re- 
agents have been used for separating such elements as aluminum, chromium, iron, 
cobalt, nickel, and tin, 27 and bismuth from cadmium, copper, lead, and zinc. 2 * 
Sodium hyposulfite, Na.,S.,0 4 , has been used to reduce iron and pricipitate alumi- 
num and beryllium. 20 

When urea is boiled with a weakly acidic solution it hydrolyzes slowly to form 
ammonia, which causes a gradual increase in the pH of the solution. This is one 
of the better reagents used for the precipitation of the hydrous oxides of the poly- 
valent metals. 

The reagents included in this section are used for the precipitation from homo- 
geneous solutions, which is discussed more fully on page 139. 

Precipitation with Sodium Hydroxide.— Sodium hydroxide is not so frequently 
used for hydroxide precipitation as ammonium hydroxide. It has been used, how- 
ever, to separate chromium, iron, titanium, the rare earths, and zirconium from 


19 Kolthoh, I. M., Stenger, V. A., and Moskovitz, B., T. Am. Chem. Soc., 56, 812 1934 

20 Funk, W., Z. anal. Chem., 45, 503, 1906. 

21 Dittrich, M., and Freund, S., Z. anorg. Chem., 56, 344, 1907. 

— Muller, J. H., }. Am. Chem. Soc., 33, 1506, 1911; Schoeller, W. R., and Deerin" E C 
Analyst, 52, 625, 1927. 

23 Schirm, E., Chem. Ztg., 33, 877, 1237, 1909; 35, 980, 1911. 

24 Ripan, R., Bull. Soc. Stiinte Cluj, 3, 311, 1927; 4, 28, 1928. 

25 Clennel, J. E., Metal Ind., 21, 273, 1922. 

20 Glassman, B„ Ber., 39, 3368, 1906; Moodv, E., Z. anal. Chem., 46, <>47 1907- Stork 
A-, Ber„ 33, 548, 1900; Stock, A., and Massachi, C., Ber., 34, 467, 1901 ’ ' 

; Moody, S. F... Am. J. Sci., 20, 181. 1905. 

28 Moser, L„ and Maxymorvicz, \V., Z. anal. Chem.. 67, 248, 1925-26 
- 9 Barbier, P„ Bull. Soc. Chem., [4], 7, 1027, 1910. 
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aluminum, phosphorus, and vanadium. Titanium is not completely precipitated 
unless iron is present. The alkaline earths are also precipitated if carbonate is 
present. Aluminum separations are not complete if magnesium or nickel is pres- 
ent. Uranium is incompletely precipitated if vanadium or carbonate is present. 

If an oxidizing agent, such as sodium or hydrogen peroxide, is used in conjunc- 
tion with sodium hydroxide, chromium, uranium, and vanadium are not precipi- 
tated. If uranium is present, sodium carbonate should also be used. Cobalt(III) 
and nickel(III) hydroxides are precipitated by the use of bromine or other oxi- 
dizing agents with sodium hydroxide. 


PRECIPITATION OF METALS AS OXIDES FROM SOLUTIONS 
OF STRONG ACIDS 

The oxides of the acidic elements, antimony, lead, niobium, silicon, tantalum, 
tin, and tungsten, in their highest oxidation state, and mangancse(lV), arc pre- 
cipitated from solutions of strong acids. Tungstcu(Vl), tantalum(V), niobium(V), 
and si!icon(IV) are precipitated by means of concentrated hydrochloric acid, nitric 
acid, sulfuric acid, and perchloric acid. Antimony(V) and tin(lV) arc precipi- 
tated by means of concentrated nitric or perchloric acid, but not by hydrochloric 
acid. Manganese dioxide is precipitated by concentrated nitric or perchloric acid 
with potassium chlorate, and lead dioxide with concentrated nitric acid. 


PRECIPITATION OF METALS AS SULFIDES 

The precipitation of metals as sulfides is based on the same theoretical principle 
as that of die hydroxides. There is an enormous difference in the solubilities of 
the metal sulfides, ranging from the very soluble potassium and sodium sulfides 
to the very insoluble sulfides of mercury(II) and arsenic (K,~ 10 -5 - 1 ). Further, as 
with die hydroxyl ion concentration, the sulfide ion concentration can be varied 
from approximately 1 M in sodium sulfide solution to 10 — 22 M in a dilute hydro- 
chloric acid solution of liydiogen sulfide. Since the sulfide ion concentration is 
related to the hydrogen ion concentrations as 


[H + ) 2 X IS-] = 1.1 X 10' 23 


it is apparent that many valuable separations can be accomplished by precipita- 
tions with hydrogen sulfide in solutions of different pH. 

The elements precipitated by hydrogen sulfide may be grouped into four classes 
depending on the pH of the solution from which precipitation is made. These 
are: (1) strong acid of pH < 1; (2) dilute acid of pH 2-3; (3) very slightly acidic 
solution of pH 5-6; and (4) basic solution of pH > 7. 30 

(I) Strong Acid Solution of pH < 1 .— Elements of this group are precipitated 
from solutions ranging from 0.25 to 13 M in hydrochloric acid. These elements 
are divided into two groups as follows: (a) the Copper Subgroup, which consists 
of bismuth, cadmium, copper, lead, mercury, osmium, palladium, rhodium, ru- 
thenium, and silver; gallium, indium, and thallium are partially or completely 
precipitated in the presence of certain members of this gioup; and (b) the Arsenic 
Subgroup, which consists of antimony, arsenic, germanium, gold, iridium, molyb* 


h^ UI ! de!I ’ G E ‘ F - Bright. H. A., and Heilman. J. I-, Applied In- 
organic Analysis, 2nd Ed., John Wiley and Sons, New \oik. 1953. ' 
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denum, platinum, selenium, tellurium, and tin. Tungsten and vanadium are also 
precipitated partially or completely with certain elements of this group in the 
absence of tartaric acid. 

Precipitates of sulfides of this group are often contaminated with elements of 
other groups due to the formation of mixed sulfides. Zinc, for example, is pre- 
cipitated with cadmium, copper, and mercury; diallium with antimony, arsenic, 
and copper; and cobalt and nickel with tin(IV). 

There are few useful separations within this group based on hydrogen ion con- 
trol. The order of increasing solubility of the sulfides is approximately: ar- 
senic(V), arsenic(III), molybdenum(Vl), mercury(II), copper, antimony, bismuth, 
tin(lV), cadmium, lead, tin(II). 

The most important separation is based on the fact that of this group only 
arsenic(V) is precipitated from cold 10 X hydrochloric acid. This yields a satis- 
factory method for the separation of arsenic from antimony and tin, but it fails 
with copper, germanium, mercury, and molybdenum, which also form slightly 
soluble sulfides. 

Precipitation of sulfides of this group is usually carried out from hydrochloric 
acid solution, although molybdenum and platinum are more easily precipitated 
from sulfuric acid. 

(2) Dilute Acid Solution .— In the absence of members of the preceding group, 
and also elements which hydrolyze at a pH of 2-3, a number of elements may 
be precipitated with hydrogen sulfide from a 0.01 N sulfuric acid solution. Sep- 
aration from the members of the next group is not sharp, and for accurate results, 
reprecipitation must be carried out. The element most successfully precipitated 
in this group is zinc, and this results primarily from the fact that gallium, indium, 
and thallium, which usually cause difficulty, are not often present. A proper pH 
for precipitation within this group is given by a 0.01 N solution of sulfuric acid. 
Precipitation of zinc sulfide from a formic acid solution containing ammonium 
citrate and formate gives good results. 

(3) Slightly Acidic Solution of pH 5-6 .— The separations of cobalt and nickel 
from manganese in the absence of iron are the only useful separations within this 
group. Indium and thallium are completely precipitated, and iron partially pre- 
cipitated if much acetic acid is present. Gallium is also partially precipitated in 
the presence of certain other elements. 

The proper pH for precipitation of elements of this group is usually obtained 
by use of an acetic acid-ammonium or sodium acetate buffer. Since precipitation 
is rarely complete in this group, special provision is necessary to recover cobalt 
and nickel from the filtrate. 


(4) Basic Solution .— Most elements are precipitated as sulfides from a basic solu- 
tion. Ordinarily, precipitation of this group follows the separation of the ele- 
ments precipitated from acidic solutions, and also is carried out in conjunction 
with complexing agents, such as tartrate. The latter eliminates interference by 
such elements as aluminum, chromium, the rare earths, titanium, and uranium. 
Following such treatment the metals precipitated are usually iron and manganese, 
and also elements of other groups, such as cobalt, nickel, and zinc. 


PRECIPITATION WITH ORGANIC REAGENTS 

With organic precipitants, as with inorganic reagents, considerable selectivity 
can be achieved by carrying out precipitation under controlled conditions of acid- 
u y- Although organic reagents are far too numerous to consider this effect in de- 



100 


SEPARATION DY PRECIPITATION 

tail the influence of pH on the completeness of precipitation of various cations by 
meins of 8-hydroxyquinoliue will illustrate tins general prtncple. The pH range 
for the complete precipitation of a number of canons ts given ... Table a-2. 
Clearly a number of important separations are ...d.catetl, as for example alum,. 
„um iron, and sine from calcium, magnesium, and lead. Coprecp.ut.on causes 
difficulties, however, and a careful control of conditions is necessary. 


Table 5-2. Precipitation or Metals by 8-Hydroxyquinolini: 

pH Range for 
Complete 

M c tal Precipitation Reference 11 


Indium 

2.5-3.0 

b 

Vanadium 

2.7-6. 1 

c 

Iron(III) 

2.8-11.2 

c 

Gallium 

>3.1 

f 

Molybdenum 

3.3-7.6 

c 

Thallium(Itl) 

4.0-8.0 

f 

Uranium 

4.07-8.84 

c 

Cobalt 

4.33-14.5 

a 

Aluminum 

4.39-9.80 

c 

Thorium 

4.43-8.80 

c 

Nickel 

4.57-9.97 

c 

Zinc 

4.58-13.4 

a 

Bismuth 

4.8-9.4 

c 

Tungsten 

4.95-5.65 

a 

Plutonium(VI) 

5 

d 

Copper 

5.33-14.55 

a 

Cadmium 

5.66-14.58 

a 

Manganese 

5.87-9.51 

c 

Antimony 

6 

g 

Scandium 

6. 5-8. 5 

h 

Lanthanum 

>7 

e 

Lead 

8.44-12.28 

c 

Cerium(III) 

>9.4 

e 

Magnesium 

9.44-12.66 

a 

Calcium 

9.5-10 

i 


S1 Letters refer to the following publications, 
a— Fleck, H. R., and Ward, A. M., Analyst, 58, 388, 1933; 62, 378, 1937. 
b Geilmann, W., and Wrigge, Fr. W., Z. anorg. Chem., 209, 129, 1932. 
c— Goto, H., J. Chem. Soc., Japan, 54, 725, 1933; 56, 314, 1935; Sci. Repts. Tohoku Imp. 

Univ.,26, 391, 1937; 26, 418, 1938. 
d— Harvey, G. B., et al. t J. Chem. Soc., 1947, 1010. 
e Misumi, S.,J. Chem. Soc., Japan, Pure Chem. Sect., 73, 931, 1952. 
f— Moeller, T., and Cohen, A. J., Anal. Chem., 22, 686, 1950. 
g— Pirtea, Th., Z. anal. Chem., 118, 26, 1939-40. 
h— Pokras, L., and Bemays, P. M„ J. Am. Chem. Soc., 73, 7, 1951. 
l— Rynasiewicz, J., and Polley, M. E., Anal. Chem., 21, 1398, 1949. 
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ORGANIC PRECIPITANTS 


For many years one of the principal objectives of the analytical chemist has been 
the discovery of a specific reagent for each element. With such reagents it would 
then be possible to determine each element in the presence of any other element 
without interference. Not any of the classical inorganic reagents are specific in 
their reactions, and accordingly the analytical chemist has turned to the investi- 
gation of the analytical characteristics of organic compounds in an elfort to dis- 
cover specific reagents. A very extensive search for such compounds has been 
carried out over a long period of time, and it now appears likely that, although 
some reagents approach the ideal of specificity, a complete set of specific reagents 
will never be fully realized. For the most part organic compounds react with a 
group of elements, and in some cases a fairly small group, and for this reason they 
are generally regarded as group reagents, or are in other words selective in their 
action. 


The usefulness of selective reagents can often be improved by utilizing various 
methods for reducing the number of elements with which they react. These 
methods include a careful control of the hydrogen ion concentration of the solu- 
tion (page 92), and the use of masking agents that form stable complexes with 
elements that might otherwise interfere with a given determination. For a dis- 


cussion of common masking agents in precipitation reactions, see page 150. 

There are many important advantages in the use of organic reagents over in- 
organic reagents when used as precipitants for inorganic substances. Among these 
are die following: (a) it is often possible to attain a degree of selectivity not pos- 
sible with an inorganic reagent; (b) many organic reagents are acidic and therefore 
unproved selectivity in precipitation reactions can be achieved by a careful con- 
trol of the hydrogen ion concentration; (c) the precipitates formed in reactions 
of organic reagents with inorganic ions are often extremely insoluble, and fre- 
quently, too, are of very high molecular weight. They are accordingly well adapted 
to micro and semimicro procedures. 

'-pr * 

mere are also certain disadvantages attending the use of organic reagents. 

m °ng the more common of these are: (a) organic compounds are frequently of 
such low water solubility that their use is restricted, either because of the diffi- 
cu ty of preparing reagent solutions, or because of possible contamination of pre- 
cipitates which they form; (b) many organic compounds are so unstable that seri- 
ous inconveniences result from their use and storage; (c) organic compounds are 

101 - 1 
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often expensive or difficult to obtain; (d) die presence of organic constituents in 
precipitates is sometimes a serious disadvantage in i.iotgamc analysts. 

In general however, the advantages far outweigh tile disadvantages, and the use 
of organic reagents for inorganic analysis has developed into an extremely iropor- 
tant part of analytical chemistry. .... 

In this section we are concerned with die organic compounds winch are com- 
monly used as precipitants for inorganic anions and cations. The compounds in- 
cluded in this group are substances that differ widely in their constitution and in 
the nature of their reactions, but that possess the common characteristic of form- 
ing insoluble compounds with inorganic ions under certain well-defined condi- 
tions. Some of these reagents form nonn.il ionic salts, while others form insoluble 
chelate compounds. Still others combine with inorganic substances in a manner 
not fully understood, as perhaps through a process involving adsorption. Tannin 
is typical of this group. Still others do not combine directly with the inorganic 
substance, but react with the medium or with one another to yield products capable 
of causing the precipitation of these substances. Such reagents arc particularly 
significant in the precipitation of substances in the homogeneous phase. Thus, 
thioacetamide reacts with water to form hydrogen sulfide, which forms precipi- 
tates with many metal ions. 

The precipitants described in the following sections are those which are most 
frequently used in quantitative inorganic analysis. Although fairly extensive, this 
group comprises only a very small fraction of those reagents reported in a very 
extensive literature. For other reagents, or for more detailed information on those 
included here, the analyst should consult one of the many available teference 
works available on this subject. 32 

The organic compounds most frequently used for precipitation of the metals 
and anions are given in Table 5-3. 


Table 5-3. Organic Precipitants 
The Metals 

Aluminum Benzoic acid 

N-Benzoylphcnylbydroxylainine 

Cupferron 

5,7-Dibronio-8-hydroxyquinoltne 
8-Hydroxyquinoline 
Succinic add 

Ammonium TetraphcnyJboron 

m ™ er i OR*’. n nd c ' Xew Methods in Anal) deal Chemistry, Refnhold, 

New \ork, 1955, Busev, A. I., and Polianskii, N. G., The Use of Organic Reagents m 
2 } pi’ 1 PS aitl0n Press, London. 1960. Duval, C., Inorganic Thetmograu- 

wvi u l , S; Elsevier, Amsterdam. 1953: Fcigl, F., Chemistry of Specific, Sctective and 
Reactions, Academic Press, New York, 1919; Flag", I? F., Organic Reagents, In- 
lTslS? Co New Yo^oU m 5 ?/ 1 ’ C " 0r K™>c Reagents for Metals, Chemical Pub- 
iston, ^Philadelphia! 1941 Protorer” w" , Rca e™ ,s in I 1 ™!?"* ''“'’’“'tjS 

Anal w FprdinnnH Fnt, c„„ t ® ° r R anisc he ralfungsmittcl m der quanfitaincn 

fvSr^nr fX 9 S. 1- &■»* jrMglffiE 

Ijtical Reagents, John Wiley a„Tsoli:1„CS» J Y 2t. IM1 ’ 
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Antimony 


Arsenic 

Beryllium 


Barium 

Bismuth 


Cadmium 


Calcium 


Cerium 


Table 5-3. ( Continued) 

The Metals 

Bismuthiol(II) 

Gallic acid 
8-Hydroxyquinoline 
Phcnylthiohydantoic acid 
Pyrogallol 
Tannic acid 

Bismuthiol(II) 

Benzoic acid 
Cupferron 
8-Hydroxyquinoline 
Tannin 

Oxalic acid 

Benzoic acid 
Bismuthiol(II) 

Cupferron 

8-Hydroxyquinoline 

Mercaptobenzothiazole 

Phenylarsonic acid 

Pyrogallol 

Salicylaldoxime 

Thionalide 

Anthranilic acid 

Ethylenediamine 

2-(o-Hydroxyphenyl)benzoxazole 

8-Hydroxyquinoline 

Mercaptobenzothiazole 

/3-Naphthoquinoline 

Oxalic acid 

Phenylthiohydantoic acid 
Phenyltrimethylammonium iodide 
Propylenediamine 
Pyridine (-f- 8CN~) 

Quinaldinic acid 
Quinoline-8-carboxylic acid 
Tetraphenylarsonium chloride 

Chloranilic acid 
Oxalic acid 
Picrolonic acid 

8-Hydroxyquinoline 
Oxalic acid 
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Cesium 


Chromium 

Cobalt 


Copper 


Gallium 


Germanium 


Gold 


Table 5-3. ( Continued ) 

The Metals 
Dipicrylamine 
Tetraphenylboron 

8-Hydroxyquinoline 

Anlhranilic acid 
8-Hydroxyquinoline 
l-Nitroso-2-naphthol 
Oxalic acid 

Phenylthiohydantoic acid 
Pyridine (*f SCN - ) 

Alizarin blue 
Anthranilic acid 
a-Benzoinoxime 
Benzotriazole 

N-Benzoylphenylhydroxylamine 

Cupferron 

5.7- Dibromo-8-hydroxyquinolinc 
Ethylencdiamine (+ Hgl*”) 
8-Hydroxyquinoline 
Mercaptobenzothiazole 
Neocupferron 

1 -Nitroso-2-naphthol 
Phenylthiohydantoic acid 
Propylenediamine 
Pyridine (+ SCN”) 

Quinaldinic acid 
Quinoline-8-carboxylic acid 
SalicyJald oxime 
Tetraphenylboron 
Thionalide 

o-(p-ToluyIsu!fonamide)aniline 

Cupferron 

5.7- Dibromo-8-hydroxyquinoline 
8-Hydroxyquinoline 

Tannin 

8-Hydroxyquinoline 

/3-Naphthoquinoline 

Tannin 

Dimethylglyoxime 
Hydroquinone 
Mercaptobenzothiazole 
Quinoline-8-carboxyIic acid 
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Gold 

Indium 

Iridium 

Iron 


Lanthanum 

Lead 

Magnesium 

Manganese 

Mercury 
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Table 5-3. ( Continued ) 

The Metals 

Resorcinol 

Thiophenol 

Diethyldithiocarbamate 

8-Hydroxyquinolinc 

Mercaptobcnzothiazole 

Acetic acid 
Benzoic acid 

N-Benzoyiphcnylhydroxylaminc 
p-Butylphenylarsonic acid 
m-Crcsoxyacetic acid 
Cupferron 

5,7-Dibromo-8-hydroxyquinoline 
8-Hydroxyquinolinc 
Neocupferron 
1 -Nit roso-2 -naph thol 
Succinic acid 

8-Hvdroxyquinoline 
Oxalic acid 

Anthranilic acid 
8-Hydroxyquinolinc 
Mercaptobcnzothiazole 
Phcnylthiohydantoic acid 
Phlhalic acid 
Picrolonic acid 
Salicylaldoximc 
Thionalidc 

8-Hydroxyquinolinc 
8-Hydroxyquinaldinc 
Oxalic acid 

Anthranilic acid 
8-Hydroxyquinoline 
Oxalic acid 
Picrolonic acid 
Pyridine (+ SCN~) 

Tetraphenylarsonium chloride 

Anthranilic acid 

Cupferron 

Ethylenediamine 

2-(o-Hydroxyphenyl) benzimidazole 
Phenylthiohydantoic acid 
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Table 5-3. ( Continued ) 
The Metals 


Mercury 

Propylcncdiaminc 
Tetraphenylarsonium chloride 
Thionalidc 

Molybdenum 

a-Benzoinoxiine 

Cinchonine 

8-Hydroxyquinoline 

Nickel 

Anthranilic acid 

a-Bcnzildioxime 

Cycloheptanedionedioxime 

Cyclohexanedionedioxime 

Dicyandiamidinc 

Dimethylglyoxime 

a-Furildioximc 

8-Hy droxyquinolinc 

Oxalic acid 

Pyridine (+ SCN~) 
Salicylaldoxime 

Niobium 

N-Benzoylphenylhydroxylamine 

Cupfcrron 

8-Hydroxyquinoline 
Phenylarsonic acid 

Tannin 

Osmium 

Benzotriazolc 

Palladium 

p-Aminoacetophcnone 

a-Benzildioxime 

Cycloheptanedionedioxime 

Cyclohexanedionedioxime 

Dimethylglyoxime 

/9-Furaldoxime 

m-Nitrobenzoic acid 

l-Nitroso-2-naphthol 

Quinaldinic acid 

Salicylaldoxime 

Platinum 

Formic acid 

Plutonium 

Benzoic acid 

Mandelic acid 
m-Nitrobenzoic acid 
Phenylarsonic acid 

Picrolonic acid 
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Table 5-3. ( Continued ) 


The Metals 


Potassium 

Dipicrylamine 

Tetraphenylboron 

Rhenium 

Nitron 

Tetraphenylarsonium chloride 

Rubidium 

Dipicrylamine 

Tetraphenylboron 

Scandium 

Oxalate 

Silver 

Ethylenediamine (+ I") 
Hydroquinone 
Propylcnediamine (+ I - ) 
Quinoline-8-carboxylic acid 
Thionalide 

Sodium 

Acetic acid 

Strontium 

Oxalic acid 

Tantalum 

N-Benzoylphenylhydroxylamine 

Cupferron 

Phenylarsonic acid 

Tannin 

Thallium 

8-Hydroxyquinoline 
Mercaptobenzothiazole 
Tetraphenylarsonium chloride 
Thionalide 

Thorium 

N-Benzoylphenylhydroxylamine 
m-Cresoxyacetic acid 

Cupferron 

8-Hydroxyquinoline 
m-Nitrobenzoic acid 

Oxalic acid 

Phenylarsonic acid 

Pierolonic acid 

Quinaldinic acid 

Sebacic acid 

Sodium naphthionate 

Tannin 

Tin 

N-Benzoylphenylhydroxylamine 
m-Cresoxyacetic acid 

Cupferron 

Phenylarsonic acid 

Tannin 

Tetraphenylarsonium chloride 
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Table 5-3. ( Continued ) 

The Metals 

Titanium 

N-Benzoylphenylhydroxylamine 
m-Cresoxyacctic acid 

Cupferron 

5,7-Dibromo-8-hydroxyquinoIine 
p-Hydroxyphenylarsonic acid 
8-Hydroxyqumoline 

Tannin + antipyrinc 

Tungsten 

Benzidine 

a-Benzoinoximc 

Cinchonine 

8-Hydroxyquinolinc 

Nitron 

Tannin -{- antipyrinc 

Uranium 

Benzoic acid 

Cupferron 

Ethylenediamine 

8-Hydroxyquinoline 

Quinaldinic acid 

Tannin 

Vanadium 

N-Benzoylphenylhydroxylamine 

Cupferron 

8-H> droxyquinoline 

Zinc 

Anlhranilic acid 
8-Hydroxyquinaldine 
8-Hydroxyquinoline 
/S-Naphlhoquinofine 

Oxalic acid 

Picrolonic acid 

Pyridine (+ SCN") 

Quinaldinic acid 

Salicylaldoxime 
Tetraphenylarsonium chloride 

Zirconium 

N-Benzoylphenylhydroxylamine 
p-Bromomandelic acid 
p-Chloromandelic acid 
m-Cresoxyacetic acid 

Cupferron 

p-Hydroxyphenylarsonic acid 
8-Hydroxyquinoline 

Mandelic acid 
m-Nitrobenzoic acid 

Phthalic acid 
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Table 5-3. ( Continued ) 
The Metals 


Zirconium 

Phenylarsonic acid 
n-Propylarsonic acid 
Quinaldinic acid 

Tannic acid 


The Anions 

Ferricyanide 

Benzidine 

Ferrocyanide 

Benzidine 

Fluoborate 

Nitron 

Fluoride 

Triphenyltin chloride 

Molybdate 

Sec Molybdenum 

Nitrate 

Nitron 

Perchlorate 

Nitron 

Periodate 

Tetraphenylarsonium chloride 

Permanganate 

Sec Manganese 

Rerrhcnate 

See Rhenium 

Sulfate 

Benzidine 

4-Ghloro-4'-aminodiphenyl 

4,4'-Diaminodiphenyl 

Tungstate 

See Tungsten 

Vanadate 

See Vanadium 


ANALYTICAL CHARACTERISTICS OF MAJOR ORGANIC 

PRECIPITANTS 

A brief discussion of the analytical characteristics of the more important or- 
ganic precipitants is given in the following sections. 

Acetic Acid ( Sodium or Ammonium Salt).— 

CH 3 COONa 

Solubility.— Soluble in water. 

Reagent.— A 12-30% aqueous solution. 

Reactions,— When a neutral solution containing iron(III) ions is boiled with 
0c Ulrn or ammonium acetate, the iron is completely precipitated as basic iron(III) 
aeetate. This reaction has been used principally for the separation of iron from 
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cobalt, copper, manganese, nickel, and zinc. Aluminum is not precipitated com- 
pletely when alone, but is precipitated in the presence of iron(III). Ce(lV), tho- 
rium. and zirconium are also precipitated from a boiling solution of an acetate, 
but the method is not applicable to the precipitation of chromium, some rare 
earths, and uranium. 

Sodium is precipitated as a slightly soluble triple acetate with the uraityl ion. 
(Page 13, vol. I). The precipitate corresponds to the general formula NaM(U0 2 ) 3 - 
(C,,H 3 O.,) 0 -6H«O in which M represents magnesium, zinc, nickel, and certain 
other divalent metals. Salts with magnesium and zinc are most satisfactory. Other 
alkali metals (except lithium) do not interfere. Ammonium, barium, calcium, and 
magnesium are not precipitated. 

Alizarin Blue.— 


O 



O 


Solubility.— Slightly soluble in p>ridinc; insoluble in water. 

Reagent Solution.— A saturated solution in pyridine. 

Reactions.— In a 3 N sulfuric acid solution only the coppcr(II) ion is precipitated 
by this reagent.' 13 In ammoniacal solution cadmium, nickel, and zinc also pre- 
cipitate. This is said to be a specific reagent for copper. 
p-Aminoacetophenone.— 



Solubility.— Soluble in ether, ethyl alcohol, and water. 

Reagent.— Dissolve 1 g. of reagent in 100 ml. of 2% ethyl alcohol. 

Reactions.— Palladium is precipitated by the reagent from a neutral or slightly 
acidic solution of palladium(II) chloride. This reaction is used to separate pal- 
ladium from other cations, especially iridium, osmium, platinum, rhodium, and 
ruthenium, and also gold and iron. Cerium interferes. 31 

Anthranilic Acid.— 

I^Ncooh 


Solubility.— Soluble in acetone, ethyl alcohol, and water. 

Reagent Solution.— A 1% solution of the acid in water, adjusted with sodium 
hydroxide to a pH of 6; also a 3% aqueous solution of die sodium salt. 

33 reigl, r., and Caldas, A., Anal. Chim. Acta, 8, 339, 1953. 

34 Schojaal. R.. Mikrocheiuie 24, 20, 1938; J. Chcm. Soc., 1938, 1099; de Hovre, E.. Ing. 
chim. 35^ ^ ‘ 
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Reactions— In a slightly acidic or neutral solution the reagent forms insoluble 
salts with cadmium, cobalt, copper, iron, lead, manganese, mercury(II), nickel, pal- 
ladium^!), silver, and zinc.'* 5 Precipitations with anthranilic acid must be made 
at controlled pH. The range is roughly 3.5 to 5.3 except copper which is re- 
ported as 1.4 to 2.8. The reagent is largely limited in use to the precipitation of a 
single substance from a relatively pure solution, and finds little application in sep- 
aration procedures. 

Arsonic Acids .— A number of reagents of the general formula 


R— AsO(OH)a 


react selectively with thorium,** 15 tin, 37 titanium, 3S and zirconium. 30 Other ions 
which yield precipitates with these reagents are: bismuth, ccrium(IV), hafnium, 
lead, niobium, tantalum, tungsten(VI), and uranium(IV). The alkali metals, alka- 
line earth metals, transition elements, and most of the common heavy metals do 
not form insoluble salts with the arsonic acids in acidic solutions. The arsonic 
adds most frequently used arc phenylarsouic acid, //-propylarsonic acid, 50 /j-liy- 
clroxyphenylarsouic acid, 38 and //•u-butylphenylarson ,v acid. 40 These reagents are 
soluble in ethyl alcohol and water, and are commonly used in 2.5 to 10% aqueous 
solution, freshly prepared. Under certain conditions the arsonic acids are almost 
specific reagents for zirconium, but they have also been used for the determination 
of bismuth, iron, thorium, tin, and titanium. 

Phenylarsouic Acid.— This reagent is used to precipitate zirconium from a 10% 
by volume solution of hydrochloric acid. 30 This precipitation may be carried out 
in die presence of aluminum, beryllium, bismuth, copper, iron(II), manganese(II), 
nickel, rare earths(III), and zinc. When used for the determination of zirconium 
in steel, 41 chromium, copper, molybdenum, nickel, thorium, titanium, and vana- 
dium do not interfere, although tin is partially precipitated. The reagent is also 
used for the determination of thorium, 4 '- lead, 43 bismuth, 14 and tin. 37 * 48 

Propylarsonic Acid.— This reagent has been used for the determination of zir- 
conium in steel. 50 - 44 

p-Hydroxyplienylarsonic Acid.— This reagent has been recommended for the de- 
termination of titanium and zirconium, or zirconium in the presence of titanium. 38 
Titanium is precipitated from approximately 0.6 N hydrochloric acid or 1.8 N 
sulfuric acid. Zirconium is precipitated from solutions having a normality as high 
3 N, and is separated from titanium in the presence of hydrogen peroxide. 
Titanium(IV) is separated from aluminum, beryllium, calcium, cerium(III), chro- 
mium, cobalt, iron, magnesium, manganese, molybdenum, nickel, thallium(III), 


35 Funk. H.. and Ditt, M., Z. anal. Cheiu. 91, 332, 1933; 93, 211, 1933; 96, 385, 1931; 
ho fi 1, Holmes, F., Reed, K. G., and Crimmin, W. R. C., Anal. Chhn. Acta., 15, 
312, 1956; Shennan, R. J„ Smith, J. FI. F., and Ward, A. M„ Analyst, 61, 395, 1936. 

30 Rice, A. C., Fogg, FI. C., and James, C., J. Am. Cliem. Soc., -18, S95, 1926. 

31 Knapper, J. S., Craig, K. A., and Chandlee, G. C., J. Am. Chem. Soc., 55, 3945, 1933; 
Kuznetsov, V. I., J. Applied Chem. (U.S.S.R.), 13, 1512, 1910. 

38 Simpson, C. T., ancl Chandlee, G. C., Inch Eng. Chem., Anal. Ed., 10, 6-12, 1938. 

Arnold, F. W., and Chandlee, G. C., J. Am. Chem. Soc., 57, 8, 1935. 
o Craig, K. A., and Chandlee, G. C., J. Ain. Chem. Soc., 56, 1278, 1934. 

~eist, H. H., and Chandlee, G. C., Ind. Eng. Chem., Anal. Ed., 9, 169 1937. 

" ” 1C ?’ A. C„ U. S. Bur. Mines Rept., Invest. No. 4919, 13, 1952. 

Majumdar, A. K., and Sen Sarma, R. N., J. Indian Chem. Soc., 28, 654, 1951. 

Majumdar, A. K., J. Indian Chem. Soc., 21, 119, 187, 188, 1944- oo gjg j9.tr, 

1 ortnov, A, I., Zhur. Anal. Khim., 9, 175, 1954. ” ’ ' ' 
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uranium(VI), vanadium(IV), and zinc. Tin(lV) is precipitated by tills reagent 
from 0.5 N HCL 45 

p-n-Butylphenylarsonic Add.— Iron is precipitated quantitatively from acidic so- 
lution in the presence of many ions, including aluminum, beryllium, cadmium, 
cobalt, copper, erbium, lanthanum, magnesium, manganese, neodymium, nickel, 
potassium, vanadium, and zinc 40 

Benzidine.— 

KX> nh 2 

Soluhility.-Soluble in alcohol and ether; slightly soluble in water. Tlie hydro- 
chloride is soluble in water. 

Reagent Solution.— Shake 8 g. of benzidine hydrochloride with 1 liter of water 
and filter. Prepare weekly. 

Reactions.— Sulfate is precipitated as benzidine sulfate, Cj 1 ,H I2 N 2 , H 2 S0 4 , from a 
slightly acidic solution which is free from oxidizing agents, but which may contain 
aluminum, chromium(UI), cobalt, copper, iron(II), mangancse(II), nickel, and 
zinc. 40 The precipitate can be weighed, or titrated with standard sodium hydrox- 
ide with phenolphthalein as indicator. 

The tungstate ion is also precipitated quantitatively from an acidic solution, but 
the precipitate must be ignited to the oxide for weighing. 4 * 

a-Benzildioxime (Diphenylglyoxime).— 

OrrQ 

HON NOH 

Solubility.— Soluble in acetone; slightly soluble in ethyl alcohol; almost insol- 
uble in acetic acid, ether, and water. 

Reagent Solution.— A 0.02% solution in acetone or ethyl alcohol. 

Reactions.— Like dimethylglyoxime, a-benzildioxime forms insoluble compounds 
with nickel and palladium. This reagent is reported to form a less soluble nickel 
complex than that with dimethylglyoxime. 48 

Benzoic Acid.— 

|^\jCOOH 

Solubility.— Soluble in acetone and ethyl alcohol; slightly soluble in water. 

Reagent Solution.— Dissolve 10 g. ammonium benzoate in 100 ml. of water; 
stable in glass containers if thymol is added. 

Reactions.— In dilute acetic acid solution aluminum, iron(III), and chromium(III) 
are completely precipitated by boiling with ammonium benzoate. 49 Under die 

48 Raschig, F., Z. angew. Chem., 16, 617, 818, 1903; 19, 331, 1906; Friedheim, C., and 
Nydegger, O., Z. anal. Chem., 49, 464, 1910. 

47 'on Knorre, G, Z. anal. Chem., 47, 37, 1908; 49, 461, 1910; Ber., 38, 783, 1905. 

48 Atack, F. W, Chem. Ztg., 27, 773, 1913; Analjst, 38, 316. 1913. 

49 Kolthoff, I. M., Sienger, V. A., and Moskorvitz, B., J. Am. Chem. Soc., 56, 812, 1934; 

Smales, A. A., Analjst, 72, 14, 1947; Osborn, G. H., and Teusbury, A., Anal. Chim. Acta, 
3, 108, 1949. J 1 
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same conditions ammonium, barium, cadmium, cerium(III), cobalt, iron(II), lith- 
ium, magnesium, manganese, mercury(II), nickel, potassium, sodium, strontium, 
vanadium(IV), and zinc are not precipitated. Bismuth, cerium(IV), tin(IV), ti- 
tanium(IV), and zirconium are completely precipitated, and beryllium, copper, 
lead, tin(II), titanium(III), and uranium are partially precipitated. Many impor- 
tant separations have been based on the use of this reagent. 19 - 50 
ft-Benzoinoxime (Cupron).— 



OH NOH 


Solubility.— Soluble in acetone, ethyl alcohol, and ether; insoluble in water. 

Reagent Solution.— A I or 2% solution in ethyl alcohol. Stable for long periods. 

Reactions.— Copper is precipitated from an ammoniacal tartrate solution as a 
green, flocculent compound. 51 This serves to separate copper from aluminum, 
cadmium, cobalt, iron, lead, nickel, and zinc. The precipitate, Cu(C u H n O.,N), 
contains 22.01% copper, and may be weighed after drying at 110°C. 

Molybdate and tungstate ions are precipitated quantitatively from strongly 
acidic solutions. Other ions which precipitate completely or partially under the 
same conditions are chromate, niobate, palladium(II), tantalate, and vanadate. 
Molybdate 52 and tungstate can be precipitated from a solution containing chro- 
mate or vanadate if the latter are first reduced with ferrous sulfate. 

Benzotriazole.— 



Solubility.— Soluble in benzene, ethyl alcohol, and water. 

Reagent Solution.— A 2% aqueous solution. 

Reactions.— This reagent has been used for the precipitation of silver, 53 but 
cadmium, cobalt, copper, iron(Il), nickel, and zinc are also precipitated. In the 
presence of EDTA benzotriazole appears to be a specific precipitant for silver. 51 

The reagent precipitates copper quantitatively from an acetate-tartrate solution 
of pH 7.0 to 8.5. 55 Other ions that are precipitated under the same conditions 
are cadmium, cobalt, iron(II), nickel, silver, and zinc. On the other hand, ions 
that are not precipitated are aluminum, antimony, arsenic, chromium, iron(lll), 
molybdeuum(VI), selenium(IV), and tellurium(IV). The reagent is used for mak- 
ln g a preliminary separation where interfering ions are present. It may be used 
to advantage in making a dean separation from antimony, arsenic, molybdenum, 
selenium, and tellurium, which Interfere with the iodometric determination of 
copper. Osmium is precipitated from an acetic acid-sodium acetate solution. 55 

50 Jewsbury, A., and Osborn, G. H., Anal. Chim. Acta, 3, 642, 1919. 

-I J'.e'S 1 - F-. Ber., 36, 2083, 1923; Mikrochemie, 1, 76, 1923. 

-Wles, H. B., Bur. Standards J. Research, 9, I, 1932. 
s .„ Rei n in gton, W. J., and Moyer, H. V., Dissertation Abstr., 24, Columbus, Ohio, Ohio 
°tate Umv. Press, 1937. 

^ Cheng, K. L„ Anal. Chem., 26, 1038, 1954. 

J’ A - lnd - Eng- Chem., Anal. Ed., 13, 349, 1941. 

"‘Ison, R. E„ and Baye, L. J., Talanta, 1, 351-4, 1958. 
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Solubility-Soluble in water and hot ethyl alcohol. 

Reagent Solution— A 1% aqueous solution of the potassium salt. 

Reactions.-This reagent precipitates many ions under various conditions, and 
lias been used in a number of useful analytical separations. 01 Bismuth is precipi- 
tated from a 0.1 N nitric acid solution. Under these conditions the following 
ions do not precipitate: alkaline earths; aluminum; beryllium; chromium(III); 
cobalt; magnesium; manganese; nickel; rare earths; thorium; titanium; uranium; 
and zirconium. In 0.1 A r hydrochloric acid cerium(III) and iron(II) do not inter- 
fere. At pH 1.5 to 2.5, and in the presence of citrate or tartrate, arsenic(III), 
cerium(IV), molybdate, and tungstate do not interfere. 

In 0.1 A r hydrochloric or sulfuric acid, arsenic and antimony are precipitated. 
At pH 6 to 8, and in the presence of citrate or tartrate, cadmium, copper, lead, 
mercurv(II), palladium, silver, and thallium(I) are precipitated. Thallium(I) is pre- 
cipitated over the pH range 1 to 13; silver from a 0.2 N nitric acid solution up 
to a slightly basic solution; palladium from 0.1 N acid to a slightly basic solution; 
and lead over the pH range 3 to 6.5. 

}> -Bromomandelic Acid.— This reagent is similar to matulelic acid, but is a more 
sensitive precipitant for zirconium. 05 

Chloranilic Acid ( 2,5-Dichloro-3 ,6-dihydroxy-l ,-f-benzo(juinone).~ 



O 


Solubility.— Slightly soluble in water. 

Reagent Solution.— A 0.1% aqueous solution. 

Reactions.— The reagent forms insoluble compounds with calcium, barium, 
strontium, copper, and manganese. 00 It also yields precipitates with bismuth, 
cadmium, cobalt, lead, mercury(If), silver, and zirconium. 
■iChloro-t'-aminodiphenyl.— 



Solubility.— Hydrochloride sparingly soluble in water. 

Reagent Solution.— Dissolve 2.4 g. of the reagent hydrochloride in 800 ml. of water 
containing 50 ml. of 1 N hydrochloric acid, and dilute to one liter. 

Reactions.— Like benzidine, this reagent forms an insoluble, sulfate. Preripita- 
j lon 1S best carried out in a solution of pH 1.0 to 2.0, and the sulfate is said to be 
css soluble than that of benzidine or diaminololanc. 07 Oxalate, phosphate, sele- 
nate ’ uncl tellurite also form insoluble salts. Acetate, bromide, chloride, citrate, 


I6fi! uS! n i6i r '4i K i958 Ild ' Si " gh ’ U ' R ” Z ' :U,aL Chem - ,M » 262 * “ 113 - {%7 > l55 ’ R 31, 86, 
R- E„ and klingenberg, J. J„ Anal. Chern., 21, 1509, 19-19. 

’t »' jT Ana4* m b%8fl952 ' ‘ 5> * *• 

6 c ler ’ R -> Nutten, A. J., and Stephen, W. I., J. Chcm. Soc., 1953, 1334. 
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iodide, nitrate, and tartrate do not interfere with the sulfate determination. This 
reagent has also been used as a precipitant for molybdate and tungstate in solu- 
tions of pH J.8 to 2.8 and 1.6 to 2.2, respectively. 88 

p-Chloromandelic Acid .— This reagent is similar to mandclic acid, but is a some- 
what more sensitive precipitant for zirconium. 85 
m-Cresoxyacetic Acid.— 


O — CH2 — COOH 


CH, 


Solubility.— Soluble in water. 

Reagent Solution.— A 2% aqueous solution. 

Reactions.— From a neutral or slightly acidic solution, the reagent precipitates 
ions of iron(III), thorium, tin. titanium, and zirconium. In a solution 0.25 A r in 
hydrochloric acid, only zirconium is precipitated. 09 Aluminum, barium, beryllium, 
calcium, the lanthanous, nickel, and uranyl ions do not interfere. lron(III) is par- 
tially precipitated, and sulfate interferes with the zirconium determination. 

Thorium is precipitated from a boiling acidic solution of pH 2 to 3.2 in the 
presence of ammonium nitrate. This reaction is used for the separation of tho- 
rium from the rare earths. 70 

Cupferron (Ammonium nitrosop/ienylhydroxyfaminc).— 


a S - NO 
ONH 4 


^Solubility.— Readily soluble in water. 
vAeagent Solution.— Use a freshly prcpaicd, cold, 5 or 6% aqueous solution. 
The reagent is not scry stable. 

/Reactions.— Cupferron was proposed originally for the separation of copper and 
Iron,?* but has been used for the precipitation of many metals. The elements 
precipitated by cupferron may be divided into groups as follows: 

(a) l'rom weakly acidic or neutral solutions: 

Complete, aluminum, antimony, beryllium, bismuth, cadmium, cerium, cobalt, 
copper, gallium, hafnium, indium, iron, lanthanum, lanthanides, molybdenum, 
niobium, palladium, polonium, scandium, tantalum, thallium, thorium, tin, ti- 
tanium, tungsten, uranium, vanadium, yttrium, and zirconium. 

artial: chromium, gold, lead, manganese, mercury, nickel, silver, and zinc. 

( ) From a 10% by volume mineral acid solution: 
omplete: bismuth, cerium, gallium, hafnium, iron, molybdenum, niobium, p«d- 
lautum, polonium, tantalum, tin, titanium, tungsten, vanadium, and zirconium. 

rartml: actinium, copper, indium, lanthanum, neodymium, praseodymium, rare 
earths, thallium, thorium, and uranium. 

S Venka^amaSh V nd Y» ng ’ Shun *J«"g. Hua Hsuch Hsiieh l*ao, 24, 117.1 £>8. 
■ovSSSah u" ?> nd Bh - S. V. Raghava, Anal. Chcm.. 23, 539. 1951- 
24, 747, 1952 h ’ Ra °’ Bh * S * V * Raghava, and Rao. C. LaWhmaiM, Anal. Cliem., 


SSS?K- °r o hem ‘ Zl f‘ W, ‘298. 1909. 
vaieng, K. 1,.. Analyst, !2fl, 19< 


117 


SPECIFIC AND SELECTIVE PRECIPITANTS 

(c) From a solution of pH 5.5, and in the presence of citrate and EDTA. 

Complete: aluminum, beryllium, cerium, hafnium, iron, niobium, tantalum, tin, 
titanium, uranium, and zirconium. 

Partial: rare earths. 

Cupferron offers few advantages for the determination of the metals, but it has 
been widely used in a number of important separations. 73 - 71 Among these are: 
(1) group separation of iron, titanium, vanadium, and zirconium in strongly acidic 
solution from the alkali metals, the alkaline earths, aluminum, arsenic, cobalt, 
copper, manganese, nickel, phosphorus, and uranium(VI); (2) vanadium from 
uranium(VI), vanadium from phosphorus, vanadium from tungsten in the pres- 
ence of fluoride, iron from pure metals such as aluminum and zinc, uranium(VI) 
from uranium(IV), and niobium and tantalum from various other substances; and 
(3) the removal of undesirable elements as a preliminary to the determination 
of various elements by other methods, e.g., iron in the determination of aluminum. 

1.2- Cycloheptanedionedioxime ( Heptoxime ).— 

H-. 

C 

/ \ 

HoC. C— NOH 

I 

HoC 

I 

HoC C— NOH 

\ / 

C 

Ho 

Solubility.— Slightly soluble in water. 

Reagent Solution.— A saturated aqueous solution. 

Reacdons.-This reagent may be used as a precipitant for nickel and palladium 
in place of dimethylglyoxime. 75 - 73 

1.2- Cyclohexanedionedioxime ( Nioxime ).— 


Ho 

C 

/ \ 

HoC C=NOH 

I I 

HoC C=NOH 

\ / 

C 

Ho 

Solubility. — Slightly soluble in water. 

Reagent Solution.-An 0.8% aqueous solution; stable indefinitely. 

■ 3 Hillebrand, W. F., Lunclell, G. E. F„ Bright, H. A, and Hoffman T T i t 

3k„o,STh -t f"? Jf" Wile >' S »"S. *» Vo*, 195*1 lSS L„ ncldf C 1 p' 

and Knowles, H. B„ J. Ind. Eng. Chem., 12, 344, 1920. eu ’ L - 1 •> 

- 4 Smith, G. I-., Cupferron and Neo-Cupferron, G Frederick i, ru • i ^ „ 

linn Inis, Ohio, 1938. F v liea< -iick Smith Chemical Co., Co- 

i; Y otcr ’ C > and Banks, C. V., Anal. Chem., 21, 1320 1949 

3si 1 1 , C 1951°"' R ’ C '’ V ° ter> R - C - and Banks > C ‘ V - Mikroc'hemie ver. Mikrochim. Acta, 
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Reactions.— Like dimethylglyoxime, this reagent is used for die precipitation of 
nickel and palladium.” Quantitative precipitation of nickel occurs at pH 3.0 or 
higher, and palladium within the range 0.7 to 3.0. It possesses the advantage 
over dimethylglyoxime of being more soluble in water. 

4 /f'-Diaminotolane.- - 


H!N ~0~ cac ~0~ NH 2 


Solubility.— Soluble in acetone. 

Reagent Solution.— Dissolve 1 g. of reagent in 5 ml. of acetone. 

Reactions.— Like benzidine, 4,4'-dijminotoIane precipitates sulfate, but the sul- 
fate of the latter is less soluble than that of benzidine. 78 Precipitation is best car- 
ried out at pH 3.0 to 4.0. Chromate and phosphate interfere, but chromium(VI) 
can be reduced to chroniium(III), which does not interfere. Calcium, magnesium, 
zinc, nitrate, aud perchlorate ions do not interfere. 

5, 7 -Dibromo-8-hydroxy quinoline.— 


Br 



OH 


Solubility.— Soluble in acetic acid, benzene, and cdiyl alcohol; slightly soluble in 
ether, insoluble in cold water. 

Reagent Solution.— A 0.5% solution in acetone, or in acetone acidified with 
hydrochloric or nitric acid. 

Reactions.— This reagent gives reactions similar to those of 8-hydroxyquinolme. 
Useful separations have been based on the fact that copper, iron, and titanium 
aic precipitated from solutions of mineral acids. 70 . 80 

Dimethylglyoxime.— 

CHj — C — C — CH3 

II II 

HON NOH 

Solubility.— Soluble in ethyl alcohol; insoluble in water. 

Reagent Solution.— A 1% alcoholic solution, which is stable indefinitely, or a 
3% solution in 1 N sodium hydroxide. 

Reactions.— Dimethylglyoxime forms insoluble compounds with bismuth, iron(II), 
nickel, palladium, and platinum(ll). 8 i At pH below 5, only nickel and palladium 
form insoluble compounds. Precipitation of nickel from an ammoniacal tartrate 
solution may be used to separate this element from a large number of elements 

rr Voter, R. C., Banks, C. V., and Diehl, H., Anal. Chem., 20, 458, 1948. 

rs Belcher, R., Kapel, M , and Nutten. A. J.. Anal. Chim. Acta, 8, 122, 1953. 

Haase, L. W„ Z. anal. Chem., 78, 113, 1929. 

so Berg R., and Kustenmacher, H., Z. anorg. allgem. Chem., 204, 215, 1932. 

si Diehl, H., The Applications of the Dioximcs to Analytical Chemistry, G. Frederick 
smith Chemical Co., Columbus, Ohio, 1940. 
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with which it is commonly associated; 82 these include aluminum, antimony, ax- 
senic, bismuth, cadmium, chromium, cobalt, copper, iron, lead, manganese, mer- 
cury, molybdenum, tin, and zinc. _ . . 

Palladium(II) is precipitated from dilute hydrochloric or sulfuric acul solution. 
Bismuth, as the chloride or nitrate, when treated with the reagent and made 
strongly basic with ammonia, gives a voluminous yellow precipitate. 

Dipicrylamine ( Hexanitrodiphenylamine ).— 


NO-, NO-. 



Solubility.— Soluble in acetone and ether; slightly soluble in water; insoluble in 
mineral acids, carbon tetrachloride, chloroform, benzene, and ethyl alcohol. 

Reagent Solution.— (a) Magnesium dipicrylaminate: mix 5 g. of magnesium ox- 
ide with 12 g. of reagent and add 400 ml. of water. Stir, let stand 15 to 20 hours, 
and filter, (b) Sodium dipicrylaminate: mix the reagent with a small excess of 
sodium carbonate, and add water to make a 3% solution. ' 

Reactions.— The sodium or magnesium salt of this reagent forms a slightly sol- 
uble, red, crystalline precipitate with potassium. 81 Cesium and rubidium also 
yield precipitates with the reagent, but calcium, lithium, magnesium, anti sodium 
do not. The potassium precipitate is K-C 12 N 7 0 12 PI !l , and contains 8.194% po- 
tassium. 

Ethylenediamine.— 

HoN — C.H 2 — CH-> — NH» 


Solubility.— Soluble in ethyl alcohol and water; slightly soluble in ether; insol- 
uble in benzene. 

Reagent Solution.— Use pure ethylenediamine. 

Reactions.-This reagent reacts with the copper(II) ion to form a complex, 
[Cu(en) 2 ] ++, where en = H 2 N— CH 2 — CH 2 — NH 2 . This complex ion forms with 
the iodo complexes of cadmium and mercury insoluble compounds having the 
following composition: [Cu(en) 2 ][CdI^] and [Cu(en) 2 ][HgI.,]. These reactions are 
used to precipitate cadmium, copper, and mercury. 85 Palladium is also precipi- 
tated quantitatively as [Pd(en) 2 ][Hgi. } ] in the pH range 6 to 8. so 

p-Furfuraldoxime.— 

HC CH 

II II 

HC C — CH=NOH 

\ / 

O 


Solubility.— Soluble in acetone, ethyl alcohol, and water. 

Reagent Solution.-Dissolve 10 g. of the reagent in 100 ml. of ethyl alcohol. 


82 Brunck, O., Z. angew. Chem., 20, 834, 1907. 

83 Wunder, M., and Thuringer, V., Chem. Zt" tiil WO 1019- A,,,-, , , . 

appl. 17, 201, 328, 1912; Z. anal. Chem., 52, 101, 660, 740, 1913. JU A anaL chmi - 

Kolthoff, I. M., and Bendix, G. Ind. En°\ Chem Ami fh ii n i mon •*«,. 

A., and Maas, H., Angew. Chem., 49, 827, 1936. ° ” ’ *^9; Mmkel, 

S5 Spacu, G., and Suciu, G., Z. anal. Cliem., 77, 334 1920 
so Watt, G. W„ Sowards, D. M., and McCarley, R. E., Anal. Chem., 28, 556, 1956. 
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Reactions.— Palladium is precipitated as Pd(C 4 H 3 OCHNOH).,CI 2 from a solu' 
tion that is 3% in hydrochloric acid. 87 The following do not interfere: alkali 
metals; alkaline earth metals; aluminum; antimony; arsenic; bismuth; borate; cad- 
mium; cerium(III); cobalt; chromium; copper; iron (III); manganese; mercury (II); 
molybdenum (VI); nickel; nitrate; osmium (IV); phosphate; platinum (IV); rho- 
dium(III); ruthenium(III); selenium(IV); sulfate; thorium; tin; titanium(IV); tung' 
state; vanadium (V); zinc and zirconium. Interfering substances are gold, ce' 
rium(IV), and elements whose chlorides are insoluble. 

a-Furildioxime.— 


U--0-O 


O I! II O 
HON NOH 


Solubility.— Soluble itt ether and ethyl alcohol. 

Reagent Solution.— Dissolve 2 g. of reagent in 100 ml. of hot water, or in suf- 
ficient warm ethyl alcohol to form a 10 to 15% solution. 

Reactions.This reagent is similar to dimcthylglyoximc in its reactions with nickel 
and palladium. 88 The nickel complex is less soluble that! that with dimethylgly- 
oxime and has a smaller nickel content. The great advantage of this reagent is 
its water solubility. 

Hydroquinone.— 


OH 



OH 


Solubility.— Soluble in ether and ethyl alcohol; moderately soluble in watei; 
slightly soluble in benzene. 

Reagent Solution.— A 1% aqueous solution. 

Reactions.— In a cold 1.2 Af solution of hydrochloric acid, gold is reduced and 
quantitatively precipitated as the free metal by hydroquinone. Platinum and pah 
ladium do not interfere. 89 Silver is also precipitated as the metal by this reagent. 00 
2-(p-Hydroxyphenyl)benzimidazole.— 



OH 


87 Hayes, J. R., and Chandlee, G. C., Ind. Eng. Chem., Anal. Ed., 14, 491, 1942. 

88 Soule, B. A., J. Am. Chem. Soc., 47, 981, 1925; Reed, S. A., and Banks, C. V., Pioc. 
Iowa Acad. Sci., 55, 267, 1948. 

89 Beamish, F. E., Russell, J. J., and Seath, J., Ind. Eng. Chem., Anal. Ed., 9, 174, 1937. 
99 Mitranescu, M, Acad. rep. populare Routine, Baza cercetari stiint. Timisoara Studii 

cercetari stiint., Ser. stiinte chim , 5, Nos. 3-4, 3, 45, 1958- 
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Solubility.— Soluble in alcohol. ..... 

Reagen/solution.— Dissolve 1 g. of reagent in 100 ml. of 95% ethyl alcohol. 

Reactions.— Th is compound is a selective reagent for mercuiy. 1 reel pi a- 
tion is complete in the range pH 6.0 to 7.0. and citrate is used to prevent pre- 
cipitation of hydroxides. 01 Aluminum, arsenic, barium, bismuth, cadmium, chro- 
mium, cobalt, copper, iron, lead, magnesium, manganese, nickel, potassium, silver, 
sodium, tin(II), and zinc do not form precipitates. 

2-{o-Hydroxyphenyl)benzoxazole.— 



Solubility.— Soluble in alcohol. 

Reagent Solution.— Dissolve 1 g. of the reagent in 100 ml. of 95% ethyl alcohol. 

Reactions.— This reagent has been used as a precipitant for cadmium. 0 - The 
only common ions which interfere are cobalt, copper, and nickel. Copper pre- 
cipitates at pH 3.5 to 4.0, and can, therefore, be removed by precipitation in acid 
solution. Cadmium does not begin to precipitate in the presence of tartrate until 
pH 6.5, and is best precipitated at pH 11.0 to 12.0. Under these conditions cal- 
cium is precipitated as the tartrate. 

Palladium may be precipitated by adding the reagent to a slightly acidic solu- 
tion containing two volumes of ethyl alcohol. Aluminum, copper, iridium (IV), 
iron(III), magnesium, nickel, osmium, platinum(II), rhodium(II), and zinc do not 
interfere. 03 

8-Hydroxyquinaldine (2-methyl-8-hydr oxy quinoline).— 



Solubility.— Soluble in benzene, ether, and ethyl alcohol; insoluble in water. 

Reagent Solution.— Dissolve 5 g. of reagent in 12 ml. glacial acetic acid and 
dilute to 100 ml. with water. 

Reactions.— This reagent is more selective than 8-hydroxyquinoline. 04 In acetic 
acid-acetate solution the following ions yield precipitates: bismuth; cadmium; 
chromium; cobalt; copper; indium; iron; manganese; nickel; silver; titanium(IV); 
zinc; molybdate; tungstate; and vanadate. Under the same conditions, aluminum, 
ammonium, barium, beryllium, calcium, lead, magnesium, potassium, and sodium 
do not precipitate. In the presence of tartrate, bismuth and tin(lV) do not pre- 
cipitate. In ammoniacal tartrate solution the ions of the above group except 
aluminum are precipitated, and in addition calcium, lead, magnesium, and stron- 
tium are precipitated. 

With this reagent it is possible to determine zinc in the presence of aluminum, 

91 Walter, J. L„ and Freiser, H„ Anal. Chem., 25, 127, 1953. 

00 Walter, J. L., and Freiser, H., Anal. Chem., 24, 984, 1952. 

93 Wilson, R. F„ and Baye, L. J., Z. anal. Chein., 166, 359, 1959. 

04 Heiritt, L. L., and Walker, J. K., Ind. Eng. Chem. Anal. Ed., 16, 387, 1944. 
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and also in the presence of magnesium. It has also been used for the determina- 

don of indium. 

8-Hydroxyquinoline (oxine, 8-quinolinol).— 


00 


OH N 


Solubi lity.— Soluble in acetic acid, acetone, ethyl alcohol, and chloroform; slightly 
soluble in water. 

Reagent Solution.— (a) A 3% solution in ethyl alcohol or acetone; should be 
protected from light, (b) A 2 to 3% solution in 1 to 2 N acetic acid. This 
solution is prepared by adding the solid reagent to glacial acetic acid, and di- 
luting properly with water. This solution is stable indefinitely if stored in amber 
bottle. For precipitations at high pH, use the alcoholic solution; for low pH, 
use the acetic acid solution. 

Reactions.— 8-Hydroxyquinoline is a non-seIecti\e, though very versatile and useful 
reagent. 98 Generally, this reagent precipitates the same metals as ammonia. By 
the proper control of pH, however, a number of important separations can be 
effected. The ions precipitated by die reagent from two different media are: 88 

(a) From an acetate buffered solution of pH 5.7: 

Complete: Aluminum, bismuth, cadmium, cobalt, copper, gallium, hafnium, 
indium, iron, mercury, molybdenum, neptunium, nickel, niobium, palladium, pro- 
toactinium, plutonium, silver, tantalum, thorium, titanium, tungsten, uranium, 
zinc, and zirconium. 

Paitial: Actinium, antimony, chromium, gold, iridium, lanthanum, osmium, rare 
earths, rhodium, ruthenium, scandium, tin, vanadium, and yttrium. 

(b) From ammoniacal solution of pH greater than 7.5. 

Complete: Actinium, aluminum, beryllium, bismuth, cadmium, cerium, copper, 
gallium, hafnium, indium, iron, lanthanum, magnesium, manganese, mercury, 
neptunium, niobium, palladium, plutonium, protoactinium, rare earths, scandium, 
tantalum, thorium, titanium, uranium, yttrium, zinc, and zirconium. 

Partial: Antimony, barium, caicium, chromium, cobait, gold, iridium, iead, 
molybdenum, nickel, osmium, radium, rhodium, ruthenium, silver, strontium, 
thallium, tin, tungsten, and vanadium. 

(c) Not precipitated: antimony(V), arsenic, cesium, germanium, platinum, polo- 
nium, potassium, rhenium, rubidium, selenium, sodium, tellurium, and thallium(I). 

8-Hydroxyquinoline is useful for the determination of a number of metals, and 
is also useful in many important analytical separations. Examples of these are: 
aluminum from beryllium; magnesium from the alkali and alkaline earths, from 
bismuth, iron, manganese, nickel, and zinc; and zinc from the alkali and alkaline 
earths, from antimony, arsenic, chromium, lead, manganese, and uranium. 

Mandelic Acid.— 

a CH— COOH 

L 


95 Berg. R., Z. anal. Chem., 70, 341. 1927; 71, 23, 171, 321, 369, 1927; 72, 177, 1927; 76, 
191, 1929. Also Berg, R., Das o-Oxychinolin (oxin), F. Enke, Stuttgart, 1936; Hollings- 
hcad, R. G. W., Oxine and Its Derivatives, 4 vols., Butteruoi ths, London, 1954. 

98 Hoffman, J. I., Chemist-Analyst, 49, 126, 1960. 
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Solubility .-Soluble in ether, ethyl alcohol, and water. 

Reagent Solution.-A 2% aqueous solution. 

Reactions.— The reagent has been used principally to precipitate zirconium 
from a hydrochloric acid solution without interference from aluminum, antimony, 
barium, bismuth, cadmium, calcium, cerium, chromium, cobalt, copper, iron, mag- 
nesium, manganese, mercury, nickel, thorium, tin, titanium, uranium, vanadium, 
or zinc! Hafnium also precipitates under the same conditions. 51 ' Mandelic acid 
has also been used to precipitate plutonium," 8 scandium,"" and the rare earths. 100 

Mercaptobenzothiazole ( Kaptax , Vulcacit-mercapto).— 



Solubility.— Slightly soluble in ethyl alcohol, aqueous sodium hydroxide, and 
glacial acetic acid; insoluble in water. 

Reagent Solution.— A 5% solution in ethyl alcohol or an aqueous solution in 
1 N sodium hydroxide. 

Reactions.— This reagent forms insoluble compounds with many metals; these 
are aluminum, beryllium, bismuth, cadmium, 101 copper, 101 gold, iridium, 10 - lead, 
mercury, palladium, 103 platinum, 103 rhodium, 10 * scandium, 105 silver, thallium, 
thorium, and zirconium. In a weakly acidic solution, however, only copper of 
the common metals is precipitated. This makes possible the separation of copper 
from the alkali metals, the alkaline earth metals, cadmium, cobalt, manganese, 
nickel, and zinc. 101 Platinum and palladium are also precipitated from an acidic 
solution. 103 Cadmium is precipitated from an ammoniacal solution. 101 

p-Naphthoquinolme ( 5,6-uapIithoquinolhie ).— 



Solubility.— Soluble in ether, ethyl alcohol, and benzene; insoluble in water. 
Reagent Solution.— A 2.5% solution in 0.5 N sulfuric acid. 

Reactions.— The reagent precipitates in strong mineral acid solution the ions of 
ismuth, cadmium, copper, iron(III), mercury, uranium, and zinc. These ions are 
precipitated as complex anions. The stability and insolubility increase in the 


21^1579^ 19 S i9 C ' A ” IlUl ' EnS ' Chem '’ Anal - Etl - I9 » 376 > 19 ‘ 17 : Halm, R. B., Anal. Chom., 
II ‘Y.T’ F r> z - nnal. Client., 166, 417, 1959. 

inn * lnailn > I- P-, and Shen, Khan-Si, Zhuv. Anal. Khirn., 15, 31, 1960. 
too u earn: B-, Anal. Client., 26, 476, 1954. 

to ‘'ru aC f ’ G '* and Kuras - M > 2 • anal. Chem., 102, 24, 108, 1935; 104, 88, 1936. 

103 Utnldln i R ’/^ D A nnC l 1 ’ and Beamish, .F. E., Anal. Chem., 23, 514, 1951. 

78, 293, 1948 ’ L ’ and rsebbia - L -> Ann - chlm - applicata, 38, 241, 1948; Gazz. chim. ital., 

' r L ’* nd E J an ’ D - E - Can - J- Research, 27B, 72, 1949. 

111 tea, l. I., Rev. Chint. (Roumania), 11, 336, 1960. 
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order: Cl, Br, I, SCN. In the presence of chloride ions, only bismuth and mer- 
cury are precipitated, with bromide or iodide, bismuth, cadmium, and mercury 
are precipitated; in the presence of nitric or sulfuric acid, uranium and iron(III) 
are precipitated as the thiocyanate complexes. The reagent is useful for the sep- 
aration of cadmium from zinc, and from antimony and zinc. 100 Germanium has 
also been precipitated as the trioxalatogermanate. 107 Both molybdate and tung- 
state are precipitated by the reagent from an acidic solution. 108 Tungstate pre- 
cipitates from a strongly acidic solution while molybdate precipitates from a weakly 
acidic solution; hence, these two ions can be separated by a regulation of die 
acidity of die solution. 

Neocupferron (a-Nitrosonaphthylhydroxylamine, ammonium salt).— 

N— N° 

ONH 4 

Solubility.— Soluble in water. 

Reagent Solution.— Use a 6% aqueous solution; solution not stable. 

Reactions.— Neocupferron gives many of the reactions of cupferron, but die iron 
and copper salts appear to be less soluble and more bulky than the corresponding 
cupferrides. The reagent has been used for the precipitation of traces of iron and 
copper from water without preliminary concentration. 100 

m-Nilrobenzoic Acid — 



N0 2 


Solubility.— Soluble in ether and ethyl alcohol; slightly soluble in water. 

Reagent Solution.— A saturated aqueous solution. 

Reactions.— Thorium is quantitatively precipitated by m-nitrobenzoic acid at pH 
greater dian 2.4. 1 his affords a method for the separation of diorium from ce- 
rium, lanthanum, praseodymium, and neodymium. 110 Thorium can be separated 
from uranium by precipitating at pH 2.6 to 2.8. Other elements precipitated by 
the reagent are cerium(lV), mercury, plutonium(IV), and zirconium. Ccrium(HI) 
and plutonium(lll) are not precipitated. Tin salts hydrolyze to yield a precipitate. 

By a careful control of acidity, m-nitrobenzoic acid is a selective reagent for 
zirconium. 111 Thorium is completely precipitated from 0.02 N nitric acid, but is 
not precipitated from 0.1 N nitric acid or greater. Zirconium, however, is com- 
pletely precipitated from 0.2 N nitric acid; thus thorium and zirconium can be 
separated by precipitation from 0.2 N nitric acid. 

100 Berg, R., and Wurm, O., Ber., GOB, 1604, 1927, Pass, A., and Ward, A. M„ Analyst, 
58, 667, 1933; Hetht, F., and Reissner, R., Z. anal. Chcm.. 103, 88, 1935. 

107 Willard, H. H., and Zuehlke, C. W., Ind. Eng. Client., Anal. Ed., 16, 322, 1944. 

108 Golubtsova, R. B., and Shemyakin, F. M„ Zhui. Anal. Khini., 3, 118, 1948; 4, 232, 
1949; Platunov, B. A., Vestnik Leningrad, Univ., 7, No. 12. Sen Mat., Fiz., i Khini., 137, 

t°9 Baudisch, O., and Holmes, S., Z. anal. Chem., 119, 241, 1940. 

110 Neish, A. C., j. Am. Chem. Soc., 26, 780, 1904; Kolbe, A., and Ahrle, H., Z. angew. 
Chem., 18, 92, 1905. 

111 Osborn, G. H., Analyst, 73, 381, 1948. 
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Nitron (- t,5-Dihydro-l,4-diphenyl-3,5-phenyUmino-l,2,4 triazole ).— 

C 6 H 5 — N N 

| CoH 5 II 



HC C 


N 

I 

C 6 H 5 

Solubility.— Soluble in acetone, benzene, chloroform, and ethyl alcohol; insoluble 
in water. 

Reagent Solution.-Dissolve 10 g. nitron in 100 ml. or 5% acetic acid; protect 
from light. 

Reactions.— Nitron is used to precipitate nitrate, 112 perchlorate, 112 perrhenate, 114 
fluoborate, 115 and tungstate 11,1 ions. Other ions which may yield precipitates are 
bromide, chlorate, chromate, iodide, nitrite, and thiocyanate. Its most important 
use is for the precipitation of nitrate, which separates as C 20 H 10 N.j-HNO. { , and 
perrhenate, which forms as C 20 H 10 N. t -HReO 4 . 

l-Nitwso-2-naphthol.— 



Solubility.— Soluble in acetic acid, benzene, and ethyl alcohol; insoluble in water. 

Reagent Solution.— Use a saturated solution of the reagent in 50% acetic acid. 

Reactions.— This reagent precipitates quantitatively from a slightly acidic solu- 
tion the following ions: cobalt; copper; iron(III); palladium; and zirconium. 
Other ions which are partially precipitated are bismuth, chromium(III), silver, tin, 
titanium, tungsten, uranium, and vanadium. Ions that are not precipitated are 
aluminum, antimony, arsenic, beryllium, cadmium, calcium, lead, magnesium, 
manganese, mercury, nickel, and zinc. The alkali and alkaline earth metals and 
phosphate do not yield precipitates. The most important use for this reagent is 
for die separation of cobalt from large amounts of nickel after prior removal of 
iron. 11 " Cobalt is precipitated as (C 10 H a O.,N) 3 Co. 


112 Busch, M., Ber., 38, 861, 1905; Gutbier. A., Z. angew. Cliem., 18, -191, 1905. 

113 Leobich, O., Z. anal. Chem., 68, 34, 1926. 

^Gcilmann, W., and cowovkers, Z. anorg. aUgem. Chem., 193, 311, 1930; 195 *>89 
1931; 199, 347, 1931; 249, 225, 1942. ’ " ’ 

115 Berkovich, V. L., and Kulyashev, Y. V., J. Applied Chem. (U.S.S.R.), 10, 19*> 1937 
112 Gutbier, A., and Weise, G. L„ Z. anal. Chem., 53, 426, 1914. 
xn wrS G - z - ail gew. Chem., 16, 677, 1904; Schmidt, W., Z. anorg. allgem. Chem 
Chem.%8^409 F ” a “ d Dencke ’ H " Z * anaL Chem - 67 > 86 - 1Q 25; Mayr, C., Z. anal’! 
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Phenylthiohydantoic Acid.— 



N— C — S — C Hz— CO OH 


nh 2 


Solubility.— Soluble in acetone, ether, and ethyl alcohol; slightly soluble in water. 

Reagent Solution.— A saturated aqueous solution. 

Reactions.— In solutions slightly acidified with acetic acid, the reagent precipi- 
tates antimony, bismuth, cadmium, copper, lead, and mercury quantitatively, while 
arsenic, tin, and metals not it) tile hydrogen sulfide group are not precipitated. 
From a hot, slightly ammoniacal solution, the reagent separates cobalt quantitatively 
in one operation from aluminum, arsenic, calcium, chromium, magnesium, man- 
ganese, molybdenum, titanium, tungsten, uranium, vanadium, and zinc.* 18 Iron 
is kept in solution with citrate. Nickel is partially precipitated. 

P fit Italic Acid.— 


coon 

I^/Lcooh 

Solubility.— Soluble in ethyl alcohol; slightly soluble in water and ether. 

Reagent Solution.— Use a 4% aqueous solution; use boiling hot. 

Reactions.—' This reagent precipitates zirconium quantitatively from solutions up 
to 0.35 N in hydrochloric acid. 119 If the acidity is adjusted to 0.3 N in hydro- 
chloric acid, zirconium can be separated from aluminum, beryllium, cerium, iron, 
manganese, nickel, rare earths, thorium, and uranium. Separation from tin, chro- 
mium, titanium, and vanadium requires a second precipitation. Only iron, tho- 
rium, tin, and titanium precipitate from a neutral solution. 

Picrolonic Acid ( l-pnitrophenyl-l-mcthyl-i-mtropyrazol-5-one 


CO— CH— NOj 



Solubility.— Soluble in ethyl alcohol; moderately soluble in water. 

Reagent Solution.— Use of 0.01 M aqueous solution; stable for moderate length 
of time. 

Reactions.— The reagent forms insoluble picrolonates with barium, calcium, cop- 
per, iron, lead, magnesium, manganese, strontium, thorium, and zinc. Procedures 
have been described for the determination of calcium, 120 lead, 121 and thorium. 122 
Calcium is precipitated as Ca(C l0 H-N 4 O 5 ), at pH 4 to 6. Lead is precipitated 
at pH 2 to 6.5, and thorium at pH 2 to s"2. Manganese can be separated from 
aluminum, chromium, iron, and titanium with this reagent. 123 


110 Willard, H. H., and Hall, D., J. Am. Chem. Soc., 44, 2219, 2226, 2237, 2253, 1922. 
110 Purushottam, A., and Rao, Bh. S. V. Ragha\a, Analyst, 75, 634, 1950. 
izoDworzak, R., and Reich-Rohn^ig, W, Z anal. Chem.. 86, 98, 1931. 
laiHcdu, F., Reich-Rohnug, W., and Brantner, H., Z. anal. Chem.. 95, 152, 1933. 
123 Hecht, F., and Ehrmann, W , Z. anal. Chem., 100, 87, 1935. 

123 Gusev, S. I., Zhur. Anal. Khim., 1, 114, 1946. 
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Propylenediamine — 

HoN— CH 2 — CHo— CHo— NHo 

This reagent is used in a manner similar to that for ethylenediamine. 124 Silver is 
precipitated with this reagent as the [AgL,]- complex. 125 
Pyridine.— 



Solubility.— Soluble in ether, ethyl alcohol, and water. 

Reagent Solution.— Pure pyridine used. 

Reactions.— In the presence of thiocyanate ions, pyridine forms insoluble com- 
pounds with cadmium, cobalt, copper, manganese, nickel, and zinc. 121 ' These com- 
pounds have the composition: Co(SCN) 2 Py.,, Mn(SCN) 2 Py 4 , Ni(SCN) 4 Py 4 , Cd- 
(SCN) 2 Py 2 , Cu(SCN) 2 Py 2 , and Zn(SCN) 2 Py._„ where Py = C-H-N. Precipitation is 
carried out by adding potassium thiocyanate and pure pyridine to a neutral or 
faintly acidic solution of the metal ions. Alkali, alkaline earth metals, and mag- 
nesium do not interfere. Lead gives a precipitate of basic thiocyanate. This re- 
agent is useful for the separation of mercury from cadmium, copper, iron, and 
nickel. Iron is precipitated as the hydroxide. 

Pyrogallol.— 


OH 



Solubility.— Soluble in ether, ethyl alcohol, and water; slightly soluble in ben- 
zene and chloroform. 

Reagent Solution.— A 3% solution in air-free water or a solid reagent is used. 

Reactions.— The reagent forms insoluble compounds with antimony 12 " and bis- 
muth. 128 It is used for the separation of antimony from arsenic and for the sep- 
aration of bismuth from lead. It is also used for the determination of antimony 
and bismuth in the presence of arsenic, cadmium, lead, or zinc. 

Quinaldinic Acid ( Quinaldic Acid).— 



Solubility.— Soluble in ether, ethyl alcohol, and water. 

Reagent Solution.— A 1 to 3% aqueous solution of the acid or its sodium salt; 
stable several weeks when stored in an amber bottle. 

Reactions.— The reagent forms insoluble salts with cadmium, cobalt, copper, 
iron(II), iron(III), lead, manganese, mercury(I), mercury(II), molybdate, nickel! 


121 Spacu, G., and Spacu, P„ Z. anal. Chem., 89, 187, 1932. 

125 Spacu, G., and Spacu, P„ Z. anal. Chem., 90, 182, 1932. 

128 Spacu, G„ and Dick, Z. anal. Chem., 71, 97, 442, 1927; 74, 1S8, 1928- 
Weigl, F„ Z. anal. Chinn., 04, 41, 1924. 

1 - s Feigl, F., and Ordelt, H., Z. anal. Chem., 63, 448, 1924. 


76, 273, 1929. 
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paliadium(II), platinum(II), silver, thorium, tungstate, zinc, and zirconium. 120 
Basic salts of aluminum, beryllium, chromium(III), iron (III), and titanium arc 
also formed. The reagent is used to separate zinc from aluminum, beryllium, 
chromium, iron, titanium, and uranium in an ammoniacal tartrate solution; zinc 
from barium, calcium, magnesium, manganese, and phosphate in dilute acetic acid 
solution; copper from cadmium, cobalt, manganese, and nickel, from dilute sul- 
furic acid solution; and copper from arsenic, lead, and phosphate from dilute 
acetic acid. 

Copper is precipitated from a relatively acidic solution, -while cadmium and zinc 
remain in solution. Palladium is precipitated from a hot solution of pH 3 to 7 
containing ammonium chloride and tartaric acid. 130 No common ions interfere. 
Thorium and zirconium yield precipitates at pH 2.7 and 3. 130 This method can be 
used to separate thorium from arsenic, cerium, lanthanum, manganese, mercury, 
neodymium, praseodymium, and yttrium. Zirconium is not precipitated from a cold 
but is precipitated from a hot solution. Uranium is also precipitated. 131 

QuinoIine-8-Carboxylic Acid.— 



COOH 


Solubility.— Soluble in acetone, ether, and ethyl alcohol; slightly soluble in water. 

Reagent Solution.— A saturated aqueous solution. 

Reactions.— Copper is precipitated from an acetic acid solution of pH 3.5 to 4 
by the reagent. Under the same conditions cadmium, cobalt, lead, mercury, nickel, 
and zinc do not precipitate. Silver and gold also yield precipitates with this re- 
agent. 132 Cadmium can be separated from antimony, arsenic, bismuth, and copper 
by precipitating from a dilute sulfuric acid solution containing tartrate. 133 Iron(II) 
is also precipitated iu the presence of tartrate. 

Salicylaldoxime 

f^r~ CH=NOH 

k/LoH 


Solubility.— Soluble in acetone, ether, and ethyl alcohol; slightly soluble in water. 
Reagent Solution.— Dissolve 1 g. of the reagent in 5 ml. of ethyl alcohol, and 
pour slowly, with stirring, into 95 ml. of water at 86° C. 

Reactions.— Salicylaldoxime is used for the precipitation and determination of 
bismuth, 134 copper, 135 lead, 136 nickel, 137 palladium, 138 and zinc. The pH at which 


129 Ray, p„ and Bose, M. K., Z. anal. Chem., 95, 400, 1934; 100, 324, 1935; Mikrochemie, 
17, II, 1935; Ray, P., and Gupta, J., Mikrochem., 17, 14, 1935; 18, 89, 1935. 

iJ® Majumdar, A. K-, and Gupta, J. G. Sen, Z. anal. Chem., 161, 104, 1958; 162, 262, 
1958. 

131 Erametsj, O., Suomen Kemistilehti, I7B, 30, 1944. 

132 Gilbreath, J. R., and Haendler, H. M., Ind. Eng. Chem., Anal. Ed., 14, 866, 1942. 

133 Majumdar, A. K., J. Indian Chem. SoC., 18, 419, 1941; 22, 309, 1945. 

is* Flagg, J. F., and Furman, N. H., Ind. Eng. Chem., Anal Ed., 12, 529, 663, 1940. 
i!.* Ephraim, F., 63, 1928, 1930; 64, 1012, 1215, 1931; Reif, W., Mikrochemie, 9, 424, 
1931; Hecht, F., and Reissner, R., Mikrochemie, 17, 127, 1935. 

i38Ligett, W. B., and Biefeld, L. P. ( Ind. Eng. Chem., Anal. Ed., 13, 813, 1941; Ishibashi, 
M„ and Kishi, H., Bull. Chem. Soc. (Japan), 10, 362, 1935. 
i3i Riley, H., J. Chem. Soc., 1933, 895. 

i38 Holzer, H., Z. anal. Chem., 95, 392, 1933; Gahide, M., Bull. soc. chim. Belg., 45, 9, 
1936. 



129 


SPECIFIC AND SELECTIVE PRECIPITANTS 


precipitation is carried out is important in effecting a number of useful separa- 
tions. Copper is completely precipitated at pH 2.6; nickel begins to precipitate 
at pH 3.3; bismuth from 7.2 to 9.4; and lead precipitates completely at pH 8.9 
or above. In a strongly ammoniacal solution, lead can be separated from cadmium, 
silver, and zinc. Palladium(II) is precipitated from an acidic solution, and can be 
separated from platinum. Vanadium is only partially precipitated from a sulfuric 
acid solution. 

The principal use of this reagent has been for the precipitation of copper, which 
is carried out with very little interference from other ions when the pH of the 
solution is 2.6. 

Sodium Nnphthionate.— 


NFI> 



SOaNa 


Solubility.— Soluble in water. 

Reagent Solution.— A 10% aqueous solution. 

Reactions.— Thorium can be separated from associated cerium earth elements 
by a single precipitation with this reagent. 130 The acidity must be maintained 
within the narrow limits pH 2.3 to 3.2. Cerium earth metals can be determined 
in the filtrate by making basic with ammonia, filtering, washing, and igniting. 

T-Sulfomimidine {o-(p-Toliiyhiilfonamide)aniline).~ 



Solubility,— Soluble in ethyl alcohol and water. 

Reagent Solution.— Dissolve 1 g. of reagent in 140 ml. of 95% ethyl alcohol and 
add GO ml. of water. 

Reactions.— Copper is quantitatively precipitated by the reagent from solutions 
of pH 6.2 to 8.5 as Cu(C 13 H 13 N.,O 2 S).,. 1 '‘ 0 At pH 6.5 the following ions do not 
precipitate: barium; beryllium; cadmium; calcium; chromium(III); cobalt; iricl- 
ium(IV); magnesium; manganese; nickel; strontium; yttrium(III); and zinc. An- 
timony, bismuth, and silver are removed as chlorides, and metals that tend to 
precipitate as hydroxides are masked by tartrate. 

Tannin ( Tannic Acid).— 

Solubility.— Soluble in ethyl alcohol and water; insoluble in chloroform and 
ether. 


Reagent Solution.— A 2% aqueous solution, freshly prepared. 

Reactions.— Tannin has proved extremely useful for die separation and deter- 
nunation of many metals, including aluminum, beryllium, gallium, germanium, 
ra ° y^denum, niobium, tantalum, titanium, tungsten, and uranium. Many other 
metals such as antimony, bismuth, lead, tin, and zirconium are partially precipi- 
tatec as white solids which are readily soluble in dilute acids. A number of 
meta s eit her give no reaction with tannin, or react only on addition of a base. 


n'f * >l ! Ius hottam, A., and Rao, B. S. V. R., Analyst, 75, 555, 1950; Miner, H. S., U 
uon-u 65 ’ BulU No - 212 ' 53 ’ 1923 - 

i ‘man, J. H„ Janetos, N. S., and Chernin, R., Anal. Chein., 32, 1342, 1960. 


S. 
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These include: the alkaline earths; cadmium; cerium; cobalt; copper; magnesium; 
manganese; nickel; platinum; rare earths; thorium; and zinc. These precipitation 
procedures are used in combination with a variety of reagents, such as acetic, 
oxalic, salicylic, and tartaric acids or their salts. They also require a fairly care- 
ful adjustment of the pH of the solution, and are carried out in hot solutions 
containing an electrolyte. 141 From an ammoniacal solution, ions of aluminum, 
beryllium, manganese, niobium, rare earths, tantalum, titanium, uranium, and 
zirconium are precipitated. For the precipitation of titanium, vanadium, and zir- 
conium, and probably also chromium, iron, niobium, tantalum, thorium, and 
uranium, from a tartrate solution, the pH should be between G and 7. 

The metals have been classified into groups depending on their precipitation 
behavior with tannin. These are as follows: Group A includes metals precipitated 
by tannin from a weakly acidic oxalate solution that is half saturated with am- 
monium chloride; these arc niobium, tantalum, and titanium. Group B in- 
cludes metals precipitated by tannin from a neutral tartrate solution containing 
an alkali acetate; these are aluminum, chromium, gallium, hafnium, iron, tho- 
rium, uranium, and zirconium. Group C consists of those elements precipitated 
by tannin from aii ammoniacal tartrate solution; these are beryllium, manganese, 
and the rare earths. 

Important separation procedures in which tannin is used arc: niobium and 
tantalum, 14 - niobium and tantalum from aluminum, thorium, and zirconium; 148 
titanium from zirconium; 144 uranium from niobium, tantalum, and titanium; 143 
aluminum from beryllium; 145 gallium from beryllium, cadmium, cobalt, manga- 
nese, nickel, thorium, and zinc; 140 beryllium from aluminum, chromium, iron, 
thorium, titanium, vanadium, and zirconium, 145 and also tin; 141 germanium from 
aluminum, iron, thorium, and zirconium; 148 and zirconium from niobium and 
tantalum. 149 

T etraphenylarsonium Chloride.— 

(C 6 H 6 ) 4 AsC1 

Solubility.— Soluble in water. 

Reagent Solution.— 0.0 1 to 0.03 M in water. 

Reactions.— The reagent forms insoluble salts with bromide, chromate, fluoride, 
iodate, iodide, molybdate, perchlorate, periodate, permanganate, perrhenate, thio- 
cyanate, and tungstate. 150 It also precipitates the halide complexes of such met- 
als as bismuth, cadmium, gold(III), iron(III), mercury(ll), pktinum(lV), thal- 

141 Hillebrand, W. F., Luudell, G. E. I\, Bright, H. A., and Hoffman, J. I., Applied 
Inorganic Anal) sis, John Wyley and Sons, New York, 1933. 

142 Powell, A. R., and Schoeller, W. R., Anal)st, 50, 485, 1925; Schoellcr, W. R., 
Analyst, 57, 750, 1932, Schoeller, W. R., The Analytical Chemistry of Tantalum and 
Niobium, Chapman and Hall, London, 1937. 

148 schoellcr, W. R„ and Webb, H. W., Analyst, 58, 143, 1933. 

144 1’owell, A. R., and Schoeller, W. R., Analyst, 55, 605, 1930. 

145 Moser, L, and Niessner, M., Monntsh., 48, 113, 1927; Moser, L., and Singer, J., 
Monatsh., 48, 673, 1927. 

148 Moser, L., and BiukI, A., Monatsh., 50, 657, 1928. 

141 Moser, L., and List, F., Monatsh., 51, 1133, 1929. 

148 Holness, G., Anal. Chim. Acta, 2, 254, 1948. 

140 Schoeller, W. R., and Waterhouse, E. F., Analyst, 53, 515, 1928; Schoeller, W. R., 
and Powell, A. R., Analyst, 57, 550, 1932. 

150 Willard, H. H., and Smith, C.. M., Ind. Eng. Chem., Anal. Ed., 11, 186, 269, 1939. 
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lium(III). tin(IV), and zinc, and also that of tellurium. 151 The reagent has been 
used for the determination of cadmium, mercury(II), tellurium, thallium, 152 tin(IV), 
zinc perchlorate, periodate, permanganate, perrhenate, and tungstate. 155 
Tetraphenylboron ( Sodium Salt).— 

(CTD.BNa 


Solubility.— Soluble in water. 

Reagent Solution.— A 2 to 3% or 0.1 M aqueous solution; should be prepared 
every few days. 

Reactions.— This reagent has been used principally for the determination of 
potassium, 154 but other ions which form precipitates are ammonium, cesium, ru- 
bidium, copper(l), mercury(l), 155 silver, and thallium^). 15 ' 1 Procedures have been 
developed for the determination of these ions also. Copper has been separated 
from a large number of cations, except mercury (II), by the homogeneous pre- 
apitation of copper(I) tetraphcnylborate, using ascorbic acid as a reducing 
agent. 137 EDTA may be used to eliminate interference in some precipitations. 
Ions which do not interfere are aluminum, barium, calcium, cadmium, cobalt, 
copper(II), iron(III). lithium, magnesium, nickel, sodium, strontium, zinc, chloride, 
bromide, iodide, acetate, nitrate, perchlorate, and sulfate, 

Thioacetamide.— 


CHx-CS— NH 2 


Solubility.— Soluble in ethyl alcohol and water; slightly soluble in ether. 

Reagent Solution.— A 2 or 5% aqueous solution. 

Reactions.— Thioacetamide hydrolyzes in aqueous solution to form hydrogen 
sulfide, and has beeri extensively used to precipitate metal sulfides. Procedures 
have been described for the precipitation of antimony, arsenic, bismuth, cadmium, 
copper, lead, mercury, molybdenum, and tin. 15s 

Thionalide (Thioglycolic p-amiiionaphthalide).— 



Solubility.— Soluble in acetone, ethyl alcohol, and glacial acetic acid; insoluble 
in water and solutions oP mineral acids. 

Reagent Solution.— A 1 or 2% solution in acetone, ethyl alcohol, or glacial acetic 
acid; this solution should be freshly prepared. 

151 Bode, H., Z. anal. Chem., 13-1, 100, 1951. 

151 Smith, Jr., W. T., Anal. Chem., 20, 937, 19-18. 

1953 3 *"°° ne ' ’ " ' b'niv. Microfilms, Pub. No, 646S; Dissertation Abstracts, 13, 974, 

Cherna ias” a i 9 '\ C °' VOr ^ eiS ' Ann " l " 6, l ®49; Raff, P„ and Brotz, W., Z. anal. 

135 Heyrovsky' A.. Analyst, 85, .432, 1960. 

^hendlandt, W., Anal. Chim. Acta, 16, 216, 1957. 

G -’ Anal - Chem.. 32, 1321, 1960. 

fins iQ-n C - ‘ H " am! Jakobljevich, H., Anal. Chim. Acta, 4, 247, 351, 356, 482, 486, 602, 
Sulfi, To’ 3 ’ ? 0, 152> 1951: l * roacl - w - c * atul Barnard, Jr., A. J., Thioacetamide as a 
I960 Prccipitanl - Pr0( hict Bulletin 10-1, J. T. Baker Chemical Co., Phillipsburg, N. J„ 
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Reactions.— This reagent forms slightly soluble compounds with most of the 
metals of the hydrogen sulfide group. 1 ™ Elements precipitated by thionalide 
under different conditions are grouped as follows: (1) from dilute mineral acids- 
antimony, arsenic, bismuth, copper, gold, mercury, palladium, platinum, ru- 
thenium, silver, and tin; (2) from acetic acid or buffered solution— in addition to 
the elements of group I, cadmium, cobalt, manganese, and thallium arc also pre- 
cipitated; (3) from an ammoniacal solution containing cyanide and tartrate, only 
thallium; (4) from a carbonate solution containing tartrate— cadmium, copper, 
gold, mercury(II), and thallium(I); (5) from a carbonate solution containing 
cyanide and tartrate— antimony, bismuth, gold, lead, thallium, and tin. 

Triphenylmethylarsonium Iodide.— 

(C 6 H 5 ) 3 CH a AsI 

Solubility.— Soluble in 95% ethyl alcohol and 0.5% potassium iodide solution. 

Reagent Solution.— A 0.5% solution in 0.5% potassium iodide. 

Reactions.— This reagent has been used to precipitate cadmium front dilute sul- 
furic acid in the presence of large amounts of zinc. 100 Antimony, arsenic, bis- 
muth, copper, lead, mercury, and silver interfere. 

Triphenyltin Chloride.— 


(C e H t ) 3 SnCl 

Solubility.— Soluble in acetone, ether, and ethyl alcohol; insoluble in water. 

Reagent Solution.— Dissolve 2 g. of the reagent in 100 ml. of 95% ethyl alcohol. 

Reactions.— The reagent precipitates fluoride as insoluble triphenyltin fluoride. 101 
Carbonate, phosphate, and silicic acid interfeie, but moderate amounts of bromide, 
chloride, iodide, nitrate, and sulfate do not. 

INORGANIC PRECIPITANTS 

Very few inorganic precipitants are specific in their action under any condi* 
tions, but some are sufficiently selective to permit their use in a number of im- 
portant separations. For example, hydrochloric acid yields precipitates only with 
lead, mercury(I), silver, and thallium(l) ions, and sulfate ions precipitate only 
barium, lead, and strontium, and perhaps calcium. Further, some nonselective 
precipitants, such as ammonium hydroxide and hydrogen sulfide, which precipi- 
tate many ions, are still extremely useful for special group separations. 

Improved separations using inorganic precipitants have been proposed in which 
masking reagents, such as EDTA, are used. The results of some of these studies 
are given in Table 5-4. 

A selected list of common inorganic precipitants for the metals and anions is 
given in Table 5-5. 

168 Berg, R., and Roebling, W., Her., 68, 403, 1935; Berg, R., Angew. Cliern., 23> 404, 
1934; Z. anal. Chem., 109, 305, 1937; 112, 161, 1938. 

14,0 Dwyer, F. P., and Gibson, N. A., Analyst, 75, 201, 1950. 

101 Allen, N., ami Furman, N. H., J. Am. Chem. Soc., 54, 4625, 1932. 
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Table 5-4. Precipitation with Inorganic Reagents 
in the Presence of EDTA 163 


Reagent 

Chloride 

Iodide 

Fluoride 


Ammonium 
hydroxide 
Sodium hydroxide 

Hydrogen sulfide 


Chromate 

Sulfate 

Tellurite 

Ferrocyanide 


Results 

Silver and thallium precipitate from acetic acid solution. Mer- 
cury is reduced by EDTA and must be oxidized. 

Silver and thallium precipitate from acetic acid solution, but 
only silver precipitates from an ammoniacal solution. 

In a solution of pH 4.0, lanthanum, rare earths, scandium, 
thorium, and yttrium precipitate. Calcium and magnesium 
do not. 

Antimony(III), beryllium, tin(IV), and titanium precipitate. 
Uranium is precipitated as ammonium diuranate. 

Bismuth, hafnium, iron(III), niobium, tantalum, thorium, 
titanium, uranium, and zirconium precipitate. 

Antimony, arsenic, bismuth, mercury, silver, thallium, tita- 
nium precipitate immediately. Cadmium and copper precip- 
itate slowly. 

Barium and thallium precipitate from an acetic acid solution. 

In a solution of pH 4.0, only barium precipitates. Lead and 
strontium do not. 

In a solution of pH 4.0, cesium, sodium, and tin(IV) precipi- 
tate. Potassium and rubidium do not. 

In a solution of pH 2.5, iron(II), manganese(II), silver, zinc, 
zirconium (and hafnium) precipitate. 


162 Pribil, R., Collection Czcchoslov. Chem. Communs., 16, 542, 1951; Chem. Listy, 45, 
57, 1951 ; Cheng, K. L., Anal. Chem., 33, 783, 1961. 


Table 5-5. Inorganic Precipitants 
THE METALS 



Precipitated as 

Precipitant 

Aluminum 

Al(OH) 3 

NH 4 0H,Na 2 S 2 0 3 ,NaN0 2 ,KI + KIO 


AIPOI 

(NH 4 ).»HP0 4 

Ammonium 

(NH 4 ) 2 PtCl 6 

H 2 PtCl« 

Antimony 

Sb 2 S 3 

H 2 S 

Arsenic 

As 2 S 3 

h 2 s 


MgNH 4 As0 4 

Magnesia mixture 


Ag 3 As0 4 

AgN0 3 

Beryllium 

Be(OH) 2 

nh 4 oh, nh.,no 2 


BeNH 4 P0 4 

(nh 4 ) 2 hpo 4 -f nh 4 no 3 

Barium 

BaS0 4 

h,so 4 


BaCr0 4 

K 2 Cr0 4 


Ba(10 3 ) 2 

kio 3 
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Table 5-5. C Continued ) 

THE METALS 


Precipitated as Precipitant 


Bismuth 

(BiO)iCO s 

(NH^iCOi 


BiOCl 

HCI 


BiOI 

KI 


Bi 2 S 3 

H 2 S, Na 2 S 2 0 3 


BiPO< 

(NH 4 ) 2 HP0 4 

Cadmium 

CdS 

h 2 s 


CdMo0 4 

(NH 4 ) 2 Mo0 4 


CdNH 4 P0 4 

(NHi) 2 HP0 4 


Cd 3 [Co(CN) 6 ], 

K 3 [Co(CN) 6 j 

Calcium 

CaW0 4 

Na 2 W0 4 


CaMoOi 

(NH 4 )«Mo0 4 


Ca(I0 3 ) 2 

hio 3 


CaF 2 

KF 

Cerium 

Ce0 2 

H 2 0 2 + NH 4 OH 

Cesium 

CSiPtCU 

H 2 PiC1 b 


Cs 3 [Co(N0 2 ) 6 | 

Na 3 [Co(N0 2 ) 6 ] 

Chromium 

Cr(OH)j 

NHiOH, KCNO, NH 4 NOj, KIO* 
+ KI 


CrP0 4 

(NH 4 ) 2 HP0 4 


Hg 2 Cr0 4 

Hg 2 (N0 3 ) 2 


Ag 2 Cr0 4 

AgNOj 


BaCr0 4 

Ba(C 2 H 3 0 2 ) 2 


PbCr0 4 

Pb(C 2 H 3 0 2 ) 2 

Cobalt 

CoS 

(NH 4 ) 2 S 


CoNH 4 PO< 

(nh 4 ) 2 hpo 4 


K 3 ICo(NO,) 6 } 

kno 2 


Co[Hg(SCN) 4 J 

K 2 [Hg(SCN) 4 ] 

Copper 

CuS 

H 2 S 


Cu 2 (SCN) 2 

nh 4 scn + so 2 


Cu(IO a ) 2 

KIO.i 


Cu(OH) 2 

NaOH 


Cu 

A1 or Zn 

Gallium 

Ga(OH) 3 

NH 4 OH, urea 


Ga4[Fe(CN) 6 l 3 

^[FeCCNJsI 

Germanium 

Mg 2 Ge0 4 

MgS0 4 + (NH 4 ) 2 S0 4 


GeS 2 

h 2 s 

Gold 

Au 

S0 2 , FeS0 4 

Indium 

In(OH) 3 

NH 4 OH, NaOH, BaC0 3 , KCNO 


In 2 S 3 

H2S 


InP0 4 

(nh 4 ) 2 hpo 4 
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Table 5-5. ( Continued ) 

THE METALS 

Precipitated as Precipitant 


Iron 

Fe(OH);, 

FePO, 

FenlCo(CN) 6 ]'. 

Lanthanum 

La(OH)s 

Lead 

PbS 

PbSO., 

PbCr0 4 

PbMoO, 

Pb(IO;,)o 

Pb ;! H,(I0 6 ) 2 

Lith'um 

LiZn(U0 2 );,(C 2 Ha0,) y 

Li : ,PO, 

LijIOs (approx.) 
LiKFcIO* 

Magnesium 

MgNH,PO, 

MgNH ,AsO , 

Manganese 

MnO, 

MnNHiPO, 

Mn 3 (Co(CN)ol 

Mercury 

HgS 

Hg,Cl 2 

Hg 

Hg[Zn(SCN),] 

Hg 5 (IO fl )-. 

Hg[Cr(NH3),(SCN)4l 2 

Hg 2 (IO,j) 2 

Hg(lO.,) 2 

Molyb- 

PbMo0 4 

denum 

M0S5 

Ag>MoO, 

Nickel 

NiS 

Ni(OH).. 

Hi 3 [Co(CN)o] 2 

Palladium 

Pd 

Pd I 

PdS 

Pd(CN), 

Platinum 

(NH 4 ) 2 PtCl 6 


NH jOH. NH-tNOu 

(NH,)sP0 4 

K:i[Co(CN) a ] 

NIL, OH 

H«S 

H.SO., 

K>CrO, 

(NH,) 2 Mo0 4 

KIO;, 

KIO, 

U0 2 (C 2 H*0 2 ) 2 T Zn(C 2 H 3 0;>)2 
Na-jHPO, 

KIO, 

KIO, 

Magnesia mixture 
(NLDjAsO, + NH,Cl 

KClOa + HN0 3 
(NH 4 ) 2 HPO.; 

K 3 [Co(CN)o1 

h 2 s 

HC1 

SnCl 2 

ZnSO., 4- NPLSCN 
KIO4 

Reinecke’s salt 
KIO;, 

KIOj 

Pb(C 2 H ; ,0 2 ) 2 

H 2 S 

AgNO;, 

(NH 4 ).-S, Na 2 S 2 0 3 

NaOH 

K 3 [Co(CN) 6 ] 

N2H4TI2SO4 

KI 

H 2 S 

Hg(CN) 2 

NH4CI 
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Table 5-5. ( Continued ) 

THE METALS 


Precipitated as Precipitant 


Potassium 

KzPtCU 

HaPtClg 


KC10 4 

hcio 4 


K 2 NaICo(N0 2 )6l 

Na 3 [Co(N0 2 )eJ 


KIO 4 

hio 4 

Rhenium 

RtjSi 

h 2 s 

Rubidium 

(Rb, Na) 3 [Co(N0 2 )»] 

Naj[Co(N0 2 ) 6 ] 


RbjPtClo 

H 2 PtCl 6 

Scandium 

Sc(OH)a 

nh 4 oh 


ScF a 

Na 2 SiFs 

Selenium 

Se 

Na 2 S0 3 , S0 2> SnCl 2j N 2 H 4 

Silver 

AgCl 

HCl 


Ag 3 [Co(CN),l 

K 3 [Co(CN) 6 l 

Sodium 

NaZn(U0 2 )j(C 2 H 3 0 2 )». 6H 2 0 

U0 2 (C 2 H s 0 2 ) 2 -f Zn(C 2 H 3 0 2 ): 


Na 6 Csg(Bi(N 0 2 ) 6 js 

KN0 2 -f Bi(N0 3 ) 3 + CsNOa 

Strontium 

SrS0 4 

h 2 so 4 


SrF 2 

KF 


Sr(I0 3 ) 2 

H10 3 

Tellurium 

Te 

n 2 h 4 , h 3 po 2j so 2 

Thallium 

Tl 2 Cr0 4 

K 2 Cr0 4 


T1 3 (Co(N0 2 ) 6 1 

Na 3 [Co(N0 2 )el 


Til 

KI 

Thorium 

Th(I0 3 ) 4 

kio 3 


ThF 4 

nh 4 f 


Th(OH ) 4 

nh 4 oh 

Tin 

Sn(OH ) 4 

nh 4 oh 


SnS 2 

h 2 s 


H 2 Sn0 3 

HNOa 

Titanium 

H 2 [Ti0 2 , Se0 3 ]-2H 2 0 

H 2 Se0 3 


Ti(OH ) 4 

NaOH, NHiOH 


Ti(I0 3 ) 4 -3K10 3 

KIO 3 

Tungsten 

BaW0 4 

BaCla 

Uranium 

(nh 4 ) 2 u 2 o 7 

NH 4 OH 


U0 4 -2H 2 0 

h 2 o 2 

Vanadium 

(Hg 2 ) 3 (V0 4 ) 2 

Hg 2 (N0 3 ) 2 


Ag 3 V0 4 

AgNOa 


Pb 3 (V0 4 ) 2 

Pb(C 2 H 3 0 2 ) 2 
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Table 5-5. ( Continued ) 


THE METALS 



Precipitated as 

Precipitant 

Zinc 

ZnNH.,POi 

(NH 4 )jHP0 4 

ZnS 

H 2 S 


Zn[Hg(SCN).»| 

K 2 [Hb(SCN) 4 | 


KsZn 3 lFc(CN) 6 k 

K,lEc(CN)ci 

Zirconium 

ZrH.(PO«) a 

(NH,)..HPO, 


ZrOScOa 

HjScOa 


ZrOHAsO i 

Na.HAsO, 


THE 

ANIONS 


Precipitated as 

Precipitant 

Borate 

Ca(B0 3 )a 

CaCI. 


Ba(BO,.)a 

BaCla 

Bromide 

AgBr 

AgNOa 

Chloride 

AgCl 

AgNO;, 

Chromate 

See Chromium 


Cyanide 

AgCN 

AgNO., 

Ferricyanide 

Ag 3 [Fc(CN) 6 l 

AgNOa 


[Co(N H.i)g]( Ee(CN)fi] 

lCo(NHa)«ICI 3 

Fcrrocyanide 

Agt[I'e(CN) 6 ] 

AgNOa 

Fluoborutc 

KB Ei 

KC1 

Fluoride 

CaE. 

CaCI 


PbClE 

HCl + Pb(NOa) 2 


ThF.| 

Th(NOa), 

Iodide 

Agl 

AgNO., 


Pdl« 

Pel Cl 2 


Pbl 2 

Pb(CjH a Oj)j 

Molybdate 

See Molybdenum 


Perchlorate 

KClOt 

KC-HaOs 

Phosphate 

(ZrO)HPO, 

ZrCl i 


(NH 4 ) 3 (Mo 0 3 )i a P 04 

(NHi).MoOi + HN0 3 


MgNH.,PO. t 

Magnesia mixture 

Silicate 

Si0 2 

EIC1 

Sulfate 

BaS0 4 

BaCl_> 


[Co(NH 3 ) 6 JBrS0 4 

lCo(NH 3 )«]Br 3 
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Thiocyanate 

Tungstate 

Vanadate 


Table 5-5. ( Continued) 

THE ANIONS 
Precipitated as 

AgSCN AgNOj 

Cu 2 (SCN) 2 CuSO< + SO s 

See Tungsten 
See Vanadium 


Precipitant 



generation of reagents 

IN HOMOGENEOUS PHASE 

By 

Jacob Block 

0!in Maihiestm Chemical Corp., New Haven. Conn. 

E. D. Salesin 

Hast man Kodak Co., Rocliestei, N. V. 

and Louis Gordon 

Case Instiuue of Technology, Cleveland, Ohio 


The modern concept of precipitation from homogeneous solution was introduced 
in 1937 by Willard and Tang. l0: ' In this technique, the precipitating agent is 
generated throughout the solution by a homogeneous chemical reaction. Because 
the reagent is not added directly and thus undesirable concentration eilects are 
avoided, the precipitate formed is dense, readily filterable, and most important, 
exhibits minimal coprecipitation. 

The following procedure is given as an illustrative example of the technique of 
precipitation from homogeneous solution. T his is a procedure lor the determination 
of nickel with climethylglyoxime generated in situ from biacetyl and hydroxylaminc. 

Adjust the pH of the solution containing no more than 200 mg. of nickel to 
7.5 i 0.1 with ammonium hydroxide. Add a quantity of biacetyl equal to six 
times the approximate weight of nickel to be precipitated, but never less than 
U12g. in any case. Next add with stirring, 50 ml. of a solution, adjusted to pH 
7-5 i 0.1 with ammonium hydroxide, containing a quantity of hydroxylamine 
hydrochloride equal to four times the weight of biacetyl added, but in no case 
less than 0.5 g. Adjust the final volume of the solution to 100 ml. if 0.5 to 5 mg. 
of nickel are present, to 200 ml. for 5 to 50 mg., to 300 ml. for 50 to 100 mg., or 
to -100 ml. for 100 to 200 mg. Allow the solution to stand at room temperature 
l°r at least one hour (or longer) after precipitation begins and then heat to 80 to 
DO C. for two hours. Cool the solution, filter, wash the precipitate with water, 
ami dry to constant weight at H0°C. 

Similarly, many ions can be generated at a slow rate so that precipitates with 
'astly improved characteristics are formed. The reactions, elements precipitated, 
tosevse ions studied, and pertinent references will be presented in the following 
paragraphs in outline form; fractional precipitation methods will be omitted. 

or a comprehensive treatment of the entire subject of precipitation from ho- 
mogeneous solution, see Gordon, Salutsky, and Willard. 10 * 

HYDROXIDES AND BASIC SALTS 

Hydrolysis of Urea to Raise the bll of the Solution. 

Reaction 

(NH,),CO + H.O -> 2NH 3 + CO., 

SViUard, H. H., and Tang, N. K., J. Am. Chem. Soc., 59, 1190, 1937. 

Solmir °*i P’ !•’ Salutskv, M. L., and \\illaid, H. H., Precipitation from Homogeneous 

UU0n * John Wiley and Sons, Inc., New York, 1959. 
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HO SEPARATION BY PRECIPITATION 

Elements Precipitated. 

(a) Aluminum (as the basic succinate). 165 - 166 
Quantity Precipitated. 1 to 100 mg. 

Diveise Ions Studied. Ba, Ca, Cd, Co, Cu, Fe, Mg, Mn, Ni, Zn, and phos- 
phate. 

(b) Aluminum (as the basic sulfate). 169 - 165 
Quantity Precipitated. 100 mg. 

Diverse Ions Studied. Ca, Cd, Co, Cu, Mg, Mn, Ni, and Zn. 

(c) Bismuth (as the basic formate). 161 
Quantity Precipitated. 100 to 500 mg. 

Diverse Ions Studied. Pb. 

(d) Gallium (as the basic sulfate). 108 - 169 * 170 
Quantity Precipitated. 10 to 130 mg. 

Diverse Ions Studied. Ca, Mn, and Zu. 

(e) Iron (as the basic formate). 171 * 172 
Quantity Precipitated. 20 to 070 mg. 

Diverse Ions Studied. Ba, Ca, Co, Cd, Cu, Mg, Mn, and Zn. 

(f) Thorium (as the basic formate or sulfate). 173 - 17 * 

Quantity Precipitated. 50 to 100 mg. 

Diverse Ions Studied. Ce, Gd, La, Nd, Pr, and Y. 

(g) Tin (as the basic sulfate). 172 - 175 - 178 
Quantity Precipitated. 150 to 300 mg. 

Diverse Ions Studied. Fe, Mu, and Ni. 

(h) Zirconium (as the basic formate or succinate). 173 
Quantity Precipitated. 100 mg. 

Diverse Ions Studied. Th. 


OXALATES 

Hydrolysis of Esters to Produce Oxalate Ion. 
Dimethyl Oxalate. 

Reaction, 


(CH-OaC^O, + 2HaO -* 2H+ + C 2 0 4 “ + 2CH a OH 

Elements Precipitated. 

(a) Actinium. 177 

Quantity Precipitated. 25 to 40 mg. 

Diverse Ions Studied. AI, Fe. 

165 Willard, H. H., and Tang, N. K., Ind. Eng. Chem., Anal, Ed., 9, 357, 1937. 

u*o Gordon, L., unpublished research. 

iB? Cartwright, P. F. S., Anahst, 85, 216, I960. 

Jos Willard, H. H., and Fogg, H. C., J. Ain. Chem. Soc., 59, 1197, 1937. 
lea Willard, H. H., and Fogg. H. C„ J. Am. Chem. Soc., 59, 2422, 1937. 

170 Willard, H. H., and Fogg, H. C., J. Am. Chem. Soc., 59, 40, 1937. 

171 Willard, H. H., and Sheldon, J. L., Anal. Chem., 22, 1 162, 1950. 
its Sheldon, J. L., Ph.D. dissertation. University of Michigan, 1940. 

173 Cordon, L., Ph.D. dissertation, University of Michigan, 1947. 
in Willard, H. H., and Gordon, L., Anal. Chem., 20, 165, 1948. 

173 Willard, H. H., and Gordon, L., Anal. Chem., 25, 170, 1953. 

i?»Goidon, L., Teicher, H., and Burt, B. P., Anal. Chem., 26, 992, 1954. 

1 77 Salutsky, M. L., and Kirb>, H. W.. AnaL Chem., 28, 1781, 1956. 
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(b) Americium. 178 

Quantity Precipitated. Not given. 

Diverse Ions Studied. La. 

(c) Calcium. 170 * 180 

Quantity Precipitated. 1 to 125 mg. 

Diverse Ions Studied. Ba, Mg. 

(d) Rare Earths. 181 * 18 - 
Quantity Precipitated. 50 to 200 mg. 

Diverse Ions Studied. Rare earths, Ca, Th, and Y. 

(e) Thorium. 171 * 18 -* l83 > lsl * 185 
Quantity Precipitated. 30 to 200 mg. 

Diverse Ions Studied. Rare earths, Al, Ca, Ti, Zr, and phosphate. 

(f) Uranium. 150 

Quantity Precipitated. 10 mg. 

Diverse Ions Studied. Ce, Sc. 

Diethyl Oxalate. 

Reaction. 

(C..H 5 )*.Cj 04 T 2H,0 -> 2H+ + C*Or + ZCTLOH 

Elements Precipitated. 

(a) Magnesium. 187 

Quantity Precipitated. I to 100 mg. 

Diverse Ions Studied. Li. Na, chloride, perchlorate, and sulfate. 

(b) Zinc. 188 - 1S ° 

Quantity Precipitated. 1 to 50 mg. 

Diverse Ions Studied. Ca, Cd, Cu, Fe, Mg, Pb, acetate, chloride, and sulfate. 
Hydrolysis of Urea to Raise the pH of ail Acid Solution Containing the Biox- 
alnte Ion. 

Reactions. 


(NH,),CO + H,Q -> 2NHj + CO* 


NH 3 + HC*0,- -> NH.| + + C 2 0., w 

Element Precipitated. 

Calcium, 111 *). 

Quantity Precipitated. 0.5 to 300 mg. 

Diverse Ions Studied. Al, Cr, Fe, Mg, Mu, Ti, chloride, phosphate, and sulfate. 
Hydrolysis of Acetone Dioxulic Acid . 

!'-! « Cn ! 1:,nn > J- A., Ph.D. dissertation, University of New Mexico, 1935. 
iso . • ■ 0I1 ’ L * and Wroc/ynski, A. F.. Anal. Chem., 21, 896, 1952. 
mr*) m ’ 1 K " 1 - Anal * Abstr., 5, 3633, 1958. 

1 ,,p e,bush * A. M„ Rowley, K.. and Gordon, I... Anal. Chem., 30, 1605, 1958. 

U 3 n!°u l ' f * R-- Skinner, D. L., and Stevens, R. E., Anal. Chem., 27, 1058, 1955. 

i»r . L - and Gordon, I... Anal. Chem., 25, 1256, 1953. 

ittn 0 *: L " Vansclow, C. H., and Willard, H. H.. Anal. Chem., 21, 1323, 1919. 

4 *.?. V., and Edwards, R. F... Anal. Chem., 27, 917, 1955. 

is;r i' J' 1 and Gordon, I.., unpublished research. 

1S8 pal . ‘V L " and Calc > * E - R- Anal. Chem., 20, 560, 1918. 

iso v-!, ’ r Gordon, L., and Simmons, K. A., Jr., Anal. Chem., 22, 1060, 1950. 

1B #n, l' E " and n ° lll P* R- E., Anal. Chem., 25, 610, 1953. 

Du j 1 ,’ *'• L., I’h.D. dissertation. University of Michigan, 1932. 

° 01s * R. s., and Murray. P. E., Anal. Chem., 21, 525, 1949. 
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Reaction. 

[Acetone dioxalic acid] 4- H 2 O — * Oxalate 

Element Precipitated. 

Thorium. 183 

Quantity Precipitated. Not given. 

Diverse Ions Studied. Rare earths, Ti, and Zr. 

PHOSPHATES 

Hydrolysis of Trimethyl Phosphate to Produce Phosphate Ion. 

Reaction. 

(CH 3 ) 3 P0 4 + H 2 0 — 3CHjOH + 3H+ + P0 4 “ 3 

Element Precipitated. 

Zirconium. 188 

Quantity Precipitated. 2 to 160 mg. 

Diverse Ions Studied. Al, As, B, Bi, Ca, Cd, Ce, Co, Cr, Cu, Fe, Hg, Mg, Mil, 
Na, Ni, K, Sb, Sn, Th, U, V, Z 11 , and tartrate. 

Hydrolysis of Metaphosphoric Acid to Produce Phosphate Ion. 

Reaction. 


HPO a + HzO -> 3H + + PO 4- 3 

Element Precipitated. 

Zirconium. 183 

Quantity Precipitated. 0.2 to 150 mg. 

Diverse Ions Studied. Al, As, B, Bi, Cd, Ce, Co, Cr, Cu, Fc, Hg, Mg, M», Na, 
Ni, K, Sb, Sn, Th, V, Y, Zn, perchlorate, and tartrate. 

Hydrolysis of Phosphorus Oxychloride to Produce Phosphate Ion. 

Reaction. 


POCI 3 + 3H 2 0 -» P0 4 ~ 3 + 3H+ + 3HCI 
Element Precipitated. 

Magnesium. 180 ' 184 


SULFATES 

Hydrolysis of Sulfamic Acid to Produce Sulfate Ion. 
Reaction. 


NH 2 HSO 3 + H 2 0 -» NH 4 + + H+ + S0 4 - 
Elements Precipitated. 

(a) Barium. 18 ®. 18 °. 181 

Quantity Precipitated. J to 170 mg. 

102 Zaikcmkii, F. V„ and Gcrkhaid, L. I., Nuc. Sci. Abstr., 13, 1177, 1959. 

183 Willard, H. H., and Hahn, R. B., Anal. Chem., 21, 293, 1949. 

184 No information a\ailable as to either quantity precipitated or dherse ions studied. 

180 Ireund, H., Ph.D. dissertation, Unhersity of Afichigan, 1945. 

188 Wagner, W. F., and Wuellner, J. A.. Anal. Chem., 24, 1031, 1952. 

181 Gordon, L., and Rowley, L., Anal. Chem., 29, 34, 1957. 
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Diverse Ions Studied. Ca, Fe, Ra, Sr, nitrate, and phosphate. 

(b) Lead. 19 *- 130 

Quantity Precipitated. 

Diverse Ions Studied. Constituents in NBS alloys and bar lead. 

Hydrolysis of Dimethyl Sulfate to Produce Sulfate Ion. 

Reaction. 

(CI-IA-SO., 4- H,0 -> 2CH ; .OH + 2H+ + SO," 

Elements Precipitated. 

(a) Barium.- 00 

Quantity Precipitated. 1 to 100 mg. 

Diverse Ions Studied. Al, Ca, Fe. K, Mg. Na, and Sr. 

(b) Calcium.- 00 

Quantity Precipitated. 50 to 100 mg. 

Diverse Ions Studied. Al, Fe, K, Mg, and Na. 

(c) Lead.- 01 

Quantity Precipitated. I to 100 mg. 

Diverse Ions Studied. Al, Cu, Fe, Mu, Ni, Zn, and nitrate. 

(d) Strontium.- 00 

Quantity Precipitated. I to 125 mg. 

Diverse Ions Studied. Al. Ca, Fe. K, Mg, and Na. 

Hydrolysis of Potassium Methyl Sulfate to Produce Sulfate Ion. 

Reaction. 

K(CH 3 )SO, 4- H«0 CH a OH + K+ -f H + + SO." 

Element Precipitated. 

Barium. 1 * 3 

Quantity Precipitated. Not given. 

Diverse Ions Studied. None. 

Destruction of EDTA Complex to Release Cation in the Presence of Sulfate Ion. 
Reaction. 

S.Or + H s O -> 2SO|“’ + aOa + 2H+ 

2H+ + M(EDTA)** -> Hj(EDTA)“ + M++ 

M «•+ -E SO," -* MSO, 

Element Precipitated. 

Barium. 303 

Quantity Precipitated. 10 to 200 mg. 

Averse Ions Studied. Ca, Fe, K, Na, and Sr. 


SULFIDES 

^ydi o lysis of Thioamides to Produce Sulfide Ion. 

i uioacetamide. 


19 $ 


r R : C " a . n(! Kenncr * c. T., Anal. Chem., 21, 2016, 1952. 
3 °0Elvi, ler ’i, , *'*’ Pdvate communication. 

:« :"o* *• J- and Van Atta, R. D., Anal. Chem.. -22, 1375, 1950. 
Hpv ’ ! ' • I " aild Zook * w - C., Anal. Chem., 25, 502, 1953. 

}n * A - «• A., and Scinipak, E., Anal. Chem., 26, 1213, 1954. 
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Reaction. 

CH 3 CSNH 2 + H 2 0 -♦ CH 3 CONH 2 + H 2 S 
Elements Precipitated. 

(a) Antimony . 203 

Quantity Precipitated. 5 to 350 mg. 

Diverse Ions Studied. None. 

(b) Arsenic . 204 

Quantity Precipitated. 10 to 150 mg. 

Diverse Ions Studied. None. 

(c) Bismuth . 208 

Quantity Precipitated. 15 to 280 mg. 

Diverse Ions Studied. None. 

(d) Cadmium . 206 

Quantity Precipitated. 15 to 150 mg. 

Diverse Ions Studied. None. 

(e) Copper . 207 * 208 

Quantity Precipitated. 15 to 300 mg. 

Diverse Ions Studied. Ni, Zn. 

(f) Lead . 208 

Quantity Precipitated. 10 to 250 mg. 

Diverse Ions Studied. None. 

(g) Manganese . 210 

Quantity Precipitated. 5 to 115 mg. 

Diverse Ions Studied. Ca, Mg. 

(h) Mercury . 211 

Quantity Precipitated. 20 to 450 mg. 

Diverse Ions Studied. None. 

(i) Molybdenum . 212 - 213 

Quantity Precipitated. 10 to 165 mg. 

Diverse Ions Studied. AI, Ce, Nd, Ti, and W. 

(j) Tin . 214 

Quantity Precipitated. 12 to 180 mg. 

Diverse Ions Studied. None. 

Thioformamide. 

Reaction. 


HCSNHj + H 2 0 = HCONH 2 + H 2 S 

203 Flaschka, H , and Jakobljevich, H., Anal. Chiiu. Acta, 4, 247, 1950. 

204 Flaschka, H., and Jakobljevich, H., Anal. Chini. Acta, 4 , 486, 1950. 

2Q5 Flaschka, H., and Jakobljevich, H., Anal. Chim. Acta, 4 , 351, 1950. 

206 Flaschka, H., and Jakobljevich, H., Anal. Chim. Acta, 4, 602, 1950. 

207 Flaschka, H., and Jakobljevich, H., Anal. Chim. Acta, 4 , 482, 1950. 

208 Krijn, G. C., Chem. Abstr., 53, 3997f.. 1959. 

209 Flaschka, H., and Jakobljevich, H., Anal. Chim. Acta, 4 , 606, 1950. 

210 Flaschka, H., and Abdine, H., Chemist Analyst, 44, 8, 1855. 

211 Flaschka, H., and Jakobljevich, H., Anal. Chim. Acta, 5, 152, 1951. 

212 Flaschka, H., and Jakobljevich, H., Anal. Chim. Acta, 4, 356, 1950. 

212 McNeiney, \V. N., and Wagner, \V. F„ Anal. Chem., 29, 1177, 1957. 
21 * Flaschka, H., and Jakobljevich, H., Anal. Chim. Acta, 5, 60, 1951. 
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reagents in homogeneous phase 

Elements Precipitated. 

(a) Antimony .- 15 

Quantity Precipitated. 10 to -515 rug. 

Diverse Ions Studied. As, Sn. 

(b) Arsenic .'- 15 ’- 10 ’- 17 

Quantity Precipitated. 20 to 350 mg. 

Diverse Ions Studied. Cu, Sb, and Sn. 

(c) Copper.- 11 - - 1S 

Quantity Precipitated. 15 to 200 nig. 

Diverse Ions Studied. As. 

(d) Iridium. 210 

Quantity Precipitated. 20 to tiO nig. 

Diverse Ions Studied. Pd. 

(e) Palladium.-’ 10 - 220 

Quantity Precipitated. SO to 250 mg. 

Diverse Ions Studied. Ir. 

(f) Platinum. 221 

Quantity Precipitated. 16 to 100 mg. 

Diverse Ions Studied. None. 

(g) Rhodium. 219 

Quantity Precipitated. 25 nig. 

Diverse Ions Studied. None. 

(h) Tin. 213 

Quantity Precipitated. 15 to 350 nig. 

Diverse Ions Studied. As, Sb. 

Hydrolysis of Trithiocarbonic Acid to Produce Sulfide Ion. 

Reaction. 


Trithiocarbonic acid -f- H»0 —* ITS 

Elements Precipitated. 

(4 Antimony. 222 

Quantity Precipitated. 120 to 175 mg. 

Diverse Ions Studied. None. 

(b) Copper. 223 

Quantity Precipitated. 15 to 235 mg. 

Diverse Ions Studied. None. 

( c ) Iron . 22 *. 2 -’ 3 

Quantity Precipitated. 10 to 230 mg. 

Diverse Ions Studied. AI, Ti, and Zn. 


T Gagliardi, F... and Reischl, K., 7. anal. Client., Ill 
; Wgiumi,’ E> and ! oi<l | E ( { aual chem., 132, 33. 1951. 

usr i- ari ’’ E - and boidl, E.. 7. anal. Chem., 132, 271, 1951. 

:«r^r *’ l -- and I.oidl. F.., 7.. anal. Chem.. 132, 87, 1951. 

M»r? S ,- ard !’ E > and Pietsch, R., Monatsh.. 83, 187, 1952. 

satsT- ,!* F “’ a,Kl I’ietsch. R„ Monatsh., 82, -132, 1951. 

:.”r, S E - and Pietsch, R.. Monatsh.. 82, 656, 1951. 

and Pilz, W„ /„ anal. Chem., 136, 311, 1952. 
^PiiTn, ’ E - :in d Pilz. W„ Monatsh., 83, 54. 1952. 
sts u E, 7 Monatsh., 84, 471. 1953. 

Sl1 ’ A., and Pilz. W., Z. anal. Chem., 141, 19, 1953. 
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(d) Manganese . 228 - 226 

Quantity Precipitated. 10 to 210 mg. 

Diverse Ions Studied. Ca, Mg, and Zn. 

(e) Molybdenum . 227 

Quantity Precipitated. 50 to 210 mg. 

Diverse Ions Studied. None. 

([) Zinc. 225 - 2 " 

Quantity Precipitated. 20 to 240 mg. 

Diverse Ions Studied. Fe, Mg, and Mn. 

OTHER METHODS OF PRECIPITATION FROM 
HOMOGENEOUS SOLUTION 

Precipitation of lodales. 

Hydrolysis of 0 -Hydroxyethyl Acetate and Subsequent Reaction with Periodate. 
Reaction. 

HOCH 2 CH 2 OOCCH 3 + h 2 o -* HOCH 2 CH 2 OH + CHjCOOH 
HOCH 2 CH 2 OH + I0 4 " -> 2HCHO + H a O + I0 3 ~ 

Elements Precipitated. 

(a) Iron . 229 

Quantity Precipitated. Not given. 

Diverse Ions Studied. None. 

(b) Thorium . 230 

Quantity Precipitated. 1 to 150 mg. 

Diverse Ions Studied. Fc, Mn, rare earths, Sn, Ti, and phosphate. 

(c) Zirconium . 230 

Quantity Precipitated. Not given. 

Diverse Ions Studied. None. 

Oxidation of Ce(III) to Ce(IV) iii the Presence of Iodate . 231 * 232 
Reaction, 

Ce +; > + HjO + SiOg" + 410,- -> Ce(IO,), + 2SO," + JO, + 2H+ 
Quantity Precipitated. 20 to 80 mg. of cerium. 

Diverse Ions Studied. Er, Gd, La, Nd, Pr, Sc, Sm, and Y. 

Precipitation of Thorium Tetrachlorophlhalate . 233 
Reaction. 

2C6CU(COOH ) 2 + Th +4 — > basic thorium tetrachlorophthalate 
Quantity Precipitated. I to 100 mg. of thorium. 

Diverse Ions Studied. Ce, La, Nd, Pr, .md Y. 

226 I'ilz, W., Monatsh., 83, 1291, 1952. 

- 27 Gagliardi, E., and Pilz, W , Z. anal. Chem., 136, 103. 1952. 

228 I’ilz, W., Monatsh., 83, 471, 1952. 

229 Ginsburg, L., Ph.D. dissertation, Sjracuse University, 1955. 

2 so Stine, C. R., and Gordon, L., Anal. Chem., 25, 1519, 1953. 

231 Willard, H. H., and Yu, S. T., Anal. Chem., 25, 1754, 1953. 

232 Kimura, K., Natsume, H., and Suzuki, Y., Anal. Abstr., 5, 2922, 1958. 

233 Gordon, L., Vanselow. C. H., and Willard, H. H., Anal. Chem., 21, 1323, 1949. 
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Precipitation of lron{Ul) Periodate 
Reaction. 

GH 3 CONH 2 + PI*0 -> CH 3 COOH + NH 3 

Fe +3 + IO.i~ + NH 3 — > basic ferric periodate 

Quantity Precipitated. 5 to 85 mg. of iron. 

Diverse Ions Studied. AI, Y, and Zn. 

Precipitation of Barium Chromate.'-™ 

Reaction. 


NHaCONH- + II u O -> 2NH, + CO a 

Ba +2 + HCrOr + NH ;t -> BaCrOi + NRf 

Quantity Precipitated. 100 mg. of barium. 

Diverse Ions Studied. Ca, Sr. 

Precipitation from EDTA Solutions. 

Precipitation by Replacement Technique. 

Reaction. 

[cation “A” EDTA complex) + anion + cation “B” — > 

[cation “B” EDTA complex] + [cation “A” anion precipitate] 

Elements Precipitated. 

(a) Barium (as chromate).- 37 
Quantity Precipitated. 70 mg. 

Diverse Ions Studied. Ca, Ee, Pb, and Sr. 

(b) Barium (as sulfate).’- 08 ’ 539 

(c) Thorium (as oxalate).- 38 * 530 

(d) Yttrium (as oxalate). 538 * 530 
Precipitation of Calcium Fluoride. 538 * 510 
Reaction. 

Ca(EDTA)- + H-,0 + ClCH*CH*OH + KF -> 

CaE,* -f KC1 + HOCPTCPTOH + IT ( EDTA) = 

Precipitation of Hydrous Metal Oxides. 

Reaction. 


[metal EDTA complex] + 30% FTO-j —* metal oxide precipitate 
Elements Precipitated. 

( a ) Iron. 547 

Quantity Precipitated. 70 mg. 

Diverse Ions Studied. None. 


; !![:? u J on ’ 1-. and Ginslmrg, I... Anal. Cheni., 29, 38, 1957. 

> n t»>g* I— Milar, K., and Gordon, I,., Anal. Cliem.. 29, -1G, 1957. 

' 3 -p* , on * L - :lt 'd Impelling, F. H., Anal. Chcm., 26, 759, 195*1. 
asv ■ In «' E*. H., Talanta, 2, 326, 1959. 

;j 3 'uformation available as to either quantity precipitated or diverse ions studied. 

> rSChln A’ *’* Eh, l’h.D. dissertation. Syracuse University, 195-1. 

: u\i V \, r> J- and Gordon, L., unpublished research. 

•'lacXevin, W. m., and Dunton, M. L., Anal. Cheni., 26, 12-17. 1954. 
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(b) Thorium . 242 

Quantity Precipitated. Not given. 

Diverse Ions Studied. Rare earths. 

Precipitation of Rare Earth Oxalates . 238 - 243 
Reaction. 

cooling 

rare earth oxalates in hot EDTA solution — > 

fractionally precipitated rare earth oxalates 

Precipitation of Rare Earth Carbonates by Trichloroacetale Hydrolysis .238,24* 
Reaction. 

2 M(C 2 Cl 30 2 ) 3 + 3H 2 0 -► 3CO; + 6 CHCI 3 + M 2 (CO a ) 3 

Precipitation of Lead Chromate by Oxidation of Chroinium(IlI). sti 
Reaction. 

22H 2 0 -f- 10Pb +2 + 10Cr + 3 + 6 BiOa“ -» 10PbCiO 4 + 3Br 2 + 44H+ 

Quantity Precipitated. 790 to 950 mg. of lead. 

Diverse Ions Studied. Constituents in steel. 

Precipitation of Zirconium Arsenate by Oxidation of Arsenite . 24 ° 

Reaction. 

2As 0 2 " + 4HNO a + 3ZrO ++ -» (Zr0) 3 (As0 4 ) 2 + 4N0 2 + 4H+ 

Quantity Precipitated. 2 to 25 mg. of zirconium. 

Diverse Ions Studied. None. 

Precipitation by Synthesis of Organic Chelate Reagents. 

Azimidobenzene. 

Reaction. 

acetic arid 

metal ion + NaN0 2 4* o-phcnyiencdiaminc > metal azimidobenzene chelate 

(a) Copper . 247 

Quantity Precipitated. Not given. 

Diverse Ions Studied. Cd. 

(b) Silver . 247 

Quantity Precipitated. Not given. 

Diverse Ions Studied. Cd. 

1 -N itroso-2-naphtliol . 2 48 
Reaction. 

Co +3 4~ 2-NaphthoI 4* NaN0 2 — > cobalt TNitroso- 2 -naphthol chelate 

242 Cordon, L., unpublished researdi. 

243 Gordon, I... and Shaver. K. J., Anal. Chcm., 25, 784, 1953. 

244 Quill, L. L., and Salutsh), M. L.. J. Am. Chem. Soc., 72, 3306, 1950. 

Hoffman, W. A., and Brandt, W. W , Anal. Chcm., 28, 1487, 1956. 

248 Gump, J. R., and Sherwood, G. R.. Anal. Chem., 22, 496, 1950. 

242 Taraseuch, N. I., Chem. Abstr., 50, 7652i, 1956. 

248 Biauner, P. A., and He)n, A. H. A., private communication. 
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Quantity Precipitated. 10 to 100 mg. of cobalt. 

Diverse Ions Studied. Fe, W. 

Dimetliylgly oxime . 2 19 
Reaction. 

biacetyl + hydroxylamine -f Ni + 2 -» nickel dimethylglyoximc chelate 

Quantity Precipitated. 0.5 to 200 mg. of nickel. 

Diverse Ions Studied. Co, Cu, and Fe. 

Furfuraldoxime . 250 
Reaction. 

furfural + hydroxylamine -f Pd +2 — * palladium furfuraldoxime chelate 

Quantity Precipitated. 20 to 70 mg. of palladium. 

Diverse Ions Studied. Au, Cd, Ce, Co, Cr, Cu, Fe, Hg, Mo, Ni, Pt, V, and Zn. 
8 -Hydroxyquinoline. 

Reaction. 

metallic ion + 8 -Acetoxyquinoline + H 2 O — > metal 8 -Hydroxyquinoline chelate 

Element Precipitated. 

Thorium . 251 * 252 

Quantity Precipitated. 1 to 140 mg. 

Diverse Ions Studied. Ce. 

Note: Aluminum, cadmium, cobalt, copper, iron, lead, magnesium, manganese, 
nickel, uranium, and zinc can also be precipitated with 8 -acetoxyquinoline as in- 
dicated by preliminary experiments . 251 

Precipitation of Metals as Peroxides. 

Reaction. 


metallic ion + urea PI 2 O 2 > metal peroxide 

(a) Thorium . 233 ' 253 

(b) Zirconium . 253 

Quantity Precipitated. 12,000 mg. 

Diverse Ions Studied. None. 

Precipitation of Thorium Selenite . 254 
Reaction. 


Th +1 -f HoSeCfi + acetamide -f HNO3 — 4 Th(SeO :i )2 

Quantity Precipitated. Not given. 

Diverse Ions Studied. Rare earths. 


219 Salesin, E. D„ and Gordon, L„ Talanta, 5, 81, 1960. 

239 Conejero, L. M„ Anal. Abstr., 6, 1756, 1959. 

251 Salesin, E. D„ and Gordon, L., Talanta, 4, 75, 1960. 

~ 3 _ 4aki^aina, K., Salesin, E. D., and Gordon, L., Talanta 5 7 iQfin 

253 Gantz, D. E„ and Lambert, J. L„ J. Phys. Chem., 6 L 119 195 V 19(50 ’ 

-- Jen-Ym, Y„ Kuang-Hua, D„ and Feng-Chiao, H„ Chem. Abstr!' 53, 8937L, 1959. 
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MASKING 

Introduction.— Very few analytical reagents, organic or inorganic, are highly se- 
lective m their action. Thus, many reagents, which have otherwise useful prop- 
erties, may have restricted analytical application because they give similar reac- 
tions with many ions. For example, many common precipitauts, such as am- 
monium hydroxide, hydrogen sulfide, and 8-hydroxy quinoline quantitatively pre- 
cipitate many ions, and may be successfully used analytically only under carefully 
controlled conditions, or for limited separations. 

The attainment of selectivity has long been one of the principal objectives of 
analytical research, but this has proved to be most difficult to achieve. Consider- 
able success has resulted from the development of new reagents which are in- 
herently more selective, but freedom from interference is still best obtained by 
use of prior separation, the determination and control of optimum reaction con- 
ditions, and the use of masking reagents. 

Employment of masking reagents affords one of the most promising approaches 
to die solution of the problem of selectivity, because of the numerous possibilities 
that the technique presents, and because of the simplicity with which it may be 
carried out in practice. Masking is ordinarily more rapid than a preliminary sep- 
aration, and frequently permits a greater accuracy as well. 

A masking agent is a substance Uiat prevents certain reactions by changing an 
element or compound into an inactive form without physical sejxiration. Thus, if 
the chloride ion is added to a solution for the purpose of preventing interference 
by die silver ion with a determination, the chloride ion is considered a masking 
agent only if die silver chloride precipitate is not removed by filtration or centrifu- 
gation as a preliminary to carrying out die determination. 

Many examples of masking can be found in the classical methods of analysis, but 
most modern masking techniques are based on the formation of complexes by 
means of complex-forming reagents. Considerable interest has developed in this 
field during recent years because of the availability of a large number of sub- 
stances, largely organic, that are capable of forming with metal ions complexes 
having a wide range of stability. 

In the study of a masking procedure, at least two reactions must be considered. 
These are: (a) the reaction of the substance to be determined with the principal 
reagent; and (b) the reaction of the substance with die masking reagent (or re- 
agents). The reaction of the principal reagent is called the principal reaction. 
This is of significance in masking techniques when it takes place in the presence 
of one or more masking reagents, or is, in other words, resistant to masking ac- 
150 
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don. 253 Obviously, the successful use 'of a masking reagent is possible only with 
the employment of a suitable principal reagent. Thus, the chloride ion (the 
principal reagent) cannot be used to precipitate silver chloride in the presence of 
an excess of ammonia, but silver iodide is precipitated under these conditions. 
The principal reaction of the silver ion with the iodide ion is resistant to the 
masking action of ammonia. 

Conditions Important in Masking Techniques.— The successful use of a mask- 
ing technique in an analytical procedure is dependent upon the proper control 
of a rather large number of important conditions. These are: 255 

1. Proper Selection of a Masking Reagent.— This is illustrated by the fact that 
a precipitate is obtained when sodium phosphate is added to an aluminum salt 
solution containing tartaric acid, but no precipitate forms if citric acid is used. 

2. Proper Selection of a Principal Reagent.-If effective masking is not achieved 
when a given principal reagent is used in conjunction with a masking agent, the 
selection of a different reagent may give good results. Thus, the stability of the 
product of the principal reaction must be considered as well as that of the mask- 
ing reaction. 

3. Proper Control of pH.— This is illustrated by the fact that the barium ion is 
not precipitated as barium sulfate in the presence of EDTA at pH > 7, but is 
precipitated below pH 5. 

4. Combination of More Than One Masking Reagent.— Thus, the gravimetric 
determination of bismuth with dimethylglyoxime in basic solution is possible in 
die presence of EDTA and cyanide, which effectively mask a number of other- 
wise interfering ions. 

5. Quantity of Masking Agent and Principal Reagent To Be Used. 

6. Effect of Oxidation State on Stabilities of Complexes Formed. 

7. Reaction Rate.— The chromium(III) ion reacts very slowly with EDTA at room 
temperature and in an acidic medium, and practically no complex is formed under 
these conditions. When such a solution is heated to boiling, however, a very 
stable chromium complex is formed. 

8. Solvent Used. 

9. Temperature.— Samarium is precipitated as the phosphate from boiling solu- 
tions containing EDTA and tartaric acid, but is not precipitated at room tempera- 
ture when the same complexing agents are used. 

Commoti Masking Reagents.— A number of the more common masking reagents 
used in analytical chemistry are shown in Table 5-6. Not all of these are used 
for precipitation separations, but those capable of exercising masking action on the 
more common ions are given. 

The masking reagents used to eliminate interference in the precipitation of 
various metals by different principal reagents are shown in Table 5-7. This table 
is by no means complete, but it should prove useful in the solution of specific 
analytical problems, and as a guide to what may be achieved in others. J 


HEMASKING 


ntroduction.- Demasking is a process in which a masked element or compound 

Il-fh! , ■ frQI ? US f asked form > and regains its activity to enter into reactions 
certain other substances. For example, if the zinc ion in a solution is masked 

255 Cheng, K. L., Anal. Chem., 33, 783, 1961. 



152 


SEPARATION BY PRECIPITATION 


Table 5-6. Masking Agents Used for Ions of Various Elements 

Abbreviations used: EDTA — ethylenediaminetetraacetic acid; APCA = EDTA 
and other aminopolycarboxylic acids, as nitrilotriacetic acid and N,N-dihydroxyethyK 
glycine; BAL = 2,3-dimercapto-l -propanol. 

Element 

(or ion) Masking Reagents 


Aluminum 

Ammonium 

Antimony 

Arsenic 

Barium 

Beryllium 

Bismuth 

Boron 

Bromine 

Cadmium 

Calcium 

Cerium 

Chromium 

Cobalt 


Copper 


Cyanide 

Fluoride 

Germanium 

Gold 

Hafnium 

Iridium 

Iron 


Lead 

Magnesium 

Manganese 


Acetate, BAL, citrate, C 2 0 4 = , EDTA, F , gluconate, malonate, OH - , 
salicylate, sulfosalicylate, tartrate, triethanolamine, and tiron. 

HCHO 

BAL, citrate, EDTA, I - , OH - , S", S 2 “, S 20 3 “, and tartrate. 

BAL, OH - , and S 2 = . 

APCA, citrate, and tartrate. 

F - , tartrate, and sulfosalicylate. 

APCA, BAL, citrate, Cl - , dithizone, I - , NasP 3 On, tartrate, tri-v 
ethanolamine, and thiourea. 

F - and hydroxy acids. 

Phenol 

APCA, BAL, citrate, CN - , dithizone, I”, malonate, SCN - , S 2 O 3 ", 
and tartrate. 

APCA, citrate, F - , polyphosphate, and tartrate. 

APCA, citrate, F - , tartrate, and tiron. 

Acetate, APCA, ascorbic acid, citrate, F - , (NaOH + H 2 0 2 ), 
NasPaOn, sulfosalicylate, tartrate, triethanolamine, and tiron. 

APCA, BAL, citrate, CN - , dicthyldithiocarbamate, dimethylgly- 
oxime, ethylenediamine, F - , H 2 O 2 , malonate, NasPaOn, NH 3 , 
NO 2 - , SCN - , S 2 0 3 “, and tartrate. 

APCA, BAL, citrate, cobalticyanide, CN - , I~, NaH 2 P 02 , NH 3 , 
NO 2 - , S“, SCN - , S 2 O sulfosalicylate, tartrate, and thioglycolic 
acid. 

HCHO and Hg+ + . 

AI+++, Be+ + , Fe + ++, H3BO3, Th 4 +, Ti 4+ , and Zr 4 + 

C 2 0 4 = and F - 

Br“, CN - , and S 2 0 3 = . 

See zirconium. 

Citrate, SCN - , tartrate, and thiourea. 

APCA, ascorbic acid, BAL, C 20 4 = , citrate, CN - , F — , gluconate, 
malonate, NH 3 , NH 2 OH- HC1, 8 -hydroxyquinoline, 1,10-phen- 
anthroline, P0 4 3- , P 2 07 4- , S”, SCN - , S 2 03 = , sulfosalicylate, tar- 
trate, triethanolamine, thioglycolic acid, thiourea, and tiron. 

Acetate, APCA, As(C 6 H 5 ) 4 Cl, BAL, citrate, I - , Na 5 P 3 0u, S0 4 “, 
S 2 0 3 =, and tartrate. 

APCA, C 2 0 4 ", F — , glycols, hexametaphosphate, OH - , P 207 4- , and 
triethanolamine. 

APCA, BAL, citrate, CN - , C 2 0 4 - , F — , NagPsOn, oxidants, P 207 4- , 
sulfosalicylate, tartrate, triethanolamine, and tiron. 
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Element 
(or ion) 

Masking Reagents 

Mercury 

Acetone, APCA, BAL, citrate, Cl", CN~, I", S0 3 = tartrate, and tri- 
ethanolamine. 

Molybdenum 

APCA, ascorbic acid, citrate, CaO.i*', F , H 2 O 2 , NasP 3 On, NH 2 - 
OH-HC1, SCN - , tartrate, and tiron. 

Nickel 

APCA, citrate, CN - , dimethylglyoxime, F - , malonate, Na 3 P 3 Ou, 
NH;t, SCN - , sulfosalicylate, and tartrate. 

Niobium 

C 2 0 4 = , F - , Ho 0 2 , OH - , and tartrate. 

Nitrite 

Sulfanilic acid. 

Osmium 

CN - , SCN - , and thiourea. 

Palladium 

APCA, citrate, CN - , I - , NH 3 , N0 2 “, SCN - , S..0 3 “, tartrate, and 
triethanolamine. 

Platinum 

APCA, citrate, CN - , I - , NH ;1 , N0 2 ”, SCN - , S 2 0 3 ”, and tartrate. 

Rare Earths 

EDTA 

Rhodium 

Citrate, tartrate, and thiourea. 

Ruthenium 

Thiourea 

Scandium 

Tartrate 

Selenium 

S = and S0 3 “. 

Silver 

Br~, Cl - , CN - , I - , NH 3 , SCN - , and thiourea. 

Strontium 

APCA, citrate, S0 4 = , and tartrate. 

Sulfide 

S 

Sulfite 

HCHO and Hg ++ . 

Sulfur 

CN - , S“, S0 3 =. 

Tantalum 

Citrate, F - , H 2 O 2 , OH - , and tartrate. 

Tellurium 

I - 

Thallium 

APCA, citrate, Cl - , CN - , NFEOH-HCl, tartrate, and triethanol- 
amine. 

Thorium 

APCA, citrate, F - , S0 4 = , 4-sulfobenzenearsonic acid, tartrate, and 
triethanolamine. 

Tin 

BAL, citrate, C 2 0 4 “, F — , I - , OH - , tartrate, triethanolamine, and 
thioglycolic acid. 

Titanium 

APCA, ascorbic acid, citrate, chromotropic acid, F - , gluconate, 
H 2 O 2 , NasPsOn, OH - , S0 4 = , sulfosalicylate, tartrate, triethanol- 
amine, and tiron. 

Tungsten 

F - , H 2 O 2 , NaaP 3 On, NHjOH-HCl, SCN - , tartrate, and tiron. 

Uranium 

Citrate, C0 3 = , CoO-i^, F — , H 2 0>, and tartrate. 

Vanadium 

Ascorbic acid, CN - , EDTA, F - , H 2 0 2 , NH a OH-HCl, triethanol- 
amine, and tiron. 

Zinc 

APCA, BAL, citrate, CN - , dithizone, F - , glycerol, glycol, Na 5 P 3 0,, 
NH 3 , OH - , SCN - , and tartrate. 

Zirconium 

APCA, citrate, C>0 4 , F , HoOa, P0 4 3- , P 207 J— , S0 4 = , tartrate, and 
triethanolamine. 
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Table 5-7. Masking Agents Used in Precipitation Reactions 


Metal Pre- 
cipitated 

Precipitant 

Masking Agent 

Ions Masked 

Reference 156 

Aluminum 

Cupferron 

EDTA 

Phosphate 

2 


8 -Hydroxyquino- 

line 

EDTA 

Metals in steel 

22 

Antimony 

Rhodamine B 

h 3 po 4 

Fe(III) 

53 


Na 2 S 

Tartrate 

Zr 

81 

Arsenic 

Mg ++ + NH<- 
OH 

EDTA 

Alkaline earths 

45 


Na 2 S 

Tartrate 

Zr 

81 

Barium 

so 4 - 

EDTA 

Al, Bi, Cr, Co, 
Cu, Fe, Hg, 
Pb, Ni 

63 


so 4 - 

EDTA | 

Sr 

1 

Beryllium 

[Co(NH,).lClj 

EDTA 

Al, Ca, Cd, Co, 
Cu, Fe, Mn, 
Ni, Ti, Zn 

56 


2-Hydroxy-l- 

naphthalde- 

hyde 

EDTA 

Ferrous alloys 

26,27 


8 -Hydroxyquino- 

line 

Tartrate 

Al 



NHiOH 

EDTA 

Al, Ca, Fe(IlI), 
Mg, Mn 

13, 61 


NH 4 OH 

EDTA 

Al, Co, Cu, Fe, 
Pb, Mn, Ni, 
Zn 

13, 61 


NH 4 OH 

Tartrate 

Al 



nh 4 h 2 po 4 

EDTA 

Al, Ca, Fe(III) 

30 
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Metal Pre- 
cipitated 

Precipitant 

Masking Agent 

Ions Masked 

Reference 255 

Bismuth 

Diethyldilhio- 

carbamate 

CN~ 

Gu 

32 


Diethyldithio- 

carbamate 

EDTA 

Pb 

32 


Dimethylgly- 

oxime 

EDTA + KCN 

Al, As, Ba, Cd, 
Ca, Co, Cu, 
Pb, Mg, Hg, 
Ni, Pd, Pt, Ag, 
Sr, W, Zn 

33 


NH 4 OH + Ca ++ 

EDTA 

Cd, Cu, Pb 

58, 59 

Calcium 

Oxalate 

| EDTA 

i 

Al, As, Be, Bi, 
Cd, Ce, Cr, 
Co, Cu, Fe, 
Hg, Mg, Mn, 
Mo, Ni, Pb, 
P0 4 = Sb, Th, 
U, W, Zn 

60 


Oxalate 

Sodium gluco- 
nate 

1 

1 

! Al, Fe, Ti 

! 

86 

Cadmium 

2-(o-PIydroxy- 
phenyl)-benz- 
ox azole 

Tartrate 

Most metals ex- 
cept Co, Cu, 
Ni ' 

85 

Cobalt 

KN0 2 

F- 

Nb, 1'a, Ti(IV) 

31 


KNO 2 

Tartrate 

Most metals 

31 

Copper' 

Alizarin Blue 

Formaldehyde 

CN“ 

23 


Electrodeposition 

EDTA 

Bi 

29 


2 -(o-Hydroxy- 

phenyl)-benz- 

oxazoie 

EDTA 

Ba, Ca, Co, Cr, 
Pe(III), ..Mg, 
Mn, Ni, Pb, 
Sr, Zn 

14 
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Table 5-7. (Continued) 


Metal Pre- 
cipitated 

Precipitant 

Masking Agent 

Ions Masked 

Reference 258 

Magnesium 

Arsenate 

Citric acid 

Al, Fe 

80 


8-Hydroxyquino- 

line 

Tartrate 

Al, Fe(III) 

88 

Mercury 

Bismuthiol II 

EDTA 

Most metals ex- 
ccptAg, Au(I), 
T1(I), plati- 
num group 

76 


Mercaptobenzo- 

thiazol 

EDTA ■ 

Bi, Cu 

12 


Na 2 S 

Tartrate 

Zr 

81 

Molybdenum 

tCr(NH 3 ) 5 CllCl 2 

Tartrate 

Al, Fc, W 

25 


[Cr(NH,) 5 CllCl! 

EDTA 

Al, Ba, Ca, Co, 
Mg, Mn, Ni, 
V, Zn 

25 


8-Hydroxyquino- 

line 

EDTA 

Al, Bi, Co, Cr, 
Cu, Cd, Fc- 
(III), Hg(II), 
Mn,Ni,Pb, Ti, 
U0 2 +4 ,Zn 

62 


8-Hydroxy quino- 
line 

EDTA 

V 

43 

Nickel 

Dimethylgly- 

oxime 

N,N -D ihydroxy- 
ethylglycine 

Co, Fe(III) 

15 


Dimethylgly- 

oxime 

Tartrate 

Metals in steel 

46 


Dimethylgly- 

oxime 

Tartrate 
+ S 2 O a “ 

Cu 

18 


a,/3-Dioximino* 

butyranilide 

Citrate 

1 

Cr, Fe 

20 
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Table 5-7. ( Continued ) 


Metal Pre- 
cipitated 

Precipitant 

I 

Masking Agent 

Ions Masked 

Reference 250 

Nickel 

ct,(3-Dioximino- 

butyranilide 

Tartrate 

Cr, Fe 

20 

Heptoxime 

Acetate 

Pb 

84 

Heptoxime 

SCN" 

Cu 

84 

Heptoxime 

Tartrate 

Al, As, Sb, Bi, 
Cr, Fe(III), Ti 

84 

Nioxime 

Tartrate 

Al, Fe, Sb 

24 

Niobium 

N-Benzoyl-N- 

phenylhydrox- 

ylamine 

EDTA 

Most metals 

41 

■ 

Cupferron 

EDTA + Tar- 
trate 

Most metals ex- 
cept Be, PO.| = , 
Ti, U 

39 

HoSeOs 

Tartrate 

Zr 

4 

Palladium 

3-Aminopicolinic 

acid 

EDTA 

Cu 

35 

Bismu thiol II 

CN~ 

Ag, TI 

37 

Bismu thiol II 

KI 

Ag, Hg(II), Pb 

38 

Dimethylgly- 

oxime 

EDTA 

Most metals 

34 

Dimethylgly- 

oxime 

Tartrate 

Bi 

34 

Nioxime 

EDTA 

Fe 

70 

Quinaldic acid 

Nitrilolriacetic 

acid 


34 

Quinolinic acid 

EDTA 

Cu 

36 
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Table 5-7. ( Continued ) 


Metal Pre- 
cipitated 

Precipitant 

Masking Agent 

Ions Masked 

Reference 388 

Phosphate 

Mg ++ 

+ NH 4 OH 

EDTA 

Al, Fe 

75 

Mg ++ 

+ NH 4 OH 

Tiron 

M(III), M(IV) 

82 

Molybdate 

EDTA 

Ca 

75 

Potassium 

{ Sodium tetra- 
phenylboron 

EDTA 

Al, Ba, Ca, Co, 
Cr, Cu, Fe- 
(II I), Mg, Mn, 
Ni, Pb, Sb, Ti 

19 

Sodium tetra- 
1 phenylboron 

F“ 

Fe 

72 

Sodium tetra- 
phenylboron 

Formaldehyde 

NH,+ 

10 

Silver 

1,2,3-Benzotri- 

azole 

EDTA 

Bi, Cd, Co, Cu, 
Fe, Ni, Zn 

16, 52 

Bismuthiol II 

EDTA 

Al, Bi, Cd, Co, 
Cr, Cu, Fe, 
Mn, Ni, Pb, 
Tl, Zn 

44 

Bismuthioi II 

EDTA 

Most metals 

57 

ci- 

Citrate 

Pb 

51 

2-Mercaptoben- 

zimidazole 

EDTA 

Bi, Cd, Co, Cu, 
Mn, Ni, Pb, 
Th, Zn 

21 

2-Methylben- 

zimidazole 

EDTA 

Bi, Cd, Co, Cu, 
Mg, Mn, Ni, 
Pb, Th, Zn 

21, 50 
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Metal Pre- 
cipitated 

Precipitant 

Masking Agent 

Ions Masked 

Reference 250 

Silver 

2-Mercaptoben- 

zimidazole 

Tartrate 

Al, Be, U 

• 

21 


2-Methylben- 

zimidazole 

Tartrate 

Al, Be, U 

21 

Sodium 

Pyroantimonatc 

EDTA 

Ca 

47 

Strontium 

SOr 

EOT A 

Ca 

1 

Sulfate 

Ba ++ 

EDTA 

Al, Co, Cr, Cu, 
Fe, Ni 

63 


4-chloro-4'- 

aminodiphenyl 

Tartrate 

Al 

8 


4,4'-Diaminoto- 

lane 

• 

Tartrate 

1 1 

Al 

7 


Octa-ammino-/z- 
amino-ji-nitro- 
dicobalt-III ni- 
trate 

EDTA 

Al, Fe(III) 

6 

Tantalum 

Benzenearsonic 

acid 

EDTA 

Most metals ex- 
cept Ba, Pb, Sr, 
Ti, Zr 

42 

Tellurium 

Na 2 S 

Tartrate 

Zr 

1 

81 


SO 2 and 
N 2 H 4 -HC1 

Tartaric acid 

Sb 

71 

Thallium 

CrO r 

Sulfosalicylic acid 

Al, Be, Cr(III) 

89 


KI 

EDTA 

Bi, Cu, Fe(III), 
Pb 

69 

Thorium 

Benzenesulfinic 

acid 

EDTA — Ascorbic 
acid 

Fe(III) 

3 
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Table 5-7. {Continued) 


Metal Pre- 
cipitated 

Precipitant 

Masking Agent 

Ions Masked 

Reference 255 

Thorium 

NH<OH — H 2 O 2 

EDTA 

Al, Fe 

73, 74 


m-Phenylenedi- 

oxydiacetic 

acid 

Chromotropic 

acid 

Ti 

54 

Titanium ! 

NH*OH 

EDTA 

Al, Bi, Cd, Cr, 
Cu, Fe(III), 
Mn, Ni, Pb 

64,65 


NH 4 OH 

EDTA 

Fe(III),Mn,Mo, 

V 

55 

Tungsten 

8-Hydroxyquino- 

line 

EDTA 

Al, Bi, Cd, Co, 
Cr, Cu, Fe- 
(III), Hg(II), 
Mn, Ni, Pb, 

wo,-,uo 2 ++ 

66, 67 


8-Hydroxyquino- 

line 

EDTA 

Th 

48 

Uranium 

Cupferron 

EDTA 

Al, Bi, Cd, Cr, 
Co, Cu, Fe, 

Mn, M 0 O 4 -, 
Ni, Pb, rare 
earths, Th, 
VO 3 -, WO 4 ", 
Zn 

40 


Cupferron 

Tartaric acid 

Al, Sb, Sn(IV), 
Ta, Zr 

11 


8-Hydroxyquino- 

line 

EDTA 

Al, Bi, Ca, Cd, 
Co, Cu, Fe- 
(III), Hg, Mn, 
MoOi=, Ni, 

Pb, PO 4 ”, rare 
earths, Sr, Th, 

VO3-, wo 4 “, 

Zn, Zr 

77, 78, 79 
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Metal Pre- 
cipitated 

Precipitant 

Masking Agent 

Ions Masked 

Reference 210 

Uranium 

H>0- 

EDTA 

Sc 

. 

9 


NH 4 H 0 PO 4 

EDTA 

Al, Ba, Cd, Ce, 
Co, Cr, Cu, Fe, 
Hg, La, Mg, 
Mn,Ni, Pb, Sr, 
Zn 

49, 83 


1 - 

NH 4 OH 

EDTA 

Most metals ex- 
cept Be and Ti 

68 

Vanadium 

Cupferron 

EDTA 

Cu 

87 

Zinc 

8 -Hydroxyquino- 

line 

Thiourea 

Cu 

28 

Zirconium 

(Hafnium) 

Benzenearsonic 

acid 

H-O, 

Ti 

17 


Na 2 HPC >4 

EDTA 

Ti 

5 


NH 4 OH 

h»o 2 

Nb, Ta 



255 Numbers in this column refer to the following publications. 

1 — Afanas’eva, L. I., Zhur. Anal. Khim., 14, 294, 1959. 

2 — Akhvonen, V. A., Zavodskaya Lab., 23, 295, 1957. 

3 — Alimarin, I. P., and Alikberov, S. S., Zavodskaya Lab., 24, 804, 1958. 

4 — Alimarin, I. P., and Stepanyuk, E. I., Zavodskaya Lab., 24, 1064, 1958. 

5 — Babko, A. K., and Shtokalo, M. I., Zavodskaya Lab., 24, 674, 1958. 

6— — Belcher, R., and Gibbons, D., J. Chem. Soc., 1952, 4216. 

7— Belcher, R., Kapel, M., and Nutten, A. J., Anal. Chim. Acta, 8, 122, 146, 1953. 
8 Belcher, R., Nutten, A. J., and Stephen, W. I., J. Chem. Soc., 1953, 1334. 

9— Bergstresser, K. S., U. S. Atomic Energy Comm. Rept. LAMS-1674, Mav. 1954 

10 — Berkhout, H. VV., Chem. VVeekblad, 48, 909, 1952. 

11 — Bieber, B., and Vecera, Z., Chem. Listy, 52, 439, 1958. 

12— Bobtelsky, M., and Jungreis, E., Anal. Chim. Acta, 13, 72, 1955. 

13 — Brewer, P. I., Analyst, 77, 539, 1952. 

14— Byrn, E. E., and Robertson, J. H., Anal. Chem., 26, 1605, 1954. 

15— Byrn, E. E., and Robertson, J. H., Anal. Chim. Ac.ta, 12, 34, 1955 

16 — Cheng, K. L., Anal. Chem., 26, 1038, 1954. 

17 — Claassen, A., Rec. trav. chim., 61, 299, 1942. 

18— Claassen, A., and Bastings, L., Z. anal. Chem., 165, 354. 1959 

19 — Cluley, H. J., Analyst, 80, 354, 1955. 

20 Dave, J. S., and Talati, A. M., J. Indian Chem. Soc., 36, 30? 1959 
21— Dutta, R. L., J. Indian Chem. Soc., 35, 562, 1958. 
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22 — Elliot, C., and Robinson, J. W., Anal. Chim. Acta, 13, 235, 1955. 

23 — Feigl, F., and Caldas, A., Anal. Chim. Acta, 8, 339, 1953. 

24 — Fcinstein. H. I., Anal. Chcm., 22, 723, 1950. 

25 — Ghcorghiu, C., and Radulescu-Grigoic, E., Rev. Cliim., Bucharest, 11, 415, 1960. 

26 — Gusev, S. I., Kumov, V. I., and Sokolova, E. V., Zhur Anal. Khun., 12, 55, 1957. 

27 — Gusev, S. I., and Sokolova, E. V., Zavodskaya Lab., 25, 52, 1959. 

28 — Haider, S. Z., and Khundkar, M. H., Analyst, 79, 783, 1954. 

29 — Hayakawa, H., Ishibashi, M., and Fujinaga, T., Japan Analyst, 1, 610, 1955. 

30 — Hurc, J., Kremer, M., and LeBerquier, F., Anal. Chim. Acta, 7, 37, 1952. 

31— Kallman, S., Anal. Chcm., 22, 1519, 1950. 

32 — Kinnuncn, J., and VVennerstrand, B., Chemist Analyst, 43, 88, 1956. 

33 — Lott, P. F., and Vitek, R. K., Anal. Chem., 32, 391, 1960. 

34— Lott, P. F., Vitek, R. K., and Cheng, K. L„ Anal. Chim. Acta, 19, 323, 1958. 

35 — Majumdar, A. K., and B.ig, S. P., Z. anal. Chcm., 164, 394, 1958. 

36 — Majumdar, A. K., and Bag, S. P., Z. anal. Chem., 165, 247, 1959. 

37 — Majumdar, A. K., and Cliakraburtty, M. M.» Z. anal. Chem., 155, 1, 1957. 

38 — Majumdar, A. K., and Chowdhuiy, J. B. Ray, Anal. Chim. Acta, 15, 105, 1956, 

39 — Majumdar, A. K., and Chowdhury, J. B. Ray, Anal. Chim. Acta, 19, 18, 1958. 

40 — Majumdar, A. K., and Chowdhury, J. B. Ray, Anal. Chim. Acta, 19, 576, 1958. 

41 — Majumdar, A. K., and Mukherjce, A. K., Anal. Chim. Acta, 19, 23, 1958. 

42 — Majumdar, A. K., and Mukherjce, A. K., Nnlurwisscnschaftcn, 45, 239, 1958. 

43— Malinek, M., Chem. Listy, 48, 38, 1954; C.A., 48, 5722, 1954. 

44— Malmek, M., Chem. Listy,49, 2400, 1955. 

45 — Mahnck, M., and Rehak, B., Chcm. Listy, 49, 765, 1955. 

46 — Melxlig, J. P., and Newby, B. J., Chemist Analyst, 41, 28, 1952. 

47 — Me\cl, N., and Vanovcrberghc, L., Compt. rend. 27 Congr. Int. Chim. Ind., Indus. 
Chim. Beige, 20, 189, 1955. 

48 — Milner, G. W. C., and Baincit, G. A,, Atomic Energy Research Estab. (Gt. Brit.) 
C/R 1865, 8 pp., 1956; C.A., 50, 13654, 1956. 

49 — Milner, G. W C., and Edwards, J. W., Anal. Chim. Acta, 16, 109, 1957. 

50 — Misra, P. K., and Patnaik, B. K., J. Indian Chcm. Soc., 35, 519, 1958. 

51 — Mukherjce. A. K., and Dey, A. K,, Z. anal. Chcm., 145, 93, 1955. 

52 — Noidling, W. D., Chemist Analyst, 44, 24, 1955. 

53 — Onishi, H., and Sandell, E. B., Anal. Chim. Acu, 11, 444, 1954. 

54 — Pande, C. S., and Srivastava, T. S., Z. anal. Chem., 167, 332, 1959. 

55— Pickering, VV. F., Anal. Chim. Acta, 9, 80, 1953. 

56 — Pirtea, T. I., and Constantincscu, V., Z. anal. Chem., 165, 183, 1959. 

57— Plocck, L., Sklar a Keramik, 8, 182, 1958. 

58 — Pribil, R., Collection Czcchoslov. Chera. Communs., 18, 783, 1953. 

59 — Pnbtl, R., and Cuta, J., Collection Czcchoslov. Chem. Communs., 16 391, 1951. 

60— Pribil, R., and Fiala, L„ Chem. Listy,46, 331, 1952; C.A., 46, 11,032, 1952. 

61 — Pribil, R., and Kucharsky, J., Collection Czcchoslov. Chem. Communs., 15, 132, 
1950. 

62 — Pribil, R., and Malat, M., Collection Czcchoslov. Chcm. Communs., 15, 120, 1950. 

63 — Pribil, R., and Mancova, D., Chcm. Listy, 46, 542, 1952; C.A.,46, 11,033, 1952. 

64 — Pribil, R., and Schneider, P., Collection Czcchoslov. Chein. Communs., 15, 886, 
1950. 

65— Pribil, R., and Schneider, P., Chem. Listy, 45, 7, 1951 ; C.A., 45, 6534, 1951. 

66 — Pribil, R., and Sedlar, V., Chem. Listy, 44, 200, 1950. 

67 — Pribil, R., and Sedlar, V., Collection Czcchoslov. Chem. Communs., 16, 69, 1951. 

68 — Pribil, R., and Vorlicek, J., Chem. Listy, 46, 216, 1952. 

69 — Pribil, R., and Zabransky, Z., Chem. Listy, 46, 16, 1952. 

70 — Pshenitsyn, N. K., and Ivonina, O. M., Zhur. Neorg. Khim., 2, 121, 1957. 

71— Reed, J. F., Anal. Chem., 32, 662, 1960. 

72 — Rudorff, W., and Zannier, H., Z. anal. Chem., 137, 1, 1952. 

73 — Schneider, P., Chem. Listy, 50, 81, 1956. 

74 — Schneider, P., Collection Czechoslov. Chem. Communs., 21, 1054, 1956. 

75— Schulek, E., and Endroi, A., Magyar Chem. Foly., 66, 139, i960. 

76 — Sedivec, V., Collection Czechoslov. Chem. Communs., 16, 398, 1951. 

77 — Sen Sarma, R. N,, and Malik, A. K., Science and Culture (India), 20, 135, 1954. 

78 — Sen Sarma, R. N., and Malik, A. K., Anal. Chim. Acta, 12, 329, 1955. 

79 — Sen Sarma, R. N., and Malik, A. K., Z. anal. Chem., 148, 179, 1955. 

80 — Shakhtakhtinskii, G. B., and Aslanov, G. H., Azerbaidzh. Khim. Zhur., 1959, 4, 101. 
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81 — Srivastava, M. N., Anal. Chim. Acta, 20, 516, 1959. 

8"> — Svatek, E., Roubal, Z., and Pribil, R., Collection Czcchoslov. Chcm. Communs., 19, 
674, 1954. 

83 — Tillu, M. M., Current Sci., 24, 45, 1955. 

84— Voter, R. C., and Banks, C. V., Anal. Chcm., 21, 1320, 1949. 

85 — Walter, J. L., and Freiser, H., Anal. Chem., 24, 984, 1952. 

86 — Watts, H. L., Anal. Chcm., 32, 1189, 1960. 

87— Willard, H. FI., Martin, E. L., and Feitham, R., Anal. Chem., 25, 1863, 1953. 

88 — Willson, A. E., Anal. Chem., 23, 754, 1951. 

89 — Zimmer, FI., Z. anal. Chem., 165, 268, 1959. 

by cyanide, the addition of formaldehyde, because of its reaction with cyanide, 
frees the zinc ion to react with such reagents as EDTA or Erioclirome Black T. 25u 

Methods Used for Demasking.— Various methods may be used to effect demask- 
ing in analytical procedures. Most important of these are: 

1. Decomposition of the Masking Reagent.— Thus, EDTA may be destroyed by 
using a strong oxidizing agent, such as permanganate, in an acid medium, or simply 
by digesting with a strong acid. 

2. Replacement of the Masked Ion in a Complex by Another Ion With Which 
the Masking Agent Forms a Stronger Complex.— The reaction of zirconium with 
xylenol orange is masked by fluoride, but the addition of beryllium releases the 
zirconium by forming a more stable fluoride complex. 

3. By Change of pFI to Alter the Stability of a Complex.— For example, vanadium 
is not precipitated with cupferron in the presence of EDTA at pH above 1.5, but 
when the pH is reduced to 0.5, precipitation is complete. 

4. By Changing the Oxidation State of the Complexed Ion.— Copper(II) reacts 
with l-(2-pyridylazo)-2-naphthol (PAN) in the presence of thiosulfate at a pPI > 7, 
but in a slightly acidic medium, copper(I) forms a very stable thiosulfate complex 
that does not give this reaction. 

5. By Volatilization of One of the Components of the Masked System. For ex- 
ample, fluoride and cyanide can be removed by volatilization in the presence of 
strong acids, and ammonia can be removed by heating. 

Common Demasking Reagents.— A number of demasking reagents in analytical 
reactions is shown in Table 5-8. 
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Table 5-8. Demasking Reagents 


Complexing 

Agent 

Ion 

Demasked 

Demasking 

Reagent 

Application 

Ammonia 

Ag + 

Br“ 

Detection of Br. 


Ag + 

H+ 

Detection of Ag. 


Ag + 

I~ 

Detection of I and Br. 


Ag+ 

SiOj (amorph.) 

Differentiation of crjst. and 
amorph. Si0 2 (+ CrO<). 

Carbonate 

Cu ++ 

H+ 

Free Cu ++ . 

Chloride (cone.) 

Ag+ 

h 2 o 

Precipitation of AgCl. 

Cyanide 

Ag + 

H+ 

Precipitation of Ag. 


Cd ++ 

H+ 

Free Cd++. 


Cd +f 

HCHO (OH") 

Detection of Cd (-{- diphenyl- 
carbazide) in presence of 
Cu. 


Cu + 

H+ 

Precipitation of Cu. 


Cu ++ 

HgO 

Determination of Cu. 


DMG *» 

Pd ++ 

Detection of CN~ (+ Ni ++ ). 


Fe++ 

Hg ++ 

Free Fe ++ . 


Fe 3+ 

HgO 

Determination of Fe. 


Hg ++ 

Pd++ 

Detection of Pd (+ diphenyl- 
car bazide). 


Ni++ 

HCHO 

Detection of Ni (+ dimethyl- 
glyoxime). 


Ni++ 

HgO 

Determination of Ni. 


Ni++ 

H+ 

Free Ni+ + . 


Ni++ 

Ag+, Hg++, 

Pb++ 

Detection of Ag, Hg, Pb (+ 
dime th ylgiyoxime). 


Ni++ 

Ag halides 

Detection of Ag halides (+ 
dimethylglyoxime) . 


Ni ++ 

Ag+ 

Detection and determination 
of Ni (+ dimethylgly- 
oxime) in presence of Co. 


Pd++ 

HgO 

Determination of Pd. 


Pd++ 

H+ 

Precipitation of Pd. 


Zn ++ 

cci 3 cho-h 2 o 

EDTA titration of Zn. 


Zn ++ 

H+ 

Free Zn ++ . 

EDTA 

Al 3+ 

F~ 

Titration of Al. 


Ba++ 

H+ 

Precipitation of BaSC >4 

(+SCV). 


Co++ 

Ca++ 

React. Co ++ with diethyldi- 
thiocarbamate. 


Mg ++ 

F“ 

Titration of Mg, Mn, and Zn. 


Th*+ 

S0 4 ” 

Titration of Th. 
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Table 5-8. ( Continued ) 


Complexing 

Agent 

Ion 

Demasked 

Dcmasking 

Reagent 

Application 

EDTA 

Ti'+ 

Mg ++ 

Precipitation of Ti (A NH4- 

Zn 

CN“ 

OH). 

Titration of Mg, Mn, and Zn. 


Many ions 

MnO.[" A H + 

Free ions. 

Ethylenediamine 

Ag+ 

SiO i (amorph.) 

Differentiation of cryst. and 

Fluoride 

Al 3+ 

OH- 

amorph. Si0 3 (A Cr0.i~). 
Precipitation of Al(OH) 3 . 

A\ i+ 

Be ++ 

Precipitation of Ai (A oxine). 


Fe 3+ 

OH- 

Precipitation of Fe(OH) 3 . 


Mo, V, 

FI3BO3 

Free MoO.r, VO;", WO.f 


and W 
Sn l+ 

h 3 bo 3 

ions. 

Precipitation of Sn (A IAS). 


U 

Al 3+ 

Determination of U (dibenzo- 


Zr 1+ 

Ca ++ 

ylmethane). 

Detection of Ca ++ (A Ali- 


Zr' 1+ 

OH- 

zarin S). 

Precipitation of Zr(OH).i. 


Zr, Hf 

Be ++ , Al 3+ 

Detection of Zr and Hf 

H 2 O 2 

Ti, Zr, 

Fe 3+ 

(A xylenol orange). 

Nitrite 

and Hf 

Co 3+ 

H+ 

Free of Co 3+ . 

Oxalate 

A1+++ 

OH- 

Precipitation of Al(OH) 3 . 

Phosphate 

Fe 3+ 

OH- 

Precipitation of FeP0 3 . 


U 

Al 3+ 

Determination of U (dibenzo- 

Sulfate (cone. 

Ba ++ 

tFO 

ylmethane). 

Precipitation of BaSOi. 

h 2 so 4 ) 

Tartrate 

Al 3+ 

H..O 2 + Cu ++ 

Precipitation of Al(OH) 3 . 

Thiocyanate 

Fe 3 + 

OH- 

Precipitation of Fe(OH) 3 . 

Thiosulfate 

Cu 

OH- 

Detection of Cu (A PAN). 


Ag+ 

H+ 

Free Ag+. 


" j7 Dimethylglyoxime. 
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One of the methods commonly employed for quantitative separations is that of 
electrolysis. These electrolytic methods can be applied to the quantitative re- 
moval and determination of one or more different metallic ions from solution or 
may be used, with carefully controlled conditions, to effect a separation of ions 
of one metal from those of several oilier metals. 

Before discussing electrolytic methods, it is essential to recall certain funda- 
mental laws and facts related to electrolysis. The coulomb is the quantity of elec- 
tricity that will cause the deposition or removal of 0.001118 g. of silver at an 
electrode. An ampere, the unit of current, is 1 coulomb per second. The ohm 
is the unit of resistance; a column of mercury 106.3 cm. long at 0®C. weighing 
14.4521 g. and of uniform cross-section has a resistance of 1 ohm. The volt or 
unit of electromotive force (emf) causes a current of 1 ampere to flow through a 
resistance of 1 ohm. The volt-coulomb or joule is the unit of electrical energy, 
and the volt-ampere or watt is the unit of electrical power. 

Ohm’s Law gives the relation between current, resistance and electromotive force. 

_ electromotive force _ E 

Current = ; or I = —• 

resistance R 

where I is in amperes, E in volts, and R in ohms. 

The faraday, 96,493 coulombs, is the amount of electricity equivalent to Avo- 
gadro's number of electrons transferred in either an oxidation or a reduction 
process. Because this quantity of electrons must be removed to oxidize a gram 
equivalent of any substance and the same number of electrons must be taken to 
reduce a gram equivalent, a faraday is that quantity of electricity used in trans- 
forming a gram equivalent of any substance at an electrode. 

The two laws of electrolysis, usually referred to as Faraday’s Laws, can be stated 
as follows: 

1* The quantity of a given substance that is liberated at an electrode is propor- 
tional to the quantity of electricity that is passed through die system. 

2. The amounts of different substances that are deposited by the same quantity 
of electricity are proportional to the chemical equivalent weights of these sub- 
stances. These statements would appear to be self-evident, but they are true only 
if the current efficiency does not vary and is 100% for the substance being meas- 
166* 
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ured. For example, if a faratlay of electricity is passed through each of three solu- 
tions containing copper(II), silvev(I), and zinc(II), respectively, the amounts of 
metals deposited on the cathodes will be 63.54/2 g. of copper, 107.88 g. of silver, 
and 65.38/2 g. of zinc if 100% current efficiency is achieved in each case. Like- 
wise, if only 0.100 faraday of electricity were passed through each of these solu- 
tions, only 0.100 as much of each of these metals would be deposited. 

CURRENT EFFICIENCY 

Two or more electrochemical processes may occur simultaneously at an elec- 
trode. If the efficiency of one of these processes is to be determined, it is neces- 
sary to know the ratio of the number of coulombs required for this particular 
process as compared with the total number of coulombs that w-ere passed through 
the solution. 

Many electrolytic separations can be performed without any concern for or 
knowledge of the operating current efficiency. For example, in the separation of 
copper from an aqueous nitric acid solution of copper ions, the reduction of 
both copper and nitrate ions may occur at the cathode. Since the total amount 
of current required for the deposition of copper is not usually measured, the cur- 
rent efficiency for this process is relatively unimportant. 

On the other hand, if an electrolytic separation or determination is made which 
depends on measuring the current passed through the solution for a given length 
of time, it is necessary to know accurately the efficiency of this process. Usually 
in such procedures, only one electrochemical reaction occurs at the electrode, and 
experimental conditions are so maintained that virtually one hundred per cent 
current efficiency is achieved. 

Rate of stirring of the electrolyte, concentration of electrochemically active ma- 
terial, temperature, composition of the electrode, and current density are some of 
the factors that are important in controlling current efficiency. Current density 
is defined as the current in amperes per square centimeter of electrode surface. As 
the current density increases, the number of electrons passing through a unit area 
of the electrode surface increases, and the probability that only one electrochem- 
ical process can give or take this quantity of electrons decreases. For this reason, 
a second process may occur at the electrode, and the current efficiency for the 
first process decreases. 


THEORY OF ELECTROLYSIS 
ELECTRODE POTENTIALS 

If any chemical element that is a conductor of electricity is placed in contact 
with a solution containing its own ions, a potential difference develops at the in-, 
terface between the electrode and solution. The magnitude and sign or direction 
°f this potential depend upon the relative tendency of the atoms of the element 
to give off or accept electrons to form ions of the element. Depending on the 
nature of the element and the concentration of its ions in solution, the potential 
of the electrode may be positive, zero, or negative relative to the solution. 

If a piece of copper metal is immersed in a dilute solution of cupric sulfate, 
*e copper metal will become positively charged; if a piece of zinc is immersed 
n a ddute solution of zinc sulfate, the zinc metal will become negatively charged, 
here are two major factors that determine the electrode potential relative to 
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another electrode. First is the activity of the electrolytic solution pressure of the 
element, which is the tendency of the element to furnish ions. At a given tem- 
perature and pressure this is a characteristic constant for a stable form of an ele- 
ment but varies if the electrode is strained mechanically or if a metastable crystal- 
line form of the metal is present. Second is the activity of the dissolved ions of 
the element, which in turn varies with the concentration at constant temperature. 
A table of standard potentials at 25°C. that apply to the condition of unit activity 
(approximately 1 molar) of the ions and one atmosphere pressure for gases is given 
in Table 6-1. These standard potentials are the potentials that the element or elec- 
trode de\e!op with regard to the solution and are designated as E ru °, E Zn *>, E Hj °, 
etc. Because it is impossible to measure the potential of a single electiode in 
contact with a solution, these standard values are relative, and the standard hydro- 
gen ion-hydrogen electrode is arbitrarily taken as the standard of reference. Be- 
cause standard potentials vary with temperature, the temperature at which the 
potential is measured should be specified. 

The potentials shown in Table 6-1 are standard reduction potentials and all 
reactions are written as reductions. For oxidations, which is the same as consid- 
ering the reactions in Table 6-1 written in the opposite direction, the magnitude 


Table 6-1. Standard Reduction Potentials at 25°C. 


Electrode Reaction 

E°, volt 

Li+ + e" -» Li 

-3.045 

K+ + e- -+ K 

-2.925 

Ca++ + 2e“ -*■ Ca 

-2.87 

Na+ + e“ -» Na 

-2.714 

Zn++ + 2e“ Zn 

-0.763 

Fe++- + 2e“ — Fe 

-0.440 

Cd++ + 2e“ — Cd 

-0.403 

Co++ 4- 2e“ -> Co 

-0.277 

Ni ++ + 2c" -» Ni 

-0.250 

Sn++ + 2e" -*■ Sn 

-0.136 

Pb ++ + 2e~ -> Pb 

-0.126 

2H+ + 2e- -» H 2 

0.000 

BiO+ + 2H+ + 3e“ -> Bi + H 2 0 

4-0.32 

Cu++ + 2c- -* Cu 

4-0.337 

1 3 ~ 4* 2e~ — > 3I — 

4-0.536 

Hg 2 ++ 4- 2e- -» 2Hg 

4-0.789 

Ag+ + e“ -> Ag 

4-0.7991 

Br, + 2c- 2Br- 

4-1.065 

O, + 4H+ + 4e“ -* 2HsO 

4-1.229 

Cl, + 2e- -» 2C1- 

4*1.360 

PbO, + HSO.- + 3H+ + 2e" -> PbSO. + 2H,Q 

4-1.685 


of the potential will remain the same but the sign will be opposite. Thus, the 
standard potential for the reaction Zn++ + 2e--»Zn is -0.763 volt but die 
standard potential for the oxidation of Zn (Zn-* Zn++ 4-2e~) is + 0.763 volt. 

VOLTAIC AND ELECTROLYTIC CELLS 
A voltaic cell consists of two electrodes and one or more solutions and is capable 
of spontaneously converting chemical energy more or less completely into elec- 
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trial energy and supplying this energy to an external source. In these cells, a 
chemical reaction involving an oxidation at one electrode and a reduction at the 
other electrode occurs. The electrons evolved in the oxidation step are trans- 
ferred at the electrode surface, pass through the external circuit and back to the 
electrode where reduction takes place. When one of the chemical components 
diat is responsible for these reactions is depleted, the cell is no longer capable of 
supplying electrical energy to an external source and the cell is “dead.” 

If electrical energy is supplied from an external source, the cell through which 
it flows is called an electrolytic cell. A given cell may function at one time as 
a voltaic cell and at another as an electrolytic cell. The lead storage battery is 
the most familiar example of this phenomenon. When the cell is used to furnish 
current to an external source, acting as a voltaic cell, the following reaction pro- 
ceeds from left to right: 

Pb0 2 + 2H+ + 2HSO.r + Pb T± 2PbSO.| 2H--0. 


The lead electrode gives off electrons and the lead dioxide electrode accepts the 
electrons. This reaction can be reversed during the charging process, when electrical 
energy is supplied from an external source, and under these conditions, the cell is 
functioning as an electrolytic cell. It should be realized that the electrical energy 
needed to charge a lead storage battery must be greater than that supplied by the 
battery when it is acting as a voltaic cell and, furthermore, this electrical energy 
must be applied in the direction opposite to that given off by the voltaic cell. 

In any electrolysis, a voltaic cell is built up from the products of the electrolytic 
cell which accumulate at the electrodes. If the external current is turned off, the 
products tend to produce current in the opposite direction. Thus, the voltage 
necessary to cause electrolysis must exceed the voltage produced by the voltaic 
cell and must also overcome the IR crop (the resistance of the solution to the 
passage of current) as well as any irreversible phenomena (e.g., overvoltage) that 
may occur at the electrode surfaces. 

In order to determine what voltage must be supplied to a cell to cause electrol- 
ysis, it is necessary to know first what reactions will occur at the two electrodes. 
If these reactions are known, it is possible to calculate the potential of each elec- 
trode and thereby determine the end of the voltaic cell which exerts its potential 
in opposition to the applied voltage. For example, in the electrolysis of 0.100 M 
CuS0 4 in 1 N FI^SO.j with platinum electrodes, the reaction at the cathode will 
be Cu++ 9 e - Cu, and at the anode, 2H a O -» 0 2 -f 4FI+ -f- 4e-. The back 
em f> or the emf of the voltaic cell which opposes the applied voltage of the elec- 
trolysis, will be developed when the two reactions occurring at the electrodes in 
the electrolysis are proceeding in opposite directions. 

The potential, E, of any electrode is given by the generalized form of the Nernst 
equation 


DT 

E = E° -J- — jj- In 
nF 


<?ox 


v. ieie E° is the standard electrode potential (see Table 6-1), R is the molar o as 
constant (8.316 volt-coulombs per degree), T is the absolute temperature, n is The 
^timber of electrons transferred in the electrode reaction, F is the Faraday (96/193 
ancl fl «x and «ned are the activities of the oxidized and reduced forms, 
t pectively, of the electrode reaction. If concentrations are substituted for activi- 
’ Common logarithms for natural logarithms, and numerical values substituted 
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for die constants, assuming 
comes 


die temperature to be 25 °C., the Nernst equation be* 


E 


= E° + 


.059 , [ox] 

"7r log iR«ii' 


Using this equation to calculate the potential of the Cu electrode, where the 
reaction is Cu++ + 2e— -»Cu, we see that 


E = 0.337 + 


.059 , [Cu++] 


[Cu] represents the concentration of die reduced form of diis electrode reaction 
and [Cu++] the concentration of the oxidized form. Because [Cu] is die concen- 
tration of copper in die metal, or the mole fraction of copper, the denominator 
of the log term is unity. Thus, the potential of a copper electrode can be calcu- 
lated very simply if we know the concentration of the copper ions in which the 
copper electrode is immersed: E = 0.337 + 0.0295 log [Cu++]. It is obvious diat 
the potential of a Cu electrode equals 0.337 volt or the E Cu ° value when the con- 
centration of die copper ions is unity. In die example chosen above, [Cu++] = 0.1 
and the potential of the copper electrode is E = 0.337 + .0295 log 0.1 = 0.308 volt. 
However, in the voltaic cell which is established in this electrolysis cell, die reaction 
at the copper electrode is an oxidation. The sign of this calculated potential, 
therefore, must be reversed and becomes -0.308 \olt. 

For the other electrode where oxygen is evolved, 


1.229 + ^log 


|H 2 0] ! ' 


This expression can be simplified by realizing that [0 3 ] is the same as the pressure 
of 0 2 gas, which is virtually 1 atmosphere,* and that the concentration of H 2 0 is 
essentially constant. Then, E= 1.229 + .059 log [H+] or E = 1 .229 - .059~ pH. 
In 1 N H 2 S0 4 , the [H+] = I and the pH = 0 and the potential of diis electrode 
is 1.229 volt. At this electrode, the voltaic cell would require oxygen to be re- 
duced and die sign of die calculated potential does not change. 

The emf of any cell is merely the algebraic sum of die potentials of die two 
electrodes composing die cell, provided the signs of diese two potentials are ad- 
justed to take into account diat one reaction is an oxidation and die other is a 
reduction. Thus, the emf of the voltaic cell, or the back emf established when 
0.100 M copper sulfate is electrolyzed, is the sum of +1.229 volt and —0.308 volt 
or +0.921 volt. 

As the electrolysis of die copper sulfate proceeds, the concentration of the copper 
ions in solution decreases and the concentration of the hydrogen ions increases. 
This means that the potential of both electrodes is continuously changing during 
the electrolysis; the potential of the copper electrode becomes more negative and 
that of the oxygen electrode more positive. The net result of this effect is that 
the magnitude of the back emf increases constantly as the electrolysis proceeds and, 
consequently, an increasingly larger voltage must be applied to keep the electrol- 
ysis operating. 


* Actually, oxygen is being evolved at the electrode against a partial pressure of oxygen 
in the atmosphere; therefore, for accurate calculations of the potential of the oxygen 
electrode, [0 2 ] cannot be taken as unity. 
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Overvoltage and IR Drop .— The voltage applied to a cell in order to cause any 
electrolysis must be sufficient to overcome the sum of any overvoltage effects, IR 
drop, back emf, all of which operate to prevent electrolysis from occurring. 

Overvoltage is the potential over and above the potential calculated by the 
Nernst equation from standard electrode potentials needed to maintain a certain 
deposition at an electrode. For example, in the previous illustration with copper 
sulfate, the potential calculated for the oxygen electrode was 1.23 volt. The po- 
tential actually required to deposit oxygen at the platinum anode in this case 
may be 2.00 volt. Thus, the overvoltage would be 2.00 - 1.23 or 0.77 volt. 

Both anodic and cathodic processes exhibit overvoltage. If an anodic process 



Fig. 6-1. Current as a Function of Voltage Applied in an Electrolysis Cell. 

Virtually no current Hows until a voltage is applied in excess of the decomposition 
potential. If the IR drop and the decomposition potential for the process designated 
by “1” is equal or greater than the decomposition potential for “2,” the second electro- 
lytic process will occur simultaneously with the first. 


shows an overvoltage effect, the applied potential necessary to cause electrolysis 
will always be a more positive value than the calculated potential. For cathodic 
processes, overvoltage causes the applied potential to be more negative than the 
calculated value. 


Deposition of metals from metallic ion solutions generally show small overvolt- 
a ge effects of 0.] volt or less, whereas the evolution of gases at an electrode is 
usually associated with an overvoltage about ten times as large. In addition to 
this variable, overvoltage depends on the chemical composition of the electrode, 
the condition (rough or smooth, bright or platinized) of the electrode, temperature, 
and current density. (M. Knobel, P. Caplan, and M. Eiseman, in Trans. Am. 
•lectrochem. Soc., 43, 55, 1923, give values of the overvoltage for the deposition 
of several gases on a variety of electrodes and over a wide range of current 
densities.) 


Although overvoltage phenomena complicate the calculation of the voltage nec- 
essaiy for electrolysis to occur, its eflect makes feasible certain separations that 
would not be expected from standard electrode potentials. For example. Table 6-1 
! n lcltes lha 5 th e deposition of hydrogen should require much less negative po- 
emial than is required for the deposition of cadmium or zinc and, therefore, that 
ie discharge of hydrogen should prevent the deposition of cadmium or zinc.’ Ac- 
a y, bodi of these metals can be separated from aqueous solution because the 
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overvoltage of hydrogen causes the potential at which hydrogen is really depos- 
ited to be more negative than that of cadmium and, if the pH of the solution is 
adjusted, of zinc. By using a mercury cathode, on which the overvoltage of hy- 
drogen is particularly high, it is possible to remove elcctrolytically even alkali and 
alkaline earth metals from aqueous solution. 

The IR drop is merely the product of the current passing through the cell and 
the resistance of the cell. Obviously, the IR drop 
will be very small when small currents are flowing 
but becomes very significant for large currents. In 
Fig. 6-1, the relation of IR drop to applied voltage 
in electroljsis is shown. In most electrolytic separa- 
tions from aqueous solution, the resistance of the cell 
is small (less than 5 ohms) and the IR drop is usually 
considered to be small. However, if only 0.2 ampere 
is flowing, the IR drop is 1 volt with a 5 ohm resist- 
ance, and the applied soltage may ha\c exceeded the 
decomposition potential of another cell that could 
occur iu the same solution. This effect often leads to 
very poor current efficiencies and to contaminated 
deposits. 

EQUIPMENT FOR ELECTROLYTIC 
SEPARATIONS 

In order to make simple electrolytic separations, it 
is necessary to have a source of direct current, an 
adjustable resistance, a cell for electrolysis, including 
the electrodes and usually some means for stirring the 
solution. If the current or applied voltage is to be 
controlled, an appropriate ammeter and voltmeter 
are needed. The direct current is most convenientl) 
supplied from storage batteries because they give a 
steady voltage. However, a small motor generator or 
a rectifier unit may be operated from alternating cur- 
rent to supply the direct current. If the separation 
is to be done with a controlled electrode potential, a potentiostat is usually used 
to maintain this desired potential and to supply the necessary current. Many of 
the potentiostats that have been described in the literature and are commercially 
available are explained in Lingane’s monograph on Electroanalytical Chemistry. 1 

The electrolysis cell is frequently a beaker— preferably a tall-foim. For some 
electrolytic separations where a mercury electrode is used, a special cell similar 
to that shown in Fig. G-2 is used. In some cases, a platinum container or dish 
may serve as the electrolysis cell and simultaneously as one electrode. For solu- 
tions containing hydrofluoric acid, polyethylene beakers should be used. Gener- 
ally, the electrolysis cell is covered with a split watch glass to exclude dirt and to 
minimize loss of solution through spray during the actual electrolysis. 

The electrodes are usually either platinum or mercury. Many separations can 

i Lingane, J. J., Electroanahtical Chemistry, 2nd Ed., Interscience Publishers, Inc., New 
York, 1958. 
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be performed using a platinum gauze cathode and a platinum foil anode. When 
mercury is used as the cathode, a platinum foil or spiral is used as the anode. 
There are some separations which require silver electrodes. If the potential of 
either electrode is to be controlled during the electrolytic separation, it is essen- 
tial to have a reference electrode of known potential. This electrode, which is 
frequently a saturated calomel electrode (E = 0.216 volt), should be equipped with 
a capillary tube to permit close contact with the solution and the operating elec- 
trode and to minimize diffusion of solution either into or out of the reference 
electrode. If stirring of the solution is necessary, this can be accomplished by a 
simple motor stirrer and a glass propeller, by a magnetic stirrer, or with a rotating 
electrode. This last method is very commonly used where commercially available 
equipment for electrodeposition is employed. 

FACTORS AFFECTING SEPARATIONS 

Electrolytic separations are usually made for one of two reasons: Either the 
analyst wishes to remove an element or a group of elements which will interfere 
in a subsequent determination, or the separation is being made prior to the de- 
termination of the element separated. In the latter case, it is important to make 
the separation under conditions which insure that the deposit is pure, adherent 
to the electrode, and quantitative. This requires careful consideration of the 
factors that influence the nature of the deposit; the most important of these are 
the current density, the chemical nature of the ion in solution (i.c\, completed 
as Ag(CN) 2 ~ or Ni(NH.,)., + + or as a simple hydrated ion), the rate of stirring, 
the temperature, and the presence of depolarizers which minimize the evolution 
of gases. Where the separation is made solely for removing interferences, the 
control of these experimental conditions may be less important, but is still highly 
significant in minimizing the time required to complete the separation.- The 
time required for electrodeposition onto solid electrodes can be greatly decreased 
if the electrode is vibrated vigorously. ;i 

The optimum conditions for achieving the best deposit of a metal vary from 
one metal to another. For example, a pure, bright, and adherent deposit of 
copper can be obtained when electrolyzing a nitric acid solution of cupric ions. 
If a suitable deposit of Ag is to be obtained, the electrolysis must be carried out 
from a solution in which the silver ions are complexed as Ag(CN) 2 — . Similarly, 
the best deposits of iron are obtained from an oxalate complex and those of 
mckel from an ammonia complex. 

After the electrolysis is complete, the deposited metal(s) must be removed from 
the solution without contaminating the solution if further analyses are to be made 
on the solution, and without loss of the deposited metal if this deposit is to be 
analyzed. If the deposit has been made on a platinum electrode and is to be 
weighed, the electrode must be washed thoroughly as it is removed from the solu- 
tion. Furthermore, because of the voltaic cell which is present and which -would 
cause dissolution of the deposited metal if the applied voltage were interrupted, 
the electrode should be washed without breaking the electric circuit. This is best 
done by lowering slowly the electrolysis cell from the electrodes tvhile washing the 

H ;Casio, C. C., Analytical Chemistry of the Manhattan Project, Vol. I, Chap. 23, McGraw- 

in, 1950. This chapter gives a good account of the factors that influence the electro- 
5 tlc separation of impurities from uranium. 

fisc F- ' Proc - 15th Intern. Cong. Pure and Appl. Chern. (Anal. Chem.V Vol. I 

°3j-bo3, Lisbon, 1956. ’ 
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electrodes with a stream of water from a wash bottle. The electrodes are then 
usually rinsed with alcohol or acetone, which retards the air oxidation of the wet 
deposit, prior to drying them at an elevated temperature. The common practice 
for die determination consists in weighing the electrode before and after deposi- 
tion to obtain the weight of the deposit. If there is any possibility that some of 
the platinum has been lost during the electrolysis, the deposit can be weighed, 
dissolved, and then the electrode alone weighed. 

If the deposit has been made into a mercury electrode, the electrolysis solution 
is removed from the mercury by siphoning, or the mercury is drained from the 
electrolysis cell. The mercury is then washed with alcohol and diethyl ether and 
air-dried prior to weighing. Alternatively, the mercury, after being removed from 
the electrolysis ceil, can be distilled, and the metallic residue can then be ana- 
lyzed by other methods. 4 

If the electrolysis is performed to remove interferences prior to subsequent 
determinations, the same general precautions as mentioned before must be ob- 
served in removing the electrodes from the solution. It is necessary in these cases 
to prevent any loss or contamination of the electrolysis solution. 

SEPARATIONS WITHOUT REGULATION OF ELECTRODE 
POTENTIALS 

When a direct current is passed through a solution containing two platinum 
electrodes, first the electrochemical process with the most positive reduction po- 
tential will occur at the cathode, then the next most positive process will occur 
there, etc. If, for example, a solution containing cupric, hydrogen, zinc, and bi- 
sulfate Ions is clecirolyzed, first copper will be deposited at die cathode. As this 
metal deposits, the concentration of cupric ions in solution decreases and, accord- 
ing to the Nernst equation, the potential at which the copper deposits become 
more negative. When the potential of die cathode is reduced to the value re- 
quired for the reduction of hydrogen ions, hydrogen gas will form at the cath- 
ode. If oxygen is being evolved at the anode during this electrolysis, the 
hydrogen-ion concentration remains virtually constant in solution during the 
electrodeposition of hydrogen ions because the amount of hydrogen ions made at 
the anode is equal to that consumed at the cathode. Thus, die potential of the 
cathode does not change appreciably so long as hydrogen is evolved, which is usu- 
ally until all the water is electrolyzed. Therefore, the potential of die cathode 
cannot become sufficiently negative to allow the deposition of the zinc ions. It 
should be evident, then, diat metallic ions with a positive reduction potential 
may be separated, without external control of the cathode potential, from metallic 
ions having negative reduction potentials. Reference to standard reduction po- 
tentials as shown in Table 6-1 is not sufficient to decide what separations are pos- 
sible by this technique. It must be remembered that die hydrogen overvoltage 
causes die reduction of hydrogen ions to occur at potentials more negative dian 
diose calculated by the Nernst equation from standard potentials. In order to 
separate two metals by this technique, the hydrogen overvoltage on die cathode 
plus the reversible reduction potential of the hydrogen ions must be less than 
the negative reduction potential of any of the metallic ions that are to remain 

* Furman, N. H„ Bricker, C. E., and McDuffie. B., J. Wash. Acad. Sci., 38, 159, 1948. 
Schmidt, W. E., and Bricker, C. E.. j. EJectrochem. Soc., 102, 623, 1955. 
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in solution. For example, copper ions in a solution 1 M in hydrogen ions may 
be separated only from those metallic ions whose reduction potentials are more 
negative than about —0.8 volt even though the reversible reduction potential of 
hydrogen is 0.0 volt in this medium. This is, of course, due to the fact that the 
overvoltage of hydrogen on copper at a certain current density is about 0.8 volt. 

In addition to separating metals whose reduction potentials are on different 
sides of the hydrogen electrode, it is possible to separate several metals on the 
anode. Under suitable conditions, PbCU, MnCL and Tl 2 O a can be deposited at 
the anode and thereby separated from nearly all other metallic ions. 

Some separations without controlled cathode potential are possible only if the 
metallic ions are complexed or if the pH of the solution is controlled. Copper and 
lead are readily deposited from nitric-sulfuric acid solutions: the copper at the 
cathode, and the lead as Pb0 2 at the anode. Under these conditions, nickel, man- 
ganese, and zinc are not deposited. If tin is complexed as the fluoride, copper 
and lead may be elcctrodeposited without potential control and without deposit- 
ing tin. Copper may be separated from large amounts of iron if ethylenediamine- 
tetraacetic acid sufficient to complex the iron is added. Complexing the metallic 
ions may even reverse the order of the deposition of the metals. For example, 
copper (E° = +0.81 v.) is deposited in acid solution prior to cadmium (E = — 0.-10 
v.), but in cyanide media, the tetracyanocadmiate ions are reduced at more 
positive potentials than the tricya nocuprite ions. 

MERCURY CATHODE 

Many metallic ions that cannot be electrolyzed on a platinum or other solid 
metal electrode can be deposited into a mercury cathode. This is due to the high 
overvoltage of hydrogen on a mercury surface and also to the fact that metallic 
ions are deposited on mercury at more positive potentials. To illustrate this 
latter elfect, consider the potential required for the deposition of zinc ions on a 
zinc cathode and on a mercury cathode. 

On a zinc electrode, 

. , . , no, .059, [Zn++] 

E z „ electrode = E Zll u + —— log — — — 

2 [Znj 

As stated before [Zn] = 1 and E Zu electrode = E Zll ° + .0295 log [Zn + +j. 

For a mercury cathode, 

, n 0 , -059, [Zn ++ ] 

E »* cathodc = Ez " + — lQ S jZn ( Hg)j 

if dte concentration of the zinc in the amalgam [i.c\, Zn(Hg)] be maintained at 
less than 10~ 3 M, this equation would become, at this concentration, 

T*. , „ o , -059, [Zn++] 

E n g cathode = E Zn ° + — log ■■ 

or Eji 5 cathode = E Zu ° + 3(0.0295) + .0295 log [Zn++]. 

In other words, by keeping the concentration of zinc in die amalgam low, the 
Zl »c ions will plate out at a potential equal to 3(0.0295) volt more positive with 
a mer cury cathode than with a massive zinc cathode. 

These effects on a mercury cathode permit even the deposition of alkali and 
a aEne earth metals from neutral or alkaline solution. However, the most im- 
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portant separations using a mercury cathode are made from acidic solutions (about 
0.3 N sulfuric acid) where it is possible to deposit quantitatively Cr, Fe, Co, Ni, 
Cu, Zn, Ga, Ge, Mo, Rli, Pd, Ag, Cd, In, Sn, Re, Ir, l’t, Au, Hg, Tl, Bi, and Po 
into the mercury. In addition. Os, Pb, Se, Te, and As are completely removed 
from solution during the electrolysis even though they may not be entirely in the 
mercury. Osmium may be volatilized as the tclroxidc at the anode; some lead 
may plate as PbO a on the anode; selenium and tellurium are reduced to the metal 
but stay suspended in the solution, arsenic may be reduced to arsine and escape. 
A few elements, Mn, Ru, and Sb, arc incompletely removed from solution by 
this type of electrolysis. 

A mercury cathode electrolysis is often used to remove numerous interfering 
elements from solution prior to the estimation of elements such as aluminum, 
uranium, vanadium, die alkaline earths, and the alkalis. A cell similar to that 
shown in Fig. 6-2 can he used for this procedure. 


SEPARATIONS WITH CONTROLLED ELECTRODE 
POTENTIALS 

In the previous section, it was stated that metals whose potentials were on dif- 
ferent sides of the hydrogen ion-hydrogen electrode could be separated electro- 
lyrically. No reference was made to separating, for example, silver and copper 
or lead and cadmium Separations of two or more different metallic ions can be 
made even though their reduction potentials are on the same side of hydrogen if 
provision is made to control the cathode potential so that only the ions reduced 
at the most electropositive potential are deposited. For these conditions, an as- 
sembly similar to that shown in Fig. 6-3 is necessary. 

The potential of the electrode is determined by measuring the cmf of the cell 
established by the electrode and a reference electrode. If the emf of the cell and 
the potential of the reference electrode are known, the potential of the operating 
electrode can be calculated. It is necessary, then, to control the potential of the 
electrode so that it never becomes sufficiently negative to allow the deposition 
of the next element. This control of the electrode is achieved by adjusting the 
voltage applied to the electrolysis cell, which can be done either manually with a 
battery and a variable resistor or electionically with a potentiostat. 

Consider, for example, a solution which is 1 M in each of the ions silver, cop- 
per, cadmium, zinc, and hydrogen. A diagram of the course of the electrolysis 
of this solution using platinum electrodes is shown in Fig. 6--f. If oxygen is 
evolved at the anode, the potential at which this oxidation will occur will be the 
^oxygen 0 P lus overv oltage or about 1.8 volt. This potential of die anode, which 
is shown as a horizontal line in Fig. 6-4, will remain essentially constant because 
the factors that affect this deposition (hydrogen-ion concentration, pressure of 
oxygen, and concentration of water) do not change appreciably. Silver will de- 
posit first on the cathode at a potential of about 0.8 volt. Thus, the emf needed 
for electrolysis will be about 1.00 volt plus any IR drop. As silver is deposited, 
the concentration of the silver ion decreases and the potential of the cathode 
becomes more negative. When the silver ion concentration is reduced to I0 — 7 M, 
the potential of the cathode is 0.387 volt and the emf needed for electrolysis is 
1.41 volt. Copper will not start to deposit until the potential of the cathode is 
0.337 volt or until the emf applied is 1.46 volt. Thus, if the potential of the 
cathode can be controlled so that it never becomes more negative than -f-0.40 
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volt no copper will be deposited, and since the silver ion is reduced to nearly 
' 10 _’t M, the separation of silver is virtually complete. 

After die silver is separated, the copper could then be separated from the cad- 
mium and zinc on a fresh electrode by controlling the potential of the cathode 
•it another value which is slightly more positive than that required for the deposi- 
tion of cadmium. It is obvious that the copper ion concentration would be re- 
duced to an extremely low value before cadmium wotdtl start to deposit (theo- 
retically, to lO - - 0 M). 


Potentiostat 



Potentiometer 
or Vacuum Tube 
Voltmeter 


of 


Fig. G-3. Apparatus for Electrolysis at Controlled Potential. 

This apparatus can lie modified easily so that a mercury cathode can be used instead 
a platinum gau/c cathode. 


No cathode control would be necessary to separate the cadmium from tire zinc 
because as the cadmium ion concentration became very low, hydrogen would start 
10 deposit before zinc. As explained previously, the overvoltage of hydrogen 
uould cause the evolution of hydrogen to occur at —0.7 to —0.8 volt radier than 
at us reversible potential of 0.0 volt. With the potential of the anocle and cathode 
remaining constant, the eml' required, when hydrogen and oxygen are the prod- 
ucts of the electrolysis, would remain steady at about 2.5 volt. 

• k‘ r the most convenient way to control the potential of the cathode during 
an electrolysis is with a potentiostat. The emf that the cell, consisting of a refer- 
ence electrode and the cathode, should have at the end of a given electrolytic 
reparation is set on the potentiostat and this instrument controls the voltage ap- 
P >c( to the electrolysis cell so that this emf is held constant. 

Taxations with controlled electrode potentials are very satisfactorily done with 
mercury cathode. By including a silver or some other coulometer in series with 
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the electrolysis circuit, it is comparatively simple to perform a series of separa- 
tions and analyses without replacing the mercury cathode between successive sep- 
arations. Because the same current flows through the electrolysis cell and the 
coulometer, a given separation at a controlled potential is carried out, and the 
amount of metal deposited in the mercury is calculated by using Faraday’s Laws 
and the amount of reaction that is observed in the coulometer. The next elec- 



Fig. 6-4 Schematic Repiesentation of an Electrolytic Separation. 

The soilage that must he applied to the electrolysis cell for the deposition of sitter 
is indicated. If tins applied voltage is neter greater than that required for the deposi- 
tion of copper, only silver will be deposited. Similarly, the toltage required for the 
separation or copper from cadmium can be deduced. The removal of cadmium from 
zinc does not require potential control. 

trolysis is then performed at a new controlled potential without changing the 
electrolysis cell but, again, the coulometer is used to determine the amount of 
electrolysis that occurs. 

The potential of an anode can be controlled in a similar manner. This tech- 
nique is particularly useful in stripping one metal from a group of metals that 
may be present in an amalgam. In this case, die most electronegative metal is 
oxidized from the amalgam first, followed by the less electronegative metals. It is 
important to realize that certain metals, especially iron, cobalt, and nickel, can- 
not be oxidized from mercury prior to the oxidation of mercury itself. This 
phenomenon greatly limits the utility of controlling the potential during die 
stripping of a mercury amalgam. 

_ Electrolyses with controlled electrode potentials have wide and varied applica- 
tions. The most common inorganic applications are in the analysis of many 
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alloys and in the determination of the nature and thickness of oxide Hints on 
various metals. The use of controlled electrode potentials is now quite prevalent 
in preparative organic chemistry. If a certain organic compound can undergo a 
series of reductions (or oxidations), each at a definite potential, it is then possible 
to reduce the starting material selectivity and efficiently to some desired com- 
pound by controlling the potential of the cathode during the reduction. Because 
this procedure for reducing (or oxidizing) organic compounds produces essentially 
only the desired product, it is much more economical than most reductions per- 
formed chemically, where side reactions producing undesired products usually 
occur . 5 


INTERNAL ELECTROLYSIS 

Another method to control a cathode potential is that employed in internal 
electrolysis. If an active metal is connected to a platinum electrode and both are 
immersed in the same solution, the potential of the platinum electrode cannot be 
more negative than that established by the dissolution of the active metal. Thus, 
if die separation of copper from cadmium is to be realized, an anode of lead 
could be connected to a platinum electrode. The dissolution of the lead would 
establish a potential on the platinum sufficiently negative to deposit the copper 
but not adequate to reduce the cadmium ions. It is possible, therefore, to control 
the potential of the cathode by merely choosing the proper anode. 

In actual practice, the anode which is frequently placed in a neutral electrolyte 
is separated from the solution to be analyzed by a porous cup. This prevents 
major contamination of the solution in the anode compartment by the solution 
to be electrolyzed and vice versa. In order to prevent concentration polarization 
and to minimize the time for a separation, the solution being electrolyzed should 
be stirred. 

This simple method of controlling a cathode potential is used principally to 
plate out small quantities of noble metals in a solution of a more active metal. 
This technique is particularly suitable in those solutions where a platinum anode 
would be attacked in conventional electroanalysis, as in solutions containing a 
large concentration of chloride ions. Specific examples where this technique is 
advantageous are the determination of copper and bismuth in lead, of tin in 
aluminum, of cadmium in zinc, and of lead in antimony. 

Internal electrolysis is not confined to cathodic depositions. Recently, TLO., 
as well as MnCL, PbCL, and NLO^ have been deposited on an anode by using 
very strong oxidizing agents as a catholyte . 6 


OTHER SEPARATION TECHNIQUES 


There are several other techniques used in separating materials which do not 
necessarily involve electrolysis but which are based on the migration of charged 
particles in an electric field. 0 

Electrophoresis is the migration of large molecules and small aggregates of mole- 
cules under the influence of an electric field applied to a medium "in which the 
particles are suspended. Proteins, viruses, clay suspensions, rubber emulsions, and 


frr.Wc- com § lete bibhography of publications through 1961 on controlled-potential elec- 
trohsis and coulometry at controlled potential has been compiled bv V Israel inrl T 
i feues and published by Analytical Instruments, Inc., Wolcott Conn ' * ' 

s Lipchmsku, A., Zhur. Anal. Khim., 12, 83, 1957; 13, 102, 1958. 
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colloids are some examples of substances that may be separated into pure com- 
ponents by means of this technique. Because of the great interest in this means 
of separation and because of the various requirements of the wide variety of ap- 
plications, no single apparatus or procedure can be described for electrophoretic 
separations. In general, the material to be separated is suspended in a water solu- 
tion where the pH and the electrolyte concentration are controlled carefully. This 
water suspension is placed in a comparatively long, small-bore tube, and an elec- 
tric field is applied. The various charges or, more correctly, the various ratios 
of charge to size on the suspended particles will cause different degrees of migra- 
tion. After a certain time, particles having a similar ratio of charge to size will 
have migrated to a small section of the tube, while particles with other ratios will 
be at another location. These sections of the tube must then be separated and 
the components isolated. All vibration of the apparatus, temperature gradients, 
and any other experimental variables that would cause random migration of the 
particles must be controlled carefully. For details of this technique, one of the 
recent monographs on electrophoresis should be consulted. 

In order to minimize the factors that cause random migration in electrophoresis 
and thereby permit separations that would otherwise be impossible, the suspension 
of the material to be separated is placed on paper or some other supporting 
medium and the bands or zones of puie material are developed in this support. 
Separations which are performed by differential electrical migration in stabilized 
media are frequently referred to as electrochrotnatography as well as electrophore- 
sis. This technique is used extensively for two widely different applications, the 
separation of inorganic ions and the separation of complex organic mixtures. In 
the latter case, employed extensively in biochemical investigations, it is possible to 
separate, purify, and isolate labile, water-soluble substances not easily prepared by 
other methods. 

A modification or extension of clcctrochromatogr.iphy is continuous electro- 
chi omatography or curtain electrochrotnatography. In this method, the solution is 
innoduced continuously at the top and usually in the center of some vertically 
mounted supporting medium. This medium may be a sheet of paper, a layer of 
starch, a bed of very small glass beads, or the like, supported between two plates 
of glass or other material. The solution flows downward by gravity through the 
supporting medium while the electrical potential is applied at right angles to this 
flow. The principle of chromatography (selective adsorption and elution) as well 
as that of electrophoresis contributes to the resolution of the solution. As the 
solution drains off the bottom of the supporting medium, it is collected in a series 
of containers arranged along the horizontal width. If the separation is complete, 
individual components of the solution will be found in one of the containers or 
at least in two or three adjacent containers. This technique is useful in separating 
the components from a comparatively large volume of solution . 7 

The principle of electrical migration of charged particles has also been applied 
in electrodialysis , electro-ultra filtration, and electrodecantation. These techniques 
find wide application in the preparation and purification of organic substances 
such as proteins, hormones, enzymes, starches, resins, and cellulose . 8 

7 Details of this method can be found in inunogiaphs on electiochromatograpli) and, 
more specifically, in recent articles by H. H. Strain and A. Karler. 

« Details of these techniques can be found in the chapiei by R. E. Slauirei in Tech- 
nique of Organic Chemistry, Vol. Ill, Part I, Scpaiation and Purification, Inteiscicnce 
Publishers, Inc., New York, 1956. 
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SOLVENT EXTRACTION 

By J. C. White 

Assistant Director, Analytical Chemistry Division 
Oak Ridge National Laboratory 
Oak Ridge, Tenn. 


The use of solvent extraction as a general method of separation in analytical 
chemistry has increased markedly in recent years as analysts have come to tecog- 
nize it as a powerful separation technique. Extraction systems have become much 
more sophisticated since the early application of ethers for the solvent extraction 
of ferric chloride from hydrochloric acid solutions. Many new reagents are now 
commercially available and have assumed general use in analytical chemistry. Lit- 
erature in this field is increasing. 1 * * * * 

Table 7-11 includes a large number of reagents that have been used in separa- 
tions by solvent extraction. These reagents are listed under two classifications: 
chelates; and ion-association systems. In chelate extractions, the metal cation usu- 
ally forms a complex with the reagent that is readily soluble in an organic solvent. 
In ion-association systems, the metal exists as an uncharged species in combination 
with some anion due to electrostatic attraction. 

The form of solvent extraction most widely used in analytical chemistry is 
liquid-liquid extraction. The aqueous solution is brought into contact with an 
immiscible organic solvent, which either contains the extractant in solution or else 
serves as the extractant, in order to transfer one or more of the solutes into the 
organic solvent. Separations achieved are customarily rapid, and essentially free 
of phenomena such as coprecipitation and adsorption. Solvent extraction can be 
applied equally well to trace level and large amounts of material. The apparatus 
required is simple and economical; in practice a separatory funnel is the only 
equipment needed. 


SOLVENT EXTRACTION TABLES 


In Tables 7-1 through 7-10, the extraction characteristics are shown for several 
of the more common reagents and a few relatively new ones. The elements en- 
closed in blocks can be extracted to better than 95% by the particular reagent 


i The following general references might be consulted profitably: Biennial reviews on 

So vent Extraction, Anal. Chem., 195S, I960, 1962; Morrison, G. FI., and Freise H 

Solvent Extraction in Analytical Chemistry, John Wiley and Sons, Inc., New York 1957'- 

lhhers Inc NW w- 6 ' iq-q 3etermin ? t,on of Traces of Metals, 3rd Ed., Interscience Pub- 

KTu c"- i -r \ k ’ 19o9; Symposium on Solvent Extraction in the Analysis of Metals 
^ Special Technical Publication No. 238, 1958; Trevbol, R. E., En«ineerintr Aspects 

(Source of New Reagents), Ind. Eng. Chem., 51, Part II, 378, 1959. ^-> meeun S Aspects 
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under the designated conditions in a single equilibration. A brief discussion of 
each of the reagents referred to in the Tables is given. 

Many other reagents have been used in separations by solvent extraction. A 
number of the more important of these are shown in Table 7-11. Undoubtedly 
some of these reagents will become extractants in general use ill future years. The 
reader should be aware that, with respect to analytical application, a large num- 
ber of new extraction systems remain to be investigated. Data for many potential 
separations exist in source material not normally read by analytical chemists. 

The physical constants for a number of organic solvents are given in Table 7*12. 

ACETYLACETONE 

CH3 — C — CH2 — C — CH3 


o o 

Acetylacetone is a colorless liquid that boils at 135 to 137°C. (745 mm. Hg.), and 
has a density of 0.976 at 25 e C. It is only slightly soluble in water but soluble in 
many organic solvents. Extractions arc usually made with the pure liquid as both 
extractant and solvent, or in solution with carbon tetrachloride, chloroform, ben- 
zene, or xylene. It is stable and can be stored indefinitely. 

Acetylacetone forms chelates with some 60 metals. In the preceding periodic 
chart (Table 7-1), however, only those metals extracted to greater than 90% in a 
single extraction are inclined. These chelates are very soluble in organic solvents 
so that acetylacetone is useful in extracting macro amounts of metals as well as 
in micro scale extractions. 

THENOYLTRIFLUOROACETONE (TTA) 

C— CHz— C— CF 3 

s II II 

b o o 

Thenoyltrifluoroacetone is a crystalline solid, melting at 42.5 to 43.2 e C. It is 
generally used in a 0.1 to 0.5 M solution in benzene or toluene. The reagent is 
a useful extractant over a wide range of acidity and has received much attention 
in the extraction of the heavy elements, i.e., die actinides. 



8-QUIN OLIN OL (OXINE) 



OH 


8-QuinoIinol (oxine) is a white crystalline compound melting at 74 to 76°C. It 
is generally used in solution with chloroform. The solution in chloroform is sen- 
sitive to light, and should be stored in brown bottles, preferably in a refrigerator. 



Table 7-1. Acetylacetone Extraction of the Elements 
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Elements enclosed by solid lines are extracted favorably or selectively at the indicated pH. 










Table 7-2. 2-Thlnoyltrifluoroacetone (TTA) Extraction of the Elements 



Key Elements enclosed by solid lines are extracted by TTA (0.2 Af) in benzene favorably or selectively at the 

[ indicated pH. Those elements for which only valence is indicated are extracted from solutions of high hydro- 

Element chloric acid concentration. 





Table 7-3. 8-Quinolinol (Oxine) Extraction 
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Tabix 7-4. Diphenylthiocarbazone (Dithizone) Extraction of the Elements 
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Table 7 - 5 . Diethyldithiocarbamate Extraction of the Elements 
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Table 7-6. N-Nitrosophenylhydroxylamine (Cupferron) Extraction of the Elements 






Table 7-7. 4-Methyl-2-Pentanone (Hexone) Extraction of the Elements 
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Table 7-8. Tertiary High Molecular Weight Amine Extraction of the Elements 
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Table 7-9. Tri-k-Butyl Phosphate (TBP) Extraction of the Elements 
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Table 7-10. Tri-h-Octylphosphine Oxide (TOPO) Extraction of the Elements 


192 


SOLVENT EXTRACTION 


_ ( u 3 O § 

p-. U m hi < 4 — 3 

O U O J2 O 

O w w H £4 >< Z 



Elements enclosed by solid lines are extracted. Acid system from which favorable or selective extradiction 
be effected : 






SOLVENT EXTRACTION 


193 


Table 7-11. Metal Extraction Systems 

Chelate Systems 
Ace ty lace tone 
Thenoyltrifluoroacetone 
Quinalizarin 
Morin 
8-Quinolinol 
Dime thy lgly oxime 
Cyclohexanedionedioxime 
Furildioxime 
Benzyldioxime 
Salicylaldoxime 
1 -Nitroso-2-naphthoL 

N-Nitrosophenylhydroxylamine, ammonium salt (cupferron) 
N-Nitrosonaphthylhydroxylamine, ammonium salt (neocupferron) 
N-Benzoylphenylhydroxylamine 
Benzohydroxamic acid 

1- (2-Pyridylazo)-2-naphthol 
Diphenylthiocarbazone (Dithizone) 

Toluene-3, 4-dithiol 

Sodium diethyldithiocarbamale 
Potassium xanthate 
Phenylthiourea 

Ion-Association Systems 
Ethyl ether 
Isopropyl ether 
Ethyl acetate 

4-Methyl-2-pentanone (Hexone) 

Diisopropylketone 
T ributy lphosphate 
Carbon tetrachloride 
Benzene 
/(-Butanol 

2- Ethylhexanol 
2-Octanol 
Diisobutylcarbinol 
Dibutylcarbitol 
Pentaether 

Perfluorocarboxylic acids 
Alkylphosphoric acids 
Tri-H-octylphosphine oxide 
High molecular weight amines 
Tetraphenylarsonium (phosphonium) chlorides 
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Oxine forms chelates with many metals and is widely used in analytical separa- 
tions by solvent extraction, although it is not very selective. Its selectivity has 
been greatly extended by application of masking agents, such as ethylenedi amine- 
tetraacetic acid (EDTA). The reagent is often used as a 1% solution; in many 
cases, however, more concentrated solutions, as high as 10%, can be profitably used, 
particularly in the case of alkaline earth separations. 

DIPHENYLTHIOCARBAZONE (DITHIZONE) 

NH — MH- 
Z' 

S=C 




Diphenylthiocarbazone is a purplish black crystalline compound that decom- 
poses at temperatures above 165°C. It is soluble in organic solvents and insolu- 
ble in aqueous solutions except for aqueous ammonia. The reagent is used al- 
most exclusively in chloroform or carbon tetrachloride solution. 

As a precautionary measure, due to its sensitivity to oxidation, dithizone should 
be purified before use by filtering the chloroform solution and then extracting it 
with aqueous ammonia. Dithizone in the aqueous solution is precipitated by 
acidifying with HC1. The dried reagent should be kept in a dark, tightly stop- 
pered bottle. As an alternative to drying the precipitate, dithizone may be ex- 
tracted from its aqueous acidic solution with chloroform, and used as the chloro- 
form solution. 

Formation of metal chelates is possible in both acid and basic solutions since 
dithizone is tautomeric. Most analytical applications are made from acidic solu- 
tions because the chelates formed are more stable and more soluble in organic 
solvents. 


SODIUM DIETHYLDITHIOCARBAMATE 
S 

/ 

(C 2 H 5 ) 2 N— c 

\ 

S— Na+ 

Sodium diethyldilhiocarbamate is a white crystalline compound, generally used 
in die form of a 2% aqueous solution. The reagent is used in basic solutions in 
most applications, although extractions can be carried out in acidic solutions if 
done rapidly to avoid decomposition of the reagent. 

Since the reagent is not selective, it is often used in conjunction with masking 
agents. 
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N-NITROSOPHENYLHYDROXYLAMINE (CUPFERRON) 

N=0 

I 

— N— OH 

Cupferron is a white crystalline solid melting at 163 to 16-PC. The ammonium 
salt is the customary form of the analytical reagent. It is soluble in water and 
alcohol and generally used in an aqueous solution (6%). The metal cupferrates 
are soluble in ether and chloroform. 

Solutions of the reagent should be kept refrigerated. Extractions are best car- 
ried out in the cold to avoid decomposition of the metal chelate. Chloroform is 
the preferred solvent for extraction of the precipitated chelates. 

4-METHYL-2-PENT AN ONE (HEXONE) 

(CHsLCH— CH-r-CHo— C— CH 3 

II 

O 

4-Methyl-2-pentnnone is a clear liquid boiling at 116°C. It is somewhat soluble 
in water, about 2% by weight. The reagent is commonly used in the form of the 
organic solvent itself. Extractions are possible from a wide variety of acidic sys- 
tems. The reagent has found much use in flame photometry since hexone solu- 
tions of many cations can be aspirated directly into the flame. 

TERTIARY HIGH MOLECULAR WEIGHT AMINES 

R3N R = Cg group 

Tertiary high molecular weight amines, such as the octylamine, tri-u-octylamine, 
triisooctylamine and methyl-di-n-octyl amines, are often referred to as “liquid 
anion exchangers.” The extraction characteristics closely resemble the adsorption 
capabilities of the solid anion exchange resins. The amines are usually dissolved 
in either polar or non-polar solvents; benzene and xylene are the most widely 
used solvents. Extraction coefficients are acicl-dependent and vary greatly. Ex- 
tractions can be carried out from essentially any acidic medium as long as anionic 
complexes of the metal are present. The amines extract mineral and organic acids. 
A 0.1 M amine solution is commonly used in separations. The addition of capryl 
alcohol (about 2% by volume) to the solvent is suggested to avoid possible emul- 
sion formation. 

TRI-n-BUTYL PHOSPHATE 

[CH 3 (CH,) 3 0] 3 -P = 0 

Tri-n-butyl phosphate is a clear liquid which boils at 154 to 157°C (10 mm Htr) 
It is one of the most widely used reagents of the alkylphosphoric acid ester family 
The reagent is soluble in most organic solvents and is often used in extractions 
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Table 7-12. Physical Constants of Organic Solvents (Cont.) 
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Dibenzylamine (C C H 5 CH») 2 NH 1.026 2 j* 300.0 1.57432— 3.6 Insoluble 

PlT idil ? e CsHjN 0.98783i5» 115.3 1.50919 21 . 12.3 Soluble 

Quinoline C 0 HrN 1 095»o« 23 7.7 1.62450 2 4. 9 . 9.0 6 g./lOO ml. 

* Table from Morrison, G. H., and Freiscr, Henry, Solvent Extraction in Analytical Chemistry, John Wiley and Sons, Inc., 1957. Reprinted 
with permission. 
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in a benzene or xylene solution. It is only slightly soluble in water. In some 
cases it is used as the solvent also. The reagent extracts from strongly acidic so- 
lutions.! 


TIU-n-OCTYLPHOSPHINE OXIDE 

(C 8 H iT )j-P = 0 

T ri-n-ocly lpliosphine oxide (TOPO) is a white, waxy crystalline compound melt* 
ing at 51 to 52°C. It is soluble in hydrocarbons, insoluble in water. Cyclohexane 
is often used as a solvent, although caibon tetrachloride is useful as a diluent 
when inversion of die phases is desired. The commercial product can generally 
be used without further purification. 

Tri-n-octylphosphine oxide is most useful as an extractant from highly acidic 
solutions, in excess of 1 M. Highest extraction coefficients are achieved from acidic 
chloride and nitrate solutions. The addition of chloride or nitrate to sulfate or 
perchlorate solutions often leads to effective separations. Mineral acids are co- 
extracted to some extent. 



Chapter 8 


separations by distillation 


and evaporation 


By Harold F. Walton 

Professor of Chemistry 
University of Colorado 
Boulder, Colo. 


tins elements through the vapor phase is less convenient 
Introduction, hepa a hation or solvent extraction, but it is usually clean 

than separating i a t elements are those most often separated by vapori- 

and quantitatne. I e k and pseudometals. The method can, however, 
be “LXd t y a of meuls by using higher tumpurnwres or reduced 

P1 Organic elementary i"* 4 )™' B.c determination of carbon, hydrogen nitrogen, 
and oxygen in organic compounds, requires the separation of these elements as 
„, ases Carbon and hyd ro § eu are burned to carbon dioxide and water, which arc 
absorbed' in weVhcd U uIbs containing appropriate reagents. Nitrogen, in the 
Dumas method, ts meaS ured as nitro 8 en S as ’ while ox >’S en ’ in the Unterzaucher 
method is converted to carbon monoxide, which reacts with iodine peatoxide to 
yield iodine vapor whic b bl turn * s absorbc d and determined by titration. Much 
experimental detail is h lvc d v ed hi these methods, and one can profit by referring 
to textbooks on the subl ect- 

The conversion of oxVS cu to carbon monoxide is the basis of many “vacuum 
fusion” methods for determining oxygen in metals.- A newer method which is 
applicable to organic 3 a;' wed as inorganic 1 compounds, is the reaction with BrF., 
to yield gaseous oxygen. 

The Kjeldahl method for determining nitrogen is well know'll. 1 3 4 5 Nitrogen in 
organic compounds is co a '^l^ d t® ammonium sulfate by digesting with hot con- 
centrated sulfuric acid a nd appropriate catalysts, 5 then ammonia gas is liberated 
by adding sodium hydrd x * de ’ * s distilled and absorbed in boric acid or a meas- 
ured volume of standard hydrochloric acid, then determined by titration. Nitro- 
gen can readily be deterP* n ed nitrates by reducing these to ammonia in alka- 
line solution with Devar da ‘dloy (Cu 50%, A1 45%, Zn 5%) and simultaneously 
removing the ammonia b0 r distillation. 


1 Steyermark, A., QuantiP Uve Organic Microanalysis, New York, The Blakiston Co. 
1951. 

2 Booth, E., Bryant, F. T- a ' ld „ l’ ar A ei - A - Analyst, 82, 50, 1957; Bennett, S. T., and 
Covington, L. C., Anal. Cheii 1 ' 363, 1958. 

3 Shaft, I., ancl Katz T T > nal - Chem., 29, 1322, 1957. 

4 Hockstra, H. R„ and K;P’ F J- Anal. Chem., 25, 1608, 1953. 

5 Bradstreet, R, B., Anal. Chem., 29, 944, 1957; Chem. Rev., 27, 331, 1940 
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SEPARATION OF THE ELEMENTS 

Our main concern in this chapter will be with elements other than the four 
just mentioned. We shall also ignore the inert gases. With these exceptions, 
those elements that are most often separated for analytical purposes by distilla- 
tion or evaporation will be reviewed in approximate order of atomic number. 
We are primarily concerned with separation by vaporization as a prelude to, or a 
part of, the analytical determination of the element that 
is vaporized. Vaporization, howe\ er, is also used to re- 
move unwanted elements before determining other con- 
stituents, and vaporization may lead to unintentional 
losses, if an analyst is not aware of this possibility. 

Boron .— There are few, if any, reactions specifically for 
borate in aqueous solutions. Except with the simplest of 
mixtures, it is necessary to separate borate from other con- 
stituents before it can be determined, and tliis is almost 
always done by distillation of the ester methyl borate, 
B(OCHj)j, b.p. 68.5®. The sample containing a soluble 
borate is placed in a distilling flask with a small amount 
of sulfuric or hydrochloric acid and a minimum of water; 
a considerable excess of methanol is added, and the liquid 
is distilled at 75* to 80°, keeping the volume constant by 
passing methanol vapor during the distillation, or by 
adding methanol directly through a funnel. Typical ap- 
paratus is shown in Figs. 8-1 and 8-2. The distillate is 
caught in dilute sodium hydroxide solution (0.1 to 0.5 A^, 
which is later evaporated to small volume and acidified. 
The boric acid is either determined by titration with 
standard base, using mannitol to complex the boric acid, 0 
or photometrically with curcumin or l,r-dianthrimid. 7 

There are many modifications of the distillation pro- 
cedure, depending on the nature of the sample and 
the quantity of boron. In one method, 8 for quantities 
up to 20 mg. (as in Fig. 8-1), the sample is placed in the distilling flask with a 
minimum of water. Then 5 ml. concentrated sulfuric acid is added; the solution 
is evaporated to fumes and cooled; and then 40 ml. methanol is added. This is 
distilled, and die distillate collected in aqueous sodium hydroxide; dien more 
medianol is added and the distillation is repeated. At the other extreme, a method 
for microgram and submicrogram quantities has recently been described 0 in which 
perchloric acid is used to catalyze the esterification, and glycerol is added to the 
sodium hydroxide solution in die receiver to give better retention of boric acid. 
Special equipment and techniques for boron in sedimentary rocks, 10 glasses, 11 and 
fertilizers 11 are also described. 

« Wilcox. L. V., Iml. tug. Chcm., Anal. Ed.. 2, 358, 1930. 

7 Baron, H. p Z. anal. Cheni., 143, 339, 1954. 

8 Schulek, E., and Vastagh, G., Z. anal. Cheni., 84, 167, 1931. 

9 Spicer, G. S., and Strickland, J. D. H., Anal. Chim. Acta, 18, 523, 1958. 

10 Werner, H., Z. anal. Chera., 168, 266, 1959. 

11 Ehrlich, P., and Keil, T., Z. anal. Chcm., 165, 188, 1959. 

12 Roth, H„ and Beck, W., Z. anal. Chem., 141, 404, 1954. 
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The esterification of boric acid with methanol is more rapid than most esterifi- 
cations, but is, nevertheless, slow enough so that extended or repeated distillation 
is needed to recover boric acid quantitatively. A certain amount of water is nec- 
essary, as completely anhydrous conditions are not desirable. 

Complications arise when the sample contains much silica or more than a trace 
of fluorine. A preferable extraction technique may be one that separates micro- 
oram amounts of boron from gram amounts of silica. 13 Fluoride ions combine 
widi borate to form the stable fluoborate ion. Fluoride interference can be pre- 
vented, however, by adding a large excess of a solution of anhydrous aluminum 
chloride in methanol before the distillation. 11 Fluoride is held as AIF^-. Vana- 
dium, if present, distils with methyl borate, presumably as a methyl vanadate 
ester; preliminary separation is necessary. 15 

Borosilicate glass should not be used for methyl borate distillations. It is best 
to use a silica distilling flask and condenser, and a receiver of silica, platinum, or 
silver. 

Fluorine.— Fluorine is an impediment to many analytical determinations, as it 
forms complex ions or sparingly soluble fluorides with many metals. It is easily 


methanol 
vapor or 
steam 



I tc. 8-2. Simple Apparatus for the Willard and Winter Distillation; Can Also Be Used 
for Methyl Borate. Steam Ts Passed to Distil Flttosilicic Acid, Methanol to Distil Methyl 

Borate. 


removed by evaporation with sulfuric or perchloric acid. Because of their very 
general reactivity with metal ions, fluoride ions must as a rule be separated from 
mixtures before they can be analytically determined. Separation is accomplished 
by distillation as fluosilicic acid, H^SiF,.. The sample is placed in a distilling flask 
with glass beads or broken porous pot; sulfuric acid or perchloric acid is added, 
a ncl the mixture is distilled, keeping the temperature about 135° to 140°. Under 
these conditions fluorine distils as PUSiF,; rather than SiF 4 , and there is evidence 
t wt some may distil as HF. As water boils out of the solution more is added, 
enher through a funnel, or, more usually, by passing steam. The apparatus is 
similar to that shown in Fig. 8-2, with the addition of a thermometer to read the 


13 Pohl, F. A., Z. anal. Chern., 157, 6, 1957. 

Oaestel, C„ and Huve, J.. Bull. Soc. Chirn., 16, 830, 1949. 
° Ue,ss * G., and Blnm, P„ Bull. Soc. Chim., 14, 1077, 1947. 
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temperature of the contents of the distilling flask. The receiver contains water. 
About 100 ml. of distillate are collected for 10 mg. of fluorine. 

The original distillation method of Willard and Winter 18 has been modified by 
various workers. Thus, a vapor jacket may be used to control the temperature 
of the distilling flask, 1T and phosphoric acid may be used in the flask in addition 
to perchloric. 18 One modification uses an aluminum chloride solution to receive 
the distillate. 18 Usually water is used in the receiver, and the distillate contains 
fiuosilicic acid, hydrofluoric acid, and suspended silica. Fluosilicic acid hydrolyzes 
easily and is treated for analysis as though it were hydrofluoric acid. The fluoride 
is titrated with thorium nitrate using sodium alizarinsulfonate at pH 2.6 to 3.4, 18 * 20 
or determined photometrically by the bleaching of the zirconium-alizarin 21 or 
thonum-thoron 18 lake. 

Borosilicate glass may be used in the still; small amounts of boron in either the 
glass or the sample form HBF 4 , but this does not interfere in the determination 
of fluorine. Much gelatinous silica retards distillation. More serious interference 
is given by aluminum. In the analysis of aluminosilicate rocks, one may fuse the 
rock with sodium carbonate plus zinc oxide, and extract die melt with water. Most 
of the aluminum remains in the insoluble residue, while the fluoride is in solu- 
tion. 18 A method for determining fluorine in alumina ores and catalysts makes a 
preliminary separation by fusing the sample with potassium pyrosulfate in a 
quartz flask at 800°, blowing air through the melt to drive off HF, which is ab- 
sorbed in aqueous sodium hydroxide, then separated again by a Willard and Winter 
distillation. 20 Yet anodier method uses hydrolysis of the sample by water vapor 
at 760* to liberate fluosilicic acid. 22 

Silicon — Silicon is removed where it is unwanted, for example in the “open- 
ing-up” of silicate rocks or in die purification of hydrous oxide precipitates, which 
carry absorbed silica, by evaporating with hydrofluoric and sulfuric (or perchloric) 
acids in a platinum dish. The excess of hydrofluoric acid evaporates before the 
sulfuric acid or perchloric acid, so diat the final residue is free from fluoride as 
well as silica. Where much silica has to be removed, a second or third evaporation 
can always be performed. 

Certain elements may be lost as volatile fluorides during this evaporation. These 
include B, Ge, As, Sb, Se, and also the metals Cr, Mn and Re. 23 

Where fluoride is present in a sample, the volatility of fluosilicic acid interferes 
widi die quantitative precipitation of silica by evaporation with perchloric or 
hydrochloric acid, unless steps are taken to prevent loss. By adding excess boric 
acid the fluoride is vaporized as BF 3 and the silica recovered quantitatively. 24 

Sulfur.— Where it is necessary to determine sulfur in the sulfide form, as dis- 
tinct from total sulfur, the sample is treated with hydrochloric acid and the lib- 
erated hydrogen sulfide gas is absorbed in ammoniacal zinc sulfate solution. It is 
then titrated with standard iodine solution following acidification. This method 
is mainly used in steel analysis. 

10 Willard, H. H., and Winter, O. B-, Ind. Eng. Cheni., Anal. Ed., 5, 7, 1933. ' 

17 Huckaby, W. B., Welch, E. T., and Mettler, A. V., Ind. Eng. Cheni , Anal. Ed., 19, 
154, 1947; Samachson, J., Slovik, N., and Sobel, A. E., Anal. Chein., 29, 1888, 1957. 

18 Grimaldi, F. S, Ingram, B., and Cuttitta, F., Anal. Chem., 27, 918, 1935. 

18 Ballczo, H., Doppler, G., and Lanik, A., Mikrochim. Acta, 809, 1957. 

28 Abrahamczik, E., and Merz, W., Mikrochim. Acta, 445, 1959. 

21 Sanchis, J. M., Ind. Eng. Cheni.. Anal. Ed.. 6, 134, 1934. 

22 Gamble, L. W.. Price, W. E., and Jones, W. H., Anal. Chcm., 32, 189, 1960. 

28 Chapman, F. W„ Maivin, G G.. and Tyree, S. Y., Anal. Cheni., 21, 700, 1919. 

24 Schrenk, W. T., and Ode. W. H., Ind. Eng. Chem., Anal. Ed., 1, 201, 1929. 
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Chromium- For the determination of chromium itself it is seldom necessary to 
separate it from accompanying materials. There are, however, often occasions 
where chromium interferes in the determination of other metals. It may be re- 
moved by evaporation as chromyl chloride, Cr0 2 Cl 2 . The solution is evaporated 
to fumes with perchloric acid, then small amounts of powdered sodium chloride 
are added to the boiling solution until no more orange-red vapor is evolved and 
the color of the solution shows that the chromium has been removed. Or, hydrogen 
chloride gas can be passed over the boiling solution; this method has been applied 
to the analysis of corrosion-resistant steels 23 and low-grade uranium ores. 20 

In determining chromium itself, it is common to dissolve the sample in hydro- 
diloric acid, then evaporate to fumes with perchloric acid in order to oxidize the 
chromium to chromic acid. Caution is indicated to avoid loss of chromyl chloride 
in such procedures. 

Germanium— Germanium tetrachloride, GcCl.,, boils at 84°, and is sufficiently 
stable towards water that it can be distilled from aqueous hydrochloric acid solu- 
tion. In fact, germanium is easily lost from hydrochloric acid solutions, even at 
room temperature. The optimum concentration for distillation is 3 to 4 N , 27 but 
it is best to continue distillation until constant-boiling hydrochloric acid forms, or 
else some of the germanium may stick to the walls of the condenser. 2S Tin does 
not distil under these conditions; it stays in solution as the stable ion, SnCl fi -. 
Antimony and selenium do not distil in significant amounts; arsenic forms volatile 
A$C1 3 , but if a current of chlorine is passed to keep arsenic in the pentavalent 
form, the vaporization of arsenic is prevented. 

Where a little arsenic has to be separated from much germanium, as in the 
analysis of semiconductors, a solvent extraction method is best. 29 

Arsenic , Antimony, and Tin .— As indicated above, arsenic can be distilled from 
6 N hydrochloric acid at 110° to 112° as long as it is in the trivalent form. It 
may be earned over quantitatively as AsC 1 3 in a stream of carbon dioxide, 30 and 
separated completely from much larger amounts of tin and antimony. 31 By chang- 
ing tire conditions it is possible to distil arsenic, antimony, and tin successively 
in the same apparatus. 32 After arsenic has distilled, phosphoric acid is added to 
complex the tin and raise the boiling point; the temperature is raised to 160°, and 
concentrated hydrochloric acid is dropped slowly into the flask. Antimony is dis- 
tilled as SbChj (b.p. 219°). Finally, tin is distilled as a mixture of SnClj (b.p. 
113°) and SnBr 4 by adding a mixture of hydrochloric and hydrobromic acids, 3:1 
by volume, and distilling at 140°. 

Arsenic is readily distilled from hydrobromic acid solutions, and this method 
has been favored for determination of trace concentrations. In a well-known 
method for arsenic in biological materials, 33 the sample is digested with sulfuric, 
mtuc, and perchloric acids, then transferred to the distilling flask where the nitric 


dicker, L. G., Weinberg, S., 


and Proctor, K. L., Ind. Eng. Chem., Anal. Ed., 17, 661, 


W., and Peterson, H. E., Anal. Chem., 24, 1175, 1952. 

W^lmann, W„ and Brunger, K., Z. anorg. Chem., 196, 312, 1931. 
il* a i rn V > - G " Anal - Chem-, 26, 737, 1954. 

son i,’ C- L" ancl Campbell, M„ Anal. Chem., 25, 1588, 1953; ibid., 28, 1273. 
Kodden, C. J„ J. Research Nat. Bur. Standards, 24, 7, 1940. 

9 !62h,°i%2 S ' W * C ” and Pdce ’ J' W - Metallurgy, 46, 52, 1952; Chem. Abstracts 


‘I Sd'errer, J. A., J. Research Nat. Bur. 
Magnuson, H. J., and Watson, E. B 


Standards, 16, 253, 1936; ibicl., 21, 95, 1938. 

., Ind. Eng. Chem., Anal. Ed., 16, 339, 1944- 
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acid is removed by boiling. Concentrated potassium bromide solution is then 
added. Arsenic distils rapidly, apparently as a pentabromide, since the distillate 
(collected in water) contains arsenic wholly as arsenate. In this form it is ready, 
without further oxidation, to be determined by die molybdenum blue method. 
Ammonium molybdate is added, then hydrazine, to reduce the arsenomolybdate 
to molybdenum blue. This is determined photometrically. For most accuracy in 
the microgram range the acidity of the distillate must be adjusted before adding 
ammonium molybdate. 34 

Arsenic is also separated as arsine, AsH 3 . This is formed quantitatively over a 
wide range of conditions by reduction of arsenic-containing solutions with zinc 
and sulfuric acid. It may be absorbed in dilute iodine solution and converted to 
arsenate for determination as molybdenum blue, 35 or it can be absorbed in mer- 
curic chloride solution, again with a molybdenum blue finish. 38 In the classical 
Gutzeit method, the arsine, carried by hydrogen, passes over a strip of paper im- 
pregnated with mercuric chloride and stains it yellow or black according to the 
amount of arsenic present. 

Selenium .— Selenium is distilled as the tetrabromidc under oxidizing conditions. 
Soils, for example, 87 are dried and placed in a distilling flask with a sufficient quan- 
tity of a mixture of concentrated hydrobromic acid and bromine (10:1 by volume) 
to give a permanent bromine color. More hydrobromic acid is added and the 
mixture distilled. A little hydrobromic acid-bromine mixture is first placed in the 
receiver. Organic matter can be ashed with nitric, sulfuric, and perchloric acids 
without loss of selenium; the product of the ashing is distilled with hydrobromic 
acid and bromine plus additional sulfuric acid. 38 A simple distillation technique 
has been devised for field use in geochemical prospecting; 1 g. of rock or soil is 
mixed with 2 ml. sulfuric acid and 5 ml. HBr-Bn, mixture, and distilled. The 
still is simply a micro-Kjeidahl flask with its neck bent over. To avoid carrying 
liquid bromine, bromine is liberated in situ by adding potassium bromate to the 
hydrobromic acid. The first 4 ml. of distillate contains virtually all the selenium. 30 

The selenium in the distillate is generally reduced to elemental selenium by 
sulfur dioxide, hydroxylamine, or ascorbic acid. The selenium is filtered and 
weighed, or, more often, estimated by its red color. Microgram amounts of sele- 
nium can be determined photometrically by the reaction of selenious acid with 
diaminobenzidine. 40 

Osmium .— Compounds of osmium are readily oxidized to 0s0 4 , (b.p. 129°). Os- 
mium is thus easily separated from the other platinum metals. The vapor of 
0s0 4 can be distilled from aqueous solutions. 

In the classical procedure of Gilchrist, 41 the sample is treated in the distilling 
flask with 1 : 1 nitric acid and a slow stream of air passed through the boiling solu- 
tion to carry away the osmium tetroxidc. A better oxidizing agent, particularly if 

34 Hollman, I., and Roivsoine, M., Analyst, 85, 151, 1960. 

33 Kingsley, G. R.. and Schalfert, R. R., Anal. Chem.. 23, 914, 1951. 

30 N'azaienko, V. A., Ilyantikova, G. 1'., and Lebedeva, N. B., Zavod. Lab., 23, 891, 1947; 
Anal. Abstracts, 5, 2954, 1958. 

37 Robinson, W. O., Dudley, H. C., Williams, K. T., and Byers, H. G., Ind. Eng. Chem., 
Anal. Ed., 6, 274, 1934. 

33 Fogg, D. N., and Wilkinson, N. T., Analyst, 81, 525, 1956. 

38 Lakin, H. W., Proceedings o£ XX. International Geological Congress, Mexico City, 
1956. 

48 Hoste, J., and Gillis, J., Anal. Chim. Acta, 12, 158, 1955. 

41 Gilchrist, R., J. Research Nat. Bur. Standards, 6, 421, 1931. 
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chloro-complexes of osmium arc present, is boiling perchloric acid. 1 - The os- 
mium tetroxide is absorbed in 6 N hydrochloric acid saturated with sulfur diox- 
ide The absorption is somewhat slow, and at least two traps should be used in 
series. The final determination is done gravimetrically as osmium metal 41 or 
photometrically with thiourea. 13 

V Mercury.— Mercury metal is easily liberated from its compounds by heating them 
with calcium carbonate or sodium carbonate in air, or with an oxidizing agent. It 
may also be vaporized from aqueous solutions as HgCl 2 . Mercury can be deter- 
mined in organic compounds by ashing them in the distilling flask with fuming 
sulfuric acid and ammonium persulfate (perchloric acid may also be used), and 
then passing hydrogen chloride gas and raising the temperature. Mercuric chloride 
distils quantitatively and may be determined in the distillate by precipitation of 
ZnHg(SC.N) 4 .-“ 

EVAPORATION OF METALS AT HIGH TEMPERATURES 

Metals vary greatly in their boiling points, as the following table shows: 



B.p. at 


B.p. at 

Metal 

760 in m. 

Metal 

760 min. 

Cd 

167 

A! 

2056 

Zu 

906 

Sn 

2260 

Mg 

1100 

Cu 

2310 

Bi 

1560 



Pb 

1750 



Ag 

1927 




By distilling at low pressures the temperatures needed are reduced, and differences 
in vapor pressure are magnified. A large difference in boiling point between two 
metals does not necessarily imply efficient separation, however. Little is known 
of vapor pressure-composition relations for mixtures of metals, 45 and the techniques 
of fractional distillation commonly used at lower temperatures are impractical here. 
Distillations are made with “one theoretical plate.” Techniques are described for 
rapid analysis of alloys by heating weighed samples in silica vessels to temperatures 
of 800° to 1000° and pressures down to 10~ l mm, 40 * 17 and either measuring the 
decrease in weight as one metal is vaporized and another left behind, or noting 
visually the density of the mirrors produced as one metal after another deposits 
on the walls of the tube beyond the heated portion. 17 Certain sulfides can be 
vaporized and separated by this last technique. 17 

Evaporation in a stream of nitrogen has been used to extract traces of lead from 
■ton and stone meteorites in geochemical research. 1!i Charges weighing up to 25 g. 

, 4 : ^fsdand, A. D„ and Beamish, I 7 . E., Anal. Chem., 26, 739, 1954. 

•'Allen, W. J., and Beamish, F. E., Anal. Chem., 24, 1608, 1952. 

" lemniore, E. !>., and Wagner, E. C., T. Am. Chem. Soc., 53, 2468, 1931. 

; -eitgebel, W., 7.. anorg. Chem., 302, 305, 1931. 

Bo tto • w C Y’ 3t ' v “ an( * Dolanyi, M., Metal Industries, 31, 195, 1927; Topelman, H., in 
!•. ," ei • fed.), Physikalische Methoden der analytischen Chemie, III, Akademische 
An,TOS lhchaft - Leipzig, 74, 1939; Colbeck, E. W., Craven, S. W., and Murray, W„ 
"t r *" a9, 395> 1934 - 

T'nghahnel, G„ Chem. Technik, 8, 588, 1956. 

•Marshall, R. R„ and Hess, D. C., Anal. Chem., 32, 960, 1960. 
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are placed in a graphite crucible inside a quartz tube and heated by an induction 
furnace to 1400®; see Fig. 8-3. Lead is vaporized and condensed in moist quartz 
wool, then dissolved in acid, purified by a 
dithizonc extraction, and transferred to the 
filament of a mass-spectrometer for isotopic 
analysis. 

A somewhat similar technique has been 
used to separate traces of zinc from baux- 
ite, clays, and oxide minerals, 50 and from 
pyrites. 51 The samples are placed in a 
ceramic boat in a quartz tube, and heated 
in a furnace at 1100° for 30 to 60 min- 
utes. Silicate materials are mixed before- 
hand with carbon and magnesium oxide; 
pyrite is mixed with carbon and powdered 
iron. A stream of hydrogen is passed dur- 
ing ignition; see Fig. 8-4. Zinc condenses 
in the narrow part of the tube just outside 
the furnace. It is not pure, but may con- 
tain Cd, Pb, Bi, Sb, As, Ge, and T1 if 
these were present in the original sample. 
The metal mirror is dissolved in hydro- 
chloric acid and the zinc determined polaro- 
graphically or with dithizone, using mash- 
ing agents to present interference from the 
impurities. If major amounts of lead and 
Rocks.* 0 other volatile metals are present, more elab- 

orate separation procedures arc needed, 
and there is then little point in using the vaporization procedure in preference 
to other methods. The advantage of the vaporization method, where it can be 



metal — ' 
mirror 



bulb to check bock-diffusion - 
Fig. 8 4. Distilling Apparatus for Recovering Zinc and Other Metals from Clays. 


applied, is its speed and simplicity, and the fact that few reagents are required, 
which is an important consideration in trace analysis. 

Ld wauls, G., and Uiey, H. C , Geochim. et Cosmochim. Acta, 7, 134, 1955. 

50 Geifmann, \V„ and Neeb, R., Angew. Chem., 67, 26, 1955. 

51 Geilmann, W., Neeb, R., and Esdmauer, H., Z. anal. Cbem., 154, 418, 1957. 
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fitted with a condenser, takeoff valve, packing, packing support, and insulation. 
It is also necessary to fit the rubber stopper or cork to the bottom end of the 
column, or to have the desired male spherical joint sealed onto the tube. When 
the spherical joint is used, the boiling flask should have a side arm for connection 
to the back pressure manometer, and a well for the thermometer. The most satis* 



factory condenser arrangement is achieved by ring sealing an outer jacket with 
water inlet and outlet onto the upper end of the main column tube. A very in- 
expensive condenser (Fig. 8-6) can be fitted to the upper end of the column by 
slipping a rubber stopper down over the tube until it is about three incites from 
the bend. A second hole tn this stopper should be fitted with a 6-mm. glass tube 
to which the incoming water line may be connected. The outer jacket of the 
condenser is next slipped over the column tube, and then a second stopper is 
slipped down until it completes the assembly of the condenser jacket. The second 
stopper must be fitted with a 6-mm. tube to provide the water outlet. 

The packing support may consist of a glass spiral (Fig. 8-7) 
which just fits the inside of the column tube; a similar helix of 
stainless steel wire may often be used. Alternately a piece of 
stainless steel screen of 4 meshes to die inch may be formed into 
a shape that just slides into the column. The support is slipped 
into the column from below, indentations are then made at sev- 
eral points around the circumference about 4 inches from the 
lower end, and the support is then gently bumped down into 
place against the indentations. The packing may then be intro- 
duced from the top of the column. The packing should extend 
just to the bend in the column tube. 

The least expensive kind of column can be insulated with a 
piece of steam pipe insulation, preferably the magnesia type, but 
any type will be fairly effective. An additional piece of such 
lagging, of larger diameter, should be used to insulate the section 
from the top of the still pot to the bottom of die column. Some similar ariangc- 
ment of asbestos paper should be used to insulate the flask itself fiom variations 
in room conditions. At least one thermometer should be imbedded in the insula- 
tion, with the thermometer bulb firmly against die glass. 

Product removal may be achieved by sealing a side arm with stopcock to the 
underside of die column tube just above the bend and just below the condenser. 
This becomes the most fragile part of the apparatus. An alternate (Fig. 8-6) is to 



Fic. 8-7. Pack- 
ing Support. 
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• 1 it the bottom side of the column tube at the point between the condenser 
"'id bend, so that a small pool of product liquid collects at this point during col- 
umn operation. A fine capillary is then passed in from the upper end of the 
column tube and fitted so that the lower end of the capillary will be submerged 
in the pool of liquid just below the condenser. The upper end of the capillary 
is passed through one hole of a two hole rubber stopper which is inserted into 
‘ end of the column tube. The second hole of this stopper must be open 

The capillary line leads 


the upper 


Water In — «•: 


Tempeiature 
Well ^ 

Tap of O' 

Packing j 



Electro-magnet 
— Connected To 
Timer 

Water Out 


— Valve Rod 


Valve Seat 


to the atmosphere, in some cases through a drying lube 
to a fraction collection test tube or bottle 
which may be evacuated at a controlled 
rate, so that the product is withdrawn 
from the product pool through the capil- 
lary and into the collection tube. These 1^1 I f\ 

tubes should be easily removable so that * ! 

a new tube can be substituted quickly 
when it is desired to start collecting a 
new fraction. 

A vertical rod % inch in diameter, fas- 
tened firmly to the lloor and wall, or 
otherwise firmly secured, should be used 
tosupport the column and llask, by means 
of suitable laboratory clamps. Similar 
rods and damps should be used to sup- 
port the product sample tubes, and other 
auxiliaries. 

It is necessary to be able to estimate 
the temperature at the top of the pack- 
ing. This may be done by passing a 
thermometer down from the upper end 
d the column tube until the thermom- 
tter bulb just touches the upper sur- 
face of the packing at a point removed from the outside walls of the column 
tube. 

bt most present day apparatus, a heating mantle is used to heat the boiling 
ih$k and other mantles often serve to insulate tilt* column proper as well as the 
connecting section between column and boiler. An offset condenser is provided 
1 tg. 8-8), and fitted with a reflux splitter controlled by a timing device. A well 
h Provided for a thermometer or thermocouple, and other thermocouples provide 
means of measuring jacket and still pot temperatures. 

- ost analytical distillation can be done satisfactorily with any of the commonly 
avai able packings. If the material being distilled is inert to stainless steel, pro- 
™ e metal packing is almost universally satisfactory as to separating power and 
^ rou gtput. with freedom from Hooding. If stainless steel cannot lie tolerated. 
I' in 1 aSC ^ r -‘ n S s (Lngth equal to diameter, about Tic. inch) are satisfactory, or 
o'X 1 j^ dSS ^' ccs with two turns each, may be used. Single turn helices, espe- 
For 1 IC S ' /XS ’ arc P rone to hooding except in the hands of experts. 

KtnUs"! 3 . am ^ CS ’ s P ec * a l equipment or suitable commercially available cquip- 


Product 
Line 

l r t<;. 8-S. Offset Condenser. 


For 


^commended. 


3ll( | a J aaiUm ^dilation, the various joints should be equipped with oil seals, 
ui ? )C ) U P ac khig should be used unless very slow boilup can be toler- 

1 >e operator is skilled and experienced. 
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INTRODUCTION 

CluomaLogr.iphy has been defined as “the study and the utilization of widely 
applicable, analytical procedures for the resolution of mixtures of solutes by dif- 
ferential migration from a narrow zone in porous media, the migration being pro- 
duced by electrical potential or by flow of liquid or gas." 1 Inherent with this 
definition is the concept of a driving and resistive force, either or both of which 
must act selectively on the solutes if they are to migrate at different rates. Thus, 
if the solvent flow or electrostatic potential gradient drives all particles uniformly, 
different migration rates must be established by selective resistive forces and vice 
versa. The more common resistive forces are viscosity, permeability, and adsorp- 
tion processes, the latter being one of the most selective phenomena known to 
man, and one which tends to characterize most chromatography pioccdures. 

Technique of Chromatogtaphy .—' The technique of chromatography consists, in 
general, of percolating a homogeneous phase containing the sample mixture 
through another phase that is stationary and has a very large surface area. In 
practice, the percolating phase is a liquid or a gas, and the stationary phase is a 
column of porous solid adsorbent or a liquid phase immobilized by being ad- 
sorbed on a suitable solid adsorbent. As the solution percolates through the bed 
of adsorbent, a dynamic reversible equilibrium involving solute, solvent, and ad- 
sorbent is established. Solute particles compete with solvent particles as they 
strive to occupy die surface of the adsorbent; the more strongly the solvent is 
adsorbed, the greater the competition for adsorption of the solute. Hence, the 
solute spends a greater portion of the time in the solution phase and is carried 
along more rapidly by the solvent flow. The difference in adsorption affinities 
of otherwise similar substances causes the various solutes to migrate through the 
adsorption medium at characteristic rates and results in the separation of solutes. 
The sequence of solute zones, which develop in die adsorbent bed or in the ef- 
fluent from die adsorbent bed, is termed a chromatogram. 

Although there are various combinations of percolating and stationary phases 
and driving and resistive forces that can produce a differential migration of 
solutes, one cannot predict accurately what combination of components will pro- 

i Strain, H. H., Sato, T. R., and Engelke, J., Anal. Cheiu., 26, 95, 1954. 
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(luce a suitable chromatogram. Chromatography is not on a rational theoretical 
basis yet; the field is empirical, and one must, therefore, rely heavily on experi- 
ence. There is, however, much that is common to all chromatographic proceduies. 

The factors that determine separation efficiency are the same regardless of how 
the migration is produced or what media are used. As in all differential migiation 
methods of separation, the narrower the zone from which migration originates, 
the shorter the distance the solutes must travel to be resolved. Similarly, the 
greater the difference of solute migration rates, the shorter the migration path 
needed for a resolution. Flow rates must be slow enough for equilibriums to be 
established, and solute concentrations must be small because of the limited ad- 
sorbent surface available for adsorption. These concepts should be kept in mind 
when considering chromatographic separations because system variables are usually 
altered to enhance or suppress one of the above factors. 

Methods of Operating a Chromatographic Column .— There are three ways of 
operating a chromatographic column; frontal analysis; displacement analysis; and 
elution analysis. Each method gives some unique information about the sample. 

Frontal Analysis.— This is the simplest form of chromatography, and is best de- 
scribed as the continuous addition of the original sample solution to a column of 
adsorbent. A plot of the concentration of the solutes in the effluent of the column 
as a function of the volume of effluent is given in Fig. 9-1. The results are in- 
terpreted in the following manner. The solute A, with the least affinity for the 


Some Physical 
or Chemical 
Property 



Volume of Effluent 

Fig. 9-1. A Typical Elution Pattern Obtained by Frontal Analysis. 


adsorbent, will migrate through the column rapidly and appear in the effluent 
ist. Solute B, with a slightly greater adsorption affinity, will appear in the ef 
fluent next, etc. One step will appear in the elution curve for eadr solute tlrn 
appears in the effluent. The column effluent will be a mixture of solutes after 
the second component appears, and will increase in complexity with the L' 
mice of each new solute until the effluent composition is identical to the iiX T 
The number of steps in die elution curve designates onlv the m' nfluent * 

°f sample components. Frontal analysis is not effective for resoh Z™™ i^ 
cause only a limited portion of the least strongly adsorbed lolute K ? 65 ’ be ' 

a pure form; it has die advantage, however that iirev^'Ki . ! be lsolated in 

pear in the effluent. irreversibly adsorbed solutes ap- 



214 CHROMATOGRAPHY 

Displacement Analysis.— In this method the sample solutes are adsorbed from a 
small volume of sample near the top of the adsorbent column and washed through 
die column with a solution or solvent having a greater affinity for the adsorbent 
than any of the sample components. As the developing solvent flows through die 
column it displaces all of the adsorbed solutes, which in turn displace each other. 
If the column is long enough for equilibrium to be approached, each component 
will move through die column as a /one of pure material. The least strongly ad- 
sorbed solute will appear in the effluent first, followed by other sample com- 
ponents in the order of increasing adsorption affinity. Finally, the displacing sub- 
stance will appear in the effluent. A typical elution curve for displacement anal- 
ysis is given in Fig. 9*2. Under equilibrium or near equilibrium conditions, all 


Some Physical 
or Chemical 
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Volume of Effluent 

Fic. 9-2. A Tjpical Elution Pattern Obtained b) Displacement Analjsis. 


solute zones move through the column at the same rate as the developer, but they 
are not completely resolved; the trailing edge of one zone will overlap the leading 
edge of the following zone. The method is theoretically limited to reversible ad- 
sorption systems because irreversibly adsorbed components will not appear in the 
eflluent. The minimum number of sample components can be determined from 
the number of steps in the curve, and each component can be separated in a pure 
form, but not quantitatively. The method can be used for quantitative determina- 
tions, however, since only a given amount of solute can be adsorbed per unit 
weight of adsorbent. Thus, as the concentration of a sample component is in- 
creased, the length of the corresponding step in the elution curve is lengthened 
proportionately. Quantitative determinations are effected by comparing the volume 
of effluent required for the collection of a given component with a series of stand- 
ard samples. 

Elution Analysis.— This method is distinguished from the other techniques by 
the fact that the sample components aie adsorbed from a small volume of sample 
solution near the top of the column, and then washed through the column with 
pure solvent. Each component will migrate through the column at a characteristic 
rate depending on its adsorption affinity. The result is that complex mixtures can 
conceivably be resolved completely. As in displacement analysis, elution analysis 
is applicable to reveisibly adsorbed components only. Figure 9-3 shows a typical 
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, . i •_ T r ; c nncsihle to determine the minimum num- 

elution curve for ehmon analysis ^ t(j quantitative ly resolve all 

ber of samp e j qua ii ta tive and quantitative tests can be applied to the 

individmd effluent fractions. The greater versatility of elution analysts is respon- 
sible fir its being the most widely used form of chromatography. 



Fig. 9-3. A Typical Elution Pattern Obtained by Elution Analysis. 


The R f Value.— Owe of the most convenient means of presenting chromato- 
graphic data is to express the relative migration rates of the solutes as an R f value, 
where 

distance traversed by leading edge of the solute zone 
distance traversed by leading edge of the solvent zone 

R f values are a measure of the interaction of solute, solvent, and adsorbent, and 
are reproducible and characteristic for each solute in a given solvent-adsorbent 
system under specified conditions. The complete description of a chromatogram 
must include the R f values of each solute, the description of solvent and adsorbent, 
and the system variables, such as temperature, flow rate, and solute concentrations. 

Recovery of Sample Components .— Resolved sample components can be recov- 
ered in two ways. In. the first method, each solute can be isolated in a single frac- 
tion or in a series of fractions as it appears in the effluent of the column, and then 
recovered by removing die solvent. The second method involves mechanically 
dividing the adsorbent column into fractions containing the individual solutes after 
the chromatogram has been developed. The solute can be eluted from the adsorb- 
ent and recovered by elimination of the solvent. The first technique is usually the 
move convenient to use. 

Application of Chromatography to Chemical Analysis .— Due to its remarkable 
selectivity, chromatography has been used for qualitative and quantitative analysis, 
die resolution of mixtures, and concentration of dilute solutions. Qualitative tests 
are effected either by a direct comparison of R f values for known and unknown 
chromatographed under identical conditions, or by the use of a "mixed chromato- 
gram." In the former instance, the criterion for solute identification is the de- 
velopment of a chromatogram identical to the known. In the latter instance the 
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substance to be identified is mixed with pure material thought to be the same 
substance. If a single well-defined zone results when the mixture is chromato- 
graphed on two or three different adsorbents, die identity of the unknown is veri- 
fied. The method is analogous to a mixed melting point determination, and is 
highly reliable. In fact, many researchers suggest that chromatographic homo- 
geneity, especially in gas chromatography, is the most infallible criterion of purity 
that can be applied to a substance. A remarkable adjunct to qualitative tests is 
the application of identifying reactions, namely color producing reactions, to the 
developed chromatogram to confirm the presence or absence of a given solute or 
group of solutes. 

Quantitative tests are generally applied to the resolved components only, and 
are more or less the classical quantitative procedures adapted to suit the analysis 
of solutes in the column effluent or on the adsorbent. Solutes can be concen- 
trated on active adsorbents from dilute solutions, and recovered in a smaller solu- 
tion volume by eluting die solute from the adsorbent with a more strongly ad- 
sorbed solvent. 

The greatest application of chromatography has been the resolution of complex 
mixtures for subsequent qualitative or quantitative tests or for preparative work. 
Without the isolation by chromatographic procedures of the various plant pig- 
ments, vitamins, viruses, hormones, and metabolism products, it would have been 
impossible for our knowledge in these areas to develop as rapidly as it did. Pos- 
sibly no other separation technique has exerted so great an influence on organic 
chemistry and biochemistry as lias chromatography. Chromatography's influence 
on die field of inorganic chemistry has been much less spectacular but, even so, 
diere are thousands of publications relating chromatography to inorganic analyses. 

ADSORPTION CHROMATOGRAPHY 

Adsorption chromatography is characterized by the passage of the sample 
solution through a column of powdered or granular adsorbent. 

Adsorbents.— "The adsorbents should be insoluble and chemically inert under ex- 
perimental conditions, preferably white or light colored, economical, convenient 
to use, and reproducible. Two conflicting factors, particle size and adsorbent sur- 
face area, must be considered. The capacity of a given adsorbent is inherently 
small but directly proportional to the surface area of die adsorbent and inversely 
proportional to the particle size. Every effort must be made to provide a large 
adsorbing surface but practical considerations make it necessary to use large enough 
particles so that column flow rates are reasonable. The compromise on particle size 
seems to cover die range from 100 to 300 mesh size. Even so, the smaller mesh 
sizes give such slow flow rates that a filter aid is required. Diatomaceous earths, 
kieselguhr, and certain forms of silica are excellent filter aids. When mixed with a 
stronger adsorbent they act as an inert diluent and increase the porosity of the 
adsorbent bed. Weight ratios as high as 1:1 are common. 

The common adsorbents are, almost without exception, oxygen-containing or- 
ganic or inoTganic compounds, which are hydrophilic and have a high capacity 
for adsorbing water and only a slight tendency to adsorb nonpolar substances. 
The adsorbents are not alike in activity or capacity, but generally, solutes are ad- 
sorbed in the same sequence on different adsorbents. Some of the more common 
adsorbents are listed in Table 9-1 in. the order of increasing strength, of adsorp- 
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tion. The relative positions of the adsorbents in the table are for the activated 
forms and can be changed by deactivation. Dehydration and deactivation aie 
usually synonymous terms when referring to adsorbents. 


Table 9-1. Common Hydrophilic Adsorbents Listed in Order of Increasing 

Strength of Adsorption 


Sucrose 

Cellulose 

Starch 

Inulin-polysaccharide 
resembling starch 
Magnesium citrate 
Sodium carbonate 
Potassium carbonate 
Calcium carbonate 
Calcium sulfate 


Calcium phosphate 
Magnesium carbonate 
Calcium oxide 
Silicic acid 
Magnesium silicates 
Charcoal 
Magnesium oxide 
Aluminum oxide 
Fuller’s earth 


Solvents.— The more common solvents are listed in Table 9-2, in the order of in- 
creasing adsorption affinity. There is such a pronounced regularity in the in- 
creasing adsorption affinity of various solvents with increased polarity, that it is 
possible to predict qualitatively the effect of changing the solvent. It is generally 
desirable to introduce the sample to the column in the most nonpolar solvent 
possible so that the solutes will be concentrated in a narrow zone at the top of 
die adsorbent bed. Then, a switch to a slightly more polar solvent will speed up 
the development of the chromatogram. A common practice used to change solvent 
polarity and eluting power is to add low percentages of alcohol or other polar 
solvents to a miscible nonpolar solvent such as petroleum ether or benzene. Thus 
one can control the polarity of the solvent to a great extent. The observed ad- 
sorption sequence of common solvents explains why alcohols, water, acids, and 
bases are not usually used as developing solvents for chromatography. They com- 
pete too strongly with the solute for the adsorption site, and tend to displace the 
solute. In effect, these solvents are good displacing solvents for removing all ad- 
sorbed solutes from the column. 


Table 9-2. Order of Increasing Self Adsorption for thf. More Common Solvents 


Petroleum ether 

Carbon tetrachloride 

Cyclohexane 

Carbon disulfide 

Diethyl ether 

Benzene 

Estei's 


Chloroform 

Dichloroe thane 

Alcohols 

Water 

Pyridine 

Organic acids 

Inorganic acids and bases 


Apparatus.— The essential equipment is indicated in Fm 9-4 rhomimi r, • 
7* is “ f v ”f io ” basic design, but modifications ctS^' “ £ 

changes ,n the column d.menstons, receiving vessel, and solvent reservoir The 
ratio of column length to diameter is usually at least as great ^4-i a i ’r 1 

as great as 100:1. Equipment can he set up for opera tZTL ,n 0 . ften 15 
macro scale. P Halations on either a micro or 
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Columns are usually packed in one of two ways. Granular adsorbents form a 
uniform bed when dry packed, if the sides of the column are tapped and a gentle 
vacuum is applied to the eflluent end of the column while adsorbent is added. 
Beds of finely divided or powdered adsorbents arc more conveniently packed by 
pouring a slurry of adsorbent and solvent into the column plugged with a filter 
pad. The liquid level must never be allowed to fall below the top of the ad- 
sorbent bed in any chromatographic operation, as air channels that prevent uni- 
form zone development may be produced. 

Zone Detection .— As long as colored components aie chromatographed on light- 
colored adsorbents, zones can be visually detected without difficulty. When color- 
less substances are chromatographed, or when dark-colored adsorbents are used, 
other means of detection are required. The more common detection techniques 
are: (1) observance of fluorescence when solutes are exposed to ultraviolet radia- 
tion; (2) introduction to the sample of a colored component that will be adsorbed 
in the same region as the coloreless component; (3) conversion of solutes to col- 
ored or fluorescent species by brushing or spraying the extruded column, or treat- 
ing the column effluent with a color producing agent; and (4) application of phys- 
ical or chemical tests to the effluent fractions or continuously. Useful properties 
to record are radioactivity, optical density, refractive index, pH, absorption spec- 
tra, dry weight of each fraction, conductivity, dielectric constant, and biological 
activity. Many of these techniques afford a means of quantitative determination 
as well as detection. 
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Applications.- Adsorption chromatography has been applied to th ® 
foods' condiments, drugs, dyes, inks, cosmetics, metabolism products. 
mixtures, amino acids, viruses, coal and petroleum products, and a host of other 
substances. In fact, applications are so varied that it is virtually impossible to 
mention all of the areas in which chromatography has been successfully applied. 
Because of this, only a few specific separations will be mentioned to point up the 

effectiveness of the method. .. . . 

The separation of alpha and beta carotene, C 40 H 50 , is probably as striking an 

illustration of the resolving power of chromatography as there is. These isomers 
are resolved readily with a number of different adsorbent-solvent systems with the 
a-carotene showing the least adsorption affinity. Structurally, the isomers differ 
only in the position of a double bond, yet, they are readily resolved. 

Gasoline, kerosene and gas-oil fractions can be divided into fractions of paraffins 
and naphthenes, mononuclear species, and mixed aromatics in a single pass through 
a column. Thirty-two of the 36 possible binary mixtures made from the nine basic 
dyes can be resolved. Chromatography is one of the best ways of rapidly con- 
centrating dilute solutions or purifying solvents. The ethanol content of chloro- 
form, for example, can be reduced to less than 0.005% by a slow percolation of 
chloroform solution through an alumina column. Spectroscopically pure solvents, 
such as cyclohexane and normal hydrocarbons, are prepared by a similar tech- 
nique. As much as 0.5 /xg. of nickel has been concentrated on a column of di- 
methylglyoxime in the presence of 5000 times as much cobalt. Numerous chromat- 
ographic schemes for inorganic analyses have been devised that are every bit as 
sensitive and selective as the more conventional schemes. Homogeneity tests and 
identification tests were outlined in the general discussion. 

Chromatography offers some distinct advantages over more conventional separa- 
tion techniques: the apparatus and techniques are simple and adaptable to both 
micro and macro sized samples; labile substances can be resolved at low tempera- 
tures in an inert atmosphere; the procedure is exceedingly selective; and both 
qualitative and quantitative tests can be applied to the resolved solutes. The 
more serious disadvantages comprise the empirical nature of the method, the low 
capacity of adsorbents, and the possibility of isomerization, hydrolysis, neutraliza- 
tion, decomposition, and precipitation of solutes on the adsorbent. Although the 
method is highly empirical, prediction of certain adsorption sequences on the 
basis of solute properties is possible. Adsorption affinities increase with molecular 
weight for members of a homologous series, and with the polarity of molecules 
particularly organic molecules. Table 9-3 gives the order of decreasing adsorption 
affinity for some of the more common organic functional groups. 

Table 9-3. Order of Degreasing Adsorption Affinity of Some Common Organic 

Functional Groups 


(1) Acids and bases 

(2) Hydroxy, amino, thio, and nitro compounds 

(3) Aldehydes, ketones, and esters 


(4) Halogen compounds 

(5) Unsaturated hydrocarbons 

(6) Saturated hydrocarbons 


PARTITION CHROMATOGRAPHY 

Partition chromatography is distinguished from adsorption chroma tomraDhv bv 
the use of two solvents. One is fixed on or in die adsorbent and th P nth • ^ I 
as the developing solvent. In practice, die adsorb^^as 
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pregnated with a solvent that is immiscible with the developing solvent. As the 
solutes are washed through the column they are partitioned between the two 
solvent phases. If the distribution coefficients of the solutes arc different, a differ- 
ential migration rate is established, which results in a separation of solutes. Parti- 
tion chromatography can be treated as a pseudo-countercurrent extraction phe- 
nomenon, and solute behavior is predictable from known distribution coefficients. 
The R f values and distribution coefficients, a, of the solutes arc related by the 
equation 

I? - Al 

f Al + a A, 

where A a = the cross sectional area of the immobile phase, A L = the cross sectional 
area of the mobile phase, and 

solute concentration in immobile phase 
solute concentration in mobile phase 

Operating techniques ate the same as for adsorption clnoniatography; only the 
mechanism for retarding the migration of solutes is different. The adsorbent used 
must not behave as an ordinary adsorbent; it must absorb or adsorb a substantial 
volume of the immobile phase. Table 9-4 lists some of the more common adsorb- 
ent-solvent systems used and the type of solutes resolved. 


Taele 9-4. Examples of Adsordlnt-solvent Systems Used for Partition 
Chromatography 


Immobile 

Adsorbent Phase Mobile Phase Solute 


Silica gel 

Aniline 

Water 

Methanol, water, 

h 2 so 4 

Cellulose 

Water 

Starch 

Water 

Water 

Kicselguhr 

Methanol and 
water 

Celite 

Aqueous NaOH 

Silica 

MethanoJic NaOH 

Powdered 

rubber 

Butanol 

Hyflo Super Cel 

Silicone 


Isopropyl alcohol 

Paraffins and 

and benzene 

cycloparaffins 

Butanol and 

Amino acids 

chloroform 

Skellysolve B 

Aromatic acids 

Alcohols 

Amino acids 

Organic 

Inorganic species 

Butanol, benzyl, 

Amino acids 

alcohol 

Ligroin-methanol 

C 7 acids 

Benzene 

Diols 

Iso-octane 

Aliphatic acids 

Aqueous buffers 

Amino acids 

saturated with 
butanol 

Chloroform, Skelly- 

Cp„ Ci 2 , fatty acids 


solve S, water, 
methanol 
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-/■"paper chromatography 

The term paper chromatography is reserved for the description of chromato- 


graphic procedures that employ filter paper as the migration medium. The solu- 
tion to be analyzed is placed or spotted on the paper a short distance from o e 
end and the solvent is evaporated, leaving a restricted deposit ol solutes, usually 
less than 0.5 cm. in diameter. The end of the paper is then inserted ,n a solvent, 
and the solvent flows through tire paper by capillary action. Under suitable con- 
ditions the deposited solutes are dissolved and carried from their original position 
by the flow of solvent. Because of the selective adsorption action of the cellulose 
and the elution analysis technique, it is possible to effect a complete lesolution 
of sample components. Cellulose is electronegative in water, is highly polui, and 
has a great affinity for water and other polar solvents. It can act as a reducing 
agent and will reduce such things as permanganate, ferric salts, alkali ferricyanides, 
and dipicrylamines on prolonged contact. Filter paper is used in several different 
ways as a chromatographic medium. The paper can serve as a porous adsorbent 
for adsorption processes, or it can be impregnated with such things as water, 
rubber, high molecular weight alcohols, petroleum jelly, silicones, and various 
fatty derivatives. These substances, being good solvents, can serve as the immo- 
bile phase for a true liquid-liquid partitioning phenomenon. Using a developing 
solvent that is immiscible with the immobilized phase makes possible the distribu- 
tion of solutes between the two phases. The adsorption properties of cellulose 
can be controlled almost at will by using it as a substrate or support for various 
adsorbents. Alumina, silicic acid, starch, 8-hydroxyquinoline, dimethylglyoxime, 
and various salts can be precipitated in the pores of the paper to give a migration 
medium with the flexibility of paper but the adsorbent characteristics of the pre- 
cipitate. 

-Apparatus .— The basic equipment needed for the development of chromato- 
grams on paper is usually available in all laboratories, even those with meager 
supplies. A reasonably airtight container, which will not absorb solvent vapors, 
is essential, since chromatograms or R f values are reproducible only if the chro- 
matogram is developed in an atmosphere saturated with the solvent and free of 
drafts. Glass jars, bell jars, test tubes, battery jars, graduated cylinders, hydrome- 
ter jars, specimen tanks, aquariums, clay crocks, and pipes are all usable as the 
chromatographic chamber if they can be provided with a tightly fitting lid. The 
equipment can be made quite compact by simply sandwiching the paper between 
two glass plates. Figure 9-5 illustrates two versatile laboratory devices for the 
efficient development of paper chromatograms. 

Chromatograms developed in the preceding manner are referred to as one-di- 
mensional because the solutes migrate in only one direction. A simple means of 
enhancing the effectiveness of paper chromatography is to develop a two-dimen- 
sional paper chromatogram. Develop die chromatogram first in one direction- 
remove the paper and evaporate the solvent; rotate the paper through 90° • and 
develop the chromatogram with a second solvent flowing normal to °the original 
solvent flow. Inasmuch as there is a great probability that adsorption affinities 
and R f values for a given solute will be different in different solvents the fin d 
position of the solutes on the chromatogram is determined by the resultant of the 

orces operating normal to each other. The detection of zones is essentially the 
same as that described in adsorption chromatography. ^ 
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Applications .— Paper chromatography has proven very effective in resolving mix- 
tures of amino acids, sugars, hydrolysis products, inorganic ions, and pigments. 
The fields of application are great; they are limited only by one's imagination and 
the physical limits of the technique. Because it will effectively resolve microgram 
quantities of materials, paper chromatography is widely used in forensic chemistry 
and medicine for the identification and separation of dyes, inks, cosmetics, drugs, 
and natural products, where only minute samples are available for analysis. Un- 
fortunately, the procedure is ineffective in most preparative work because of the 
severe limitation on sample size. This disadvantage can be overcome, however. 


Poper Support 



Paper Support 
— / 




Filter ^r 

/ 

Developing 

Paper 

Solvent 


Solvent 


Flow 

1 


j 


Ascending Technique Descending Technique 

Fic. 9-5. Simple Apparatus for Paper Chromatogiaphy. 


by using special papers several millimeters thick, or by using powdered cellulose 
as the adsorbent in columnar chromatography. The single most distinct advan- 
tage associated with paper chromatography is the fact that multiple samples can 
be run simultaneously on the same sheet of paper under identical conditions. 


ELECTROCHROMATOGRAPHY 

If charged solutes are spotted on filter paper moistened with an electrolytic so- 
lution, and a potential gradient is established across the paper strip, the solutes 
will migrate through the paper to the cathode or anode according to the sign of 
the charge on the particle. This is electrochi omatography. The flow of solvent 
used as the driving force in conventional paper chromatography has been replaced 
with a potential gradient. Differences in solute charge, adsorption affinity, and 
other physico-chemical factors establish characteristic migration rates for the so- 
lutes. The method is directly comparable to an elution analysis technique. A 
modification of this technique is a combination of solvent flow and electrostatic 
potential gradients operating normal to one another in the plane of the paper 
to produce a two-dimensional chromatogram. The final position of the solutes is 
then determined by the resultant of the two driving forces. Such a technique 
makes continuous chromatographic separations possible. 
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Apparatus .- The simplest experimental technique for electrochromatography 
employs a sheet of filter paper, moistened with an electrolyte, .and stretched hori- 
zontally between two electrode vessels to which a potential difference is applied. 
The sample is spotted in the center of the strip in much the same manner that 
samples are applied to filter paper in paper chromatography. Solutes can now 
migrate in opposite directions depending on their respective charges. The paper 
strip is then sandwiched between glass plates (see Fig. 9-6) to prevent evaporation 
of solvent and to conduct excessive heat away. To achieve the same effect, the 
entire apparatus may be sealed in an airtight chamber saturated with solvent. 
Power is supplied from a d.c. source which will deliver up to 1000 v. and 100 ma. 


D.C. Source Milliammeter 



cuiient. Electrodes are usually carbon or platinum to prevent sample contamina- 
tion by products of corrosion. 

Continuous separations are possible with more complicated apparatus. Simple 
equipment consists of a sheet of filter paper, moistened with an electrolyte solution, 
and clamped between two glass plates held in a vertical position. Electrodes con- 
tact the paper along each vertical edge. Thus, as sample solution is added con- 
tinuously to die top of the paper, solutes are subjected to two forces, the flow of 
so vent downward, and an electrostatic potential gradient transversely. Each so- 
lute travels a characteristic path, which is the resultant of the chromatographic 
and electromigratton factors, to the bottom of the paper. Sample components 
emerge separated from the lower edge of the paper, and can be collected con- 
tinuously. The apparatus is illustrated in Fig. 9-7. 

A discontinuous type of two-dimensional chromatography is possible ,i - 
equipment if the sample is introduced at the too in 1 ' mh th,s 

through the paper by an elution analysis teSnioue l Washcd 

electrode products do not diffuse into the paper and alter e ^ - ta . ken that 

supporting electrolyte or developing solvent For example ^ dlaaenstlcs of the 
cathode may become basic and the region about P ’ le ie ff lon about the 
course of the electrolysis. ° ‘ the anoc5e - acidic, during the 

The detection of solute zones on paper after an electrochromatographic devel- 
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opment is not significantly different from that in paper chromatography and ad- 
sorption chromatography to warrant discussion here. 

Applications.— Electrodiromatographic sequences serve for the description, com- 
parison, and identification of substances in much the same manner that R r val- 
ues are used in paper and adsorption chromatography. The few examples of 
specific separations cited here are intended solely to familiarize die reader with 



Fig. 9-7. Paper ElectrochromaLographic Cell Designed for Continuous Separations. (After 
Strain.) Note the dhcrgence of sticams of oppositely charged solutes. 

the possibilities of die technique, since, obviously, it is applicable to the separa- 
tion of charged particles only. Continuous separations have been reported for 
mixtures of: copper and silver; copper and nickel; silver, copper, nickel, and iron; 
aluminum and iron; yttrium and cerium; arsenic, antimony, and tin; and many 
others. Discontinuous separations have been effected for mixtures of: silver, mer- 
cury, and lead; iron, cobalt, nickel, and aluminum; the alkali and alkaline earth 
metals; and fission products. 

Electrochromatography has been used for die separation of mixtures of aliphatic 
amines, dyes, hydrolysis products of nucleic acids, proteins, lipides, organic acids, 
monosaccharides, amino acids, and many other substances. Typical of what can 
be achieved in complex mixtures is the ready fractionation of amino acid mix- 
tures into three groups, acidic, neutral, and basic, by the proper selection of pH 
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for die buffered electrolyte medium. Further separations within these groups are 
Ten poSe by an adjustment ot pH and the interplay of elec.ros.attc and ad- 

sorptive forces. 


GAS CHROMATOGRAPHY 


Chromatographic procedures involving a mobile gas phase can be classified in 
two distinct types: gas-solid chromatography (G.S.C.); and gas-liquid chromatogra- 
phy (G.L.C.), or gas-liquid partition chromatography (G.L.P.C.), having a Input 
as the immobile phase. The liquid is immobilized by adsorption on a suitable 
solid such as fire brick or celite. G.L.C. enjoys a number of advantages over 
G.S.C. The elution bands are narrower and usually symmetrical, in contrast to 
the tailed bands of G.S.C., and one has a wide choice of stationary phases, making 
almost any separation possible. In addition, G.L.C. is amenable to theoietical 
treatment because the partitioning phenomenon is better understood than the 
adsorption process occurring in G.S.C. As a result, both practical and theoietical 
advancements in gas chromatography have been made almost exclusively in the 
field of G.L.C. It is worth noting, however, that there is very little difference in 
operating techniques and instrumentation for the two methods. 

From its inception there has been considerable confusion in the presentation 
of gas chromatographic data, and much published data has been useless to other 
investigators. A special panel working under the auspices of the Hydrocarbon 
Research Group of the Institute of Petroleum of Great Britain has attempted to 
standardize the reporting of data. The panel's recommendations are described in 
an article by Ambrose, Keulemans, and Purnell. 2 

The recommended method of presenting data is to tabulate the values of the 
specific retention volumes, V g , for various solutes or to plot V tJ versus the recipro- 
cal of the absolute temperature. These plots are usually straight lines. The re- 
tention volume, V R °, of a specific solute is die difference between the volume of 
carrier gas required to move the maximum of the solute zone through the column 
and die volume of the column occupied by the gaseous phase, the volume meas- 
urements being made between die points of sample injection and detector. The 
retention volume, V ]t ° > is converted to a standard value, V , by calculating the 
value of the retention volume at standard temperature aiid pressure per unit 
weight of die solvent. In routine analyses, though, a suitable standard is added 
to the sample mixture and retention volumes are measured in relation to the 
standard. Thus any changes occurring in operating conditions affect standard 
and solutes alike, and relative retention volumes are not changed. This leads to 
the most popular method of reporting data, which is to plot the log of the rela- 
tive retention volumes versus 1/T. In such cases the data should be given for at 
least two temperatures along with the partition coefficient and V for the refer- 
ence or standard solute. 9 


Instrumentation .- Space will not permit a detailed discussion here of instru- 
mentation used in gas chromatography but the essential components will be men- 
tioned. Figure 9-8 is a block diagram of a typical gas chromatographic unit The 
carrier gas is usually helium but hydrogen, nitrogen, oxygen, carbon dioxide and 
air aie also used. The column is either a glass or metal tube (4 to 8 mm ID1 
packed with solid adsorbent, and coated with the appropriate nonvolatile solvent 


a Ambrose, D„ Keulemans, A. and M., and Purnell, J. 


H., Anal. Chem., 30, 1582, 1958. ' 
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Crushed fire brick (30/50 or 30/60 mesh size) or chromosorb (a diatomaceous 
earth) are the most common adsorbents. Table 9-5 lists the more common solvents 
or substrates used to coat the adsorbent. In most instruments the column atid 
detector are thermostated at temperatures up lo 200° C. Liquid samples are gen- 
erally injected with a hypodermic syringe in volumes of 0.1 to 10 pi., whereas 
gaseous samples are swept from a gas pipet with the carrier gas. Detectors based 
on changes in the thermal conductivity, dielectric constant, ionizability, radio- 
activity, and heat of combustion of the effluent gas stream are widely used for the 


Detector Block Somple 



Fig. 9-8. Block Diagram of a Typical Gas Chromatography Unit. 


detection of resolved solutes. Of these, thermal conductivity types are used al- 
most exclusively in commercial instruments. 

A recent significant advance in instrumentation was the introduction of capillary 
columns that do not use a packing. The columns are approximately 0.01 inch 
I.D. and 100 to 300 feet long. The walls of the capillary are coated with die 
nonvolatile solvent. A maximum sample charge of 1 to 2 mg. is permissible. The 
columns can be formed into compact coils, are easily prepared and thermostated, 
and have unusually high separation efficiencies. Analyses are also more rapid 
than with packed columns. 

Applications.— Under a definite set of experimental conditions, the retention 
volume is a characteristic property of a solute, and can be used in its identifica- 
tion in a fashion analogous to the use of R f values in adsorption or paper chro- 
matography. A more sophisticated qualitative test for unknowns involves a plot 
of the log of the retention volume of members of a homologous series versus the 
number of carbon atoms. Such plots yield straight lines which are clearly useful 
for the identification of unknown compounds in a given class. The resolving 
power of the technique can be exemplified with the following examples. Petroleum 
fractions containing 20 or more constituents in any boiling fraction can be re- 
solved. In the coal tar fraction, boiling up to 218°C., for example, 52 compounds 
have been separated and identified. Of these, 27 compounds were separated and 
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Table 9-5. Substrate Materials Used in Gas-Liquid Chromatography and the 
Types of Substances Reported Separated on Each 

Substrate Material Separation 


ti - Dodecane 
?j-Octade<!:ane 
n-Decane 
2,5-Hexanedione 

Acetonylacetone 

Dibutylphthalate 

Squalane 

Di-2-ethylhexyl sebacate 

Aircraft engine oil (Bright Stock) 

Silicone 550 

Dimethylformamide 

Dimethyl sulfolane (Oxydipropionitrile) 

Tri-isobutylene 

Diethylene glycol mono-ethyl ether 

Silicone 550 and stearic acid 
Apiezon L 

Paraffin wax 
Carbowax 4000 
Dioctyl phthalate 
Dinonyl phthalate 
Tricresyl phosphate 
Silicone 702 
Narcoil 40 
Polypropylene glycol 

High vacuum silicone grease 
1 -Chloronaphthlene 
Silver nitrate in polyethylene glycol 
Hydrogenated vegetable oil 


Cr hydrocarbons 
Ci to Cs hydrocarbons 
Low boiling hydrocarbons 
C 4 hydrocarbons and low boiling hydro- 
carbons 

C 3 to C 5 hydrocarbons and low boiling hy- 
drocarbons, including olefins and di- 
olefins 

General hydrocarbons 
Hydrocarbons 

General hydrocarbons, chlorinated hydro- 
carbons 

High boiling hydrocarbons and general 
separation of high boilers 
General hydrocarbons and organometallics 
Olefins and acetylenes 
Olefins from paraffins, olefins, pentenes, 
and hexenes 

C3 and C 3 compounds, including paraffins, 
olefins, and acetylenes 
C 3 to C5 coumpounds, including olefins 
and diolefins 
Fatty acids 

High boiler, general purpose, esters of 
fatty acids 
Amines 

Amines and water 

General purpose including ketones and 
esters, florinated hydrocarbons 

Separation of polar and nonpolar com- 
pounds 

High boiling compounds 

Isomeric xylenes 

Low boiling olefins 

N-acetyl butyl esters of amino adds 
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identified for the first time by gas chromatography. The technique lias been used 
quite successfully to resolve isomers, aldol condensation pioducts, derivatives of 
amino acids, long chain fatty acids, numerous petroleum products, automobile 
exhaust products, air pollutants, volatile food products, metal chlorides, metal 
acetylacetonates, and to identify and determine the extent of alcoholic intoxication 
from the breath. 

Gas chromatography is extremely selective, rapid, and easily adapted to auto- 
matic recoiding and contiol operations. Columns can be used repeatedly without 
repacking, and sample components are diluted only slightly by the carrier gas. 
Separations are restricted to readily volatile substances, which are stable at the 
column temperature, and only small quantities of sample can be used, which pre- 
cludes the use of the technique in general preparative work. 
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ION EXCHANGE METHODS 
IN ANALYSIS 

By Harold F. Walton 
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ha ion exchange, ions of one kind in a solution are replaced by ions of another 
kind, but of similar charge, by contact with an insoluble material called an ion 
exchanger. r As a glance at any current journal will show, ion exchange has be- 
come one of the routine tools of the analytical chemist. 

ION EXCHANGING MATERIALS 

Structure.— The ion exchangers used in analytical work are crosslinkcd polyelec- 
trolytes. Usually they are resinous in nature. To many people the term “ion 
exchange resin” and “ion exchanger” are synonymous. However, inorganic ion ex- 
changers have their uses too, and a new class of synthetic inorganic exchangers 
has come into being in recent years. 

Ion exchangers contain ionic functional groups attached to a polymer network. 
The range of possible ionic groups and polymers is very wide, and a great variety 
of materials has been synthesized. For routine analytical use, however, only a 
few of these need be considered. First in importance are the resins based on 
crosslinked polystyrene: 


— CH— CH..— CH— CHo— CH— 
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By copolymerizing styrene and divinyl benzene and sulfonating the product, a 
cation exchanger is obtained; by chlormethylating the copolymer and then treating 
with a tertiary amine, anion exchangers are formed. These two types of exchanger 
suffice for most analytical purposes. They are highly ionized in their hydrogen 
and hydroxyl forms, respectively, as well as in their salt forms. 

For certain applications in organic and biochemical analysis (and in prepara- 
tive work) weakly acidic or weakly basic ion exchangers are desired. Typical 
chemical structures that give these properties are shown below: 

OH OH OH 



SOj“H + SO3-H+ CH 2 


b. — CH— CHj-CH— CHj-CH— CH t— 

I I 

COOH COOH 

— CH— 

c. — CH— CHz— CH— CHr-CH— CH 2 



N(CH 3 ) 2 N(CH 3 ) 2 

CHn — CHo — NH — 

/ 

d. — NH— CH*— CHi— N 

\ 

CH 2 — CH 2 — NH— 

It is obviously possible to have strongly and weakly acidic (or basic) groups in the 
same resin. A special case of a bilunctional cation exchange resin is the sulfonated 
phenolic type (see diagram). Among the many functional groups that can be 
introduced into ion exchange resins are the phosphoric acid group, the sulfhydryl 
group, and the iminodiacetate group, — N(CH 2 COOH) 2 . Resins of this last type 
are amphiprotic and have chelating properties. The analytical applications of such 
resins seem to be limited, but have been little explored. 

The new class of inorganic exchangers, mentioned above, is based on the hy- 
drous oxides of die fourth, fifdi and sixdi groups of the periodic system, princi- 
pally, Zr0 2 , SnO a , V«0 5 , P 2 0 5 , MoO s and W0 3 . Hydrous zirconium oxide, for 
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example, exhibits amphiprotic properties. It acts as a weakly task anion ex- 
dhaneer below pH 6, and as a weakly acidic cation exchanger abote this pH. 
Zirconium phosphate is naturally more acidic in nature and behaves as a cation 
exchanger over the whole pH range. A hypothetical structure for this m, t 

rial is: 
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HO— P— OH 

1 

O 


(— Zr— O — )» 

I 

0 

HO— P— OH 

1 
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When fully ionized (above pH 12) this material should have an equivalent weight 
of 75, or an ion exchange capacity of IB meq. per g., in contrast to sulfonated poly- 
styrene resin with a capacity of 5 meq. per g. 

These exchangers are stable to heat and radiation and are very effective in 
separating ions of the alkali and alkaline earth metal groups. 1 - - 

Physical and Chemical Properties of Ion Exchange Resins .— Resins based on 
polystyrene are supplied in the form of beads that are almost perfect spheres. 
They are available in any desired mesh size from about 18 mesh (1 mm. diameter, 
measured when wet) down to colloidal size. The size ranges 50 to 100 mesh and 
100 to 200 mesh are best, for most analytical work. 

Dry resin beads swell considerably when placed in water. The extent of swell- 
ing is controlled by the crosslinking. The degree of crosslinking of styrene- 
divinylbenzene copolymers is expressed as the percentage of divinylbenzene used 
in making the polymer. For most practical purposes, 8% crosslinking is best. 
The higher the crosslinking, the more ions are held per unit volume of swollen 
resin, and the greater is the selectivity. On the other hand, the exchange re- 
actions are slower, and die larger ions penetrate extremely slowly or not at all. 
Resins with low crosslinking (4% and less) react faster with large ions but have 
the disadvantage diat their volume may change significantly when one eluting 
solution is substituted for another. In exacting chromatographic separations, such 
as the separation of amino acids, this may offset the advantage of greater permea- 
bility. 3 - 4 - 5 


i Kraus, K. A., Phillips, H. O., Carlson, T. A., and Johnson, J. S., Proc. Second United 
Nations Conference on Peaceful Uses of Atomic Energy, Vol. 28, p. 3, 1958. 

- Amplilett, C. B„ ibid., p. 17. 

3 Stein, W. H., and Moore, S., Cold Spring Harboi Symposia Quant. Biol., 14 179 1949 - 

ibid^ll" 893 1 907 in i954 H " J ' Chem '’ 192, 663 ’ 1951; Moore ’ S - and Stein, W. H.’, 

4 See also chapter by P. B. Hamilton, in Calmon, C„ and Kressman, T. R E -/Eds') 
Ion Exchangers m Organic and Biochemistry, Interscience Publishers, Inc.. New Ym* 
I9 d/. 

3 Hamilton, P. B., and Anderson, R. A., Anal. Chem., 31, 1504, 1959. 
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Polystyrene-type ion exchange resins have good chemical stability. Sulfonated 
polystyrene cation exchangers are attacked slowly by strong oxidizing agents at 
temperatures above 80°C.; 6 at 100°, widi hydrogen ions as die replaceable cations, 
these resins lose sulfuric acid very slowly, but if die hydrogen ions are replaced 
by sodium ions, the resins are stable up to 200°C. in presence of water. 7 In other 
words, diese resins are completely resistant to chemical attack under normal oper- 
ating conditions. Anion exchange resins in the salt form are stable up to 100° 
and above, but the hydroxyl forms break down appreciably at temperatures 
above 50° to 60°. 

The bead type resins are amber colored or almost white. Sulfonated polysty- 
rene resins used to be dark brown colored owing to degradation during the 
sulfonation piocess. They are now available in the "white” grade, actually light 
yellow in color, which is an advantage where colored ions are being exchanged 
and is also a sign of better chemical characteristics. 

Table 10-1 lists a few of the resins commercially available. Methods for de- 
termining such characteristics as moisture content, exchange capacity, degree of 
swelling, and acid or basic strength are described in manuals and reference 
works. 9 - “• 10 


ION EXCHANGE COLUMNS 

Ion exchangers are almost always used in columns. By flowing a solution through 
a column, the ion exchange reaction, which is intrinsically reversible, can be made 
to go to completion, within the limits of analytical detection, in any desired 
direction. 

Description oj Column.— A useful form of column is shown in Fig. I0-I. This 
column will hold 10 to 15 ml. of resin (bulk volume); 1 ml. of column volume 
holds about 2 milliequivalents of sulfonated polystyrene cation exchanger or 1 
milliequivalent of strong base polystyrene type anion exchanger assuming 8% 
crosslinking in each case. The resin is supported on a coarse sintered glass plate. 
A plug of glass wool can also be used. The bulb at the top of the column is not 
essential, but it is convenient lor holding solution and also for backwashing the 
resin if this should be necessary. 

The size of die column depends on the work in hand. Resin columns can be 
scaled up or down over a very wide size range, and it is a common error to use 
a larger column than necessary. This requires inconveniently large volumes of 
solutions and therefore wastes time. With very small columns one must, of course, 
use fine mesh resins. 

Packing the Column .— The resin in the column must be packed as uniformly 
as possible to avoid "channelling” and ensure flat elution bands. Dry resin should 
never be placed in die column. It must first be stirred widi water in a beaker 
and allowed to remain there for 15 minutes or whatever time is necessary for the 

G Saldadze, K. M., and Demonterik, Z. G., Research in Ion Exchange Chromatography, 
p. 96. Translated by Consultants Bureau, Inc., New York, 1958. 

7 Kraus, K. A., and Raridun, R. J., J. Phys. Cliem., 63, 1901, 1939. 

9 Kumn, R„ Ion Exchange Resins, 2nd ed., John Wilev and Sons, Inc., New York, 1958. 

9 Hclflerich, F., Ion Exchange, John Wiley and Sons, Inc., New York, 1962. 

10 Salmon, J. E., and Hale, D. K., Ion Exchange: A Laboratory Manual. Academic 
l’l ess. New York, 1959. 
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Table 10-1. Commercially Available Ion Exchange Resins 


Ex- 


Form 

Functional 

Commercial 

changer 

Chemical Nature 

Group 

Designations 0 

Type 





Cation 

Sulf'onated polystyrene, 
strong acid 

Beads 

so 3 h 

Amberlite 1R-120, Dow- 
ex-50, Duolite C-20, 
Permutit Q, Zerolit 





225 

Cation 

Sulfonated phenolic, 

Gel 

SO 3 H Phenolic 

Duolite C-3, Zerolit 215 


strong acid 

1 

OH 

Amberlite IRC-50, 

Cation 

Polyacrylic acid, 

Beads 

COOH 

weak acid 


| 

Duolite C'S-lOl, 

Zerolit 226 


Anion 

Quaternary ammonium, 

Beads 

CH 0 NR 3 OH 

Amberlite IRA-400, 

type 1 , strong base 



Dowcx-1, Duolite A- 
42, De-Acidite, Zero- 
lit FF 



Anion 

Quaternary ammonium, 

Beads 

CH 2 NR»OH 

Amberlite IRA-410, 


type 2 , strong base 


| 

Dowex-2, Duolite 



CH>CHo 

l 

A-40 




1 

OH 


Anion 

Primary, secondary and 

Gel & 

CH-.NH 2 , etc. 

Amberlite IR-4B, IR-45; 


tertiary amine, 

beads 


Dowex-3; Duolite A-7, 


weak base 



A-14; Zerolit G 

Chelating 

Iminodiacetic acid 

Beads 

CH-.N 





(CH.COH)-. 

Dowex A-l 


“ Manufacturers : Doivex, Dow Chemical Co., Midland, Michigan; Amberlite , Rohm and 
Haas Co., Philadelphia; Duolite , Chemical Process Co., Redwood City, California; Permutil 
and De-Acidile , Pfaudler-Permutit Co., New York; Zerolit , United Water Softeners Ltd., 
London. 


swelling to be completed. One may remove the “fines” by stirring the resin in 
water, letting it settle for a minute or two, decanting, then adding more water 
and repeating the process. Then the resin is stirred with water and immediately 
poured into the column. With mesh sizes of 100 and finer, the rate of settling is 
sufficiently slow for the larger particles to settle at the bottom of the column and 
the smaller at the top without further treatment. For the coarser particle sizes it is 
desirable, after pouring the resin into the column, to “backwash,” i.e., to pass 
water up through the bottom of the column to float the resin in the upper bulb 
Then the water flow is stopped and the resin allowed to settle. Naturally the 
column must be as nearly vertical as possible (a visual estimate is sufficient). 
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bound more strongly by die exchanger than B. When this front reaches die end 
of the column, the concentration of A in the effluent solution rises very quick y 
from near zero to the value in the influent solution. If, on the other hand, ion B 
is more strongly bound by the exchanger than A, the front will become more 

diffuse as it moves down the column. . . , 

The analyst can improve the sharpness of the fronts by raising the concentration 
of ion A. This will be particularly effective if A has a smaller charge -than B. 
so that two or more ions of A displace one of B. 

b. In eludon chromatography the ions, B, being displaced from the column 
constitute only a very small proportion of the ions in the column; A is less stiongly 
bound than B, and the ratio of B to A is everywhere small, so that the distribu- 
tion ratio, D = (quantity of B in resin) -4- (quantity of B in solution) in a given 
small segment of the column, can be considered a constant. If this is so, then the 
volume of solution that must flow past the band of ions B to move it from one 
end of the column to the other is 

V = DV C 


where V c = the column volume = the volume of solution retained between the 
resin particles in die column. This simple relation 16 helps to predict the separa- 
tion of ions by elution chromatography. 

c. The more nearly equilibrium is readied in the column, the sharper are the 
elution bands and displacement fronts. The speed of ion exchange depends on 
the rate at which ions can diffuse within die resin, 17 and is governed primarily by 
die rate at which the ions that are inside the resin granules can move out. ls In 
other words, large ions go into the resin faster than they come out. Elution bands 
can be sharpened by using finer resin particles, higher temperatures, and slower 
flow rates. 


REPRESENTATIVE ANALYTICAL APPLICATIONS 


Determination of Total Electrolyte in a Solution.— This is probably the sim- 
plest application of ion exchange to chemical analysis. The solution to be ana- 
lyzed is passed through a column of sulfuric acid cation exchange resin in the 
hydrogen form, which is then rinsed with two or three column volumes of water. 
The cations in the solution are replaced by an equivalent amount of hydrogen 
ions; the effluent solution and the rinse are titrated with standard base. 

Hie commonest use of this technique is to measure the total salt content of 
natural water. Here the displacing cations are mainly calcium and sodium; the 
sodium ions are not strongly absorbed by the resin, and the hydrogen ions of the 
resin should be in at least threefold excess over the cations in the solution. Good 
results are obtained with a 10-ml. column of 50- to 100-mesh sulfonated polysty- 
rene resin, 8% crosslinked, and 25- to 50-ml. samples of waters containing about 
10 mg. per 1. total salts. Two or three such samples may be passed before the 
column needs to be regenerated (which is done by passing hydrochloric acid and 
then rinsing). Two titration procedures may be used: 


iT&f’r' a ' 1 , tl c T ,°, !npkit ‘ S ' f V l Am - Chem. Soc., 69, 2866, 1947. 

Bo^a, G. E., and Soldano, B. A., J. Am. Chem. Soc 75 6091 ipty. 

18 Helflerich, F„ and Plesset, M. S„ J. Chem. Physics 28, 418 1958 
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change resin containing exchangeable hydrogen ions. Ferric ions ™ 
and the solution emerging from the column contains all the sulfate with no ca- 
tions but hydrogen ions. Sulfate can be determined in this effluent without mtc - 

^"well-known procedure based upon this principle is the determination of sul- 
fur in pvrites. 33 The rock is dissolved in a mixture of hydrochloric acid, nitric 
acid, and bromine; this oxidizes sulfur to sulfuric acid. Bromine and nitric acic 
are then removed by evaporation, and the solution containing ferric ions, sulfate 
ions, and chloride ions is passed through a cation exchange resin column. Since 
hydrogen ions are also present, the resin must be in stoichiometric excess ovei the 
ferric and other metal cations, but the excess need not be a large one. The bed 
is rinsed with 2 to 3 column volumes of water. The combined effluent and rinse 
can either be analyzed gravimetrically or be made to known volume, aliquots can 
be titrated with standard base and silver nitrate, and the sulfate determined by 
the difference between the total acidity and the chloride. 

Similar procedures have been described for determining phosphate in phos- 
phate rock 34 and arsenate in insecticide powders. 35 Caution is needed, however, 
since some of die phosphate may be retained as a positively charged ferric phos- 
phate complex ion on the cation exchanger. 

Sulfate can be titrated with barium chloride (or, better, perchlorate) in 40% 
alcohol using an adsorption indicator such as Alizarin Red S or “Thorin.” 30 
Most cations interfere by coprecipitation, and the solution to be analyzed is there- 
fore first passed through a cation exchange resin in the hydrogen form. A vari- 
ant on this method uses lead nitrate as titrant and dithizone as indicator, again 
with preliminary ion exchange treatment. 37 

Many similar examples could be cited, but a noteworthy example of the pre- 
liminary removal of interfering cations before determining anions is in die photo- 
metric determination of S0 4 =, P0 4 - 3 , F~, and Cl~ by their reaction with spar- 
ingly soluble salts of chloranilic acid. 38 

Separations Through Complex Ions.— An effective way to separate metals is to 
combine ion exchange with complex ion formation. If conditions exist where one 
metal forms a cation in solution while another forms an anion, and the various 
equilibria are favorable, these metals can be separated by ion exchange, 
v Anion Exchange in Hydrochloric Acid.— The best way to do this is by anion 
exchange in hydrochloric acid solutions. Most metals form anionic chloride com- 
plexes, and between different metals there are wide differences in the stabilities 
of these complexes and their ease of attachment to anion exchange resins. The 
most stable complexes are absorbed by anion exchangers from dilute hydrochloric 
acid; the least stable complexes are absorbed from concentrated hydrochloric acid 
or not at all. By absorbing a group of metal ions from concentrated acid and 
eluting with successively more dilute acid it is possible to separate many metals. 30 - 40 

33 Whiteker, R. A., and Swift, E. H., Anal. Chem., 26, 1602, 1954. 

34 Helrich, K., and Rieman, W., Ill, Ind. Eng. Chem., Anal. Ed., 19, 651 1947. 

35 Odencrantz, J. T., and Rieman, W., Ill, Anal. Chem., 22, 1066, 1950 ’ 

30 Fritz, J. S., and Freeland, M. Q., Anal. Chem., 26, 1593, 1954 

37 White, D. C., Mikrochim. Acta, 1960, 282. 

1958 Bert ° ladni ’ R ‘ and Bame >’’ J- E - Anal - Chem - 29, 281, 1187, 1957; ibicl., 30, 202, 

Kraus, K. A., and Nelson, F., Proc. First United Nations Conference on Peaceful 
Uses of Atomic Energy, Vol. 7, p. 113, 1955; Chap. 23 in Hamer, W. T. (Ed \ The Smic 
true ot Electrolytic Solutions, John Wiley and Sons, Inc., New York 1959 

40 Jeutzsch, D„ Z. anal. Chem., 152, 134, 1956; 150, 241, 1956 and earlier papers 
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To illustrate the technique, cobalt, nickel, and iron, (II I) can be separated as 
follows. Prepare a solution containing 1 millimole each of FeCl 3 , CoCl 2 and NiCl, 
in 20 ml. 9 N HC1, and a resin column as illustrated in Fig. 10-3, containing 10 
to 12 ml. of type 1 quaternary amine resin, 100 to 200 mesh. It is very important 
that the resin be washed free of soluble organic impurities. Wash the column 
with 9 N HC1; then pour the solution to be analyzed on top of the column and 
let it flow in slowly. Nickel is not absorbed and soon appears in the effluent. 

Rinse with about 20 ml. 9 N HC1 to recover all 
the nickel, then change the receiver. 

Now pass 4 N HC1. This displaces the cobalt. 
The color of the effluent will show when this has 
been washed out. To displace the iron, pass 
0-1 N HC1. The metals in the effluents can 
be determined in various ways, titration with 
EDTA being one of the best. 

Kraus and Nelson 39 have expressed their data 
in the form of graphs of distribution coefficients 
against hydrochloric acid concentration for 
many elements. Examples of such curves are 
given in Fig. 10-2. It will be noted that there 
is an optimum chloride concentration for maxi- 
mum absorption. Raising tile chloride concen- 
tration stabilizes the complex ions at first but 
then competes with these ions for the exchange 
sites of the resin. 

The data may briefly be summarized as follows: 

Metals not absorbed: alkali and alkaline earth metals: Al, Y, rare earths, Ac; Th; 
Ni. 

Metals weakly absorbed (D < 10): Sc. Ti(IlI), V(1V), Cr(III), Mn, T1(I). 

Metals moderately absorbed (D < 100): Ti(IV), Fc(II), Co, Cu(Il), Gc, As, Se, Mo, 
Rh(IIl), In, W(VI), Ir(lII), Pb. 

Metals strongly absorbed (D > 100): V(V), Cr(VI), Fc(III). Cu(I), Zn, Ga, Zr, Ru, 
Rh(IV), Pd, Ag. Cd, Sn(IV), Sb, Te(IV), Re, Os, Ir(LV), Pt(lV), Au, Hg, 
Tl(Ul), Bi, Po, U(Vl). 

With the help of such data many useful separations have been worked out. For 
example, Ni, Cu, Zn and Cd in silver solder are separated by hydrochloric acid 
elution and titrated with EDTA, 41 small quantities of thorium are separated from 
uranium and much bismuth in analyzing nuclear fuels, 42 and a scheme for silicate 
rock analysis has been devised using anion and cation exchange resins. 48 The 
separations are clean and rapid, and are useful in separating small amounts of short- 
lived radioactive elements from cyclotron targets. 

^Anion Exchange in Presence of Other Ligands.— Anionic complexes of metals 
formed with other ligands can obviously be used for separations by anion ex- 
change. Fluoride complexes can be used, and anion exchange separations in 
mixed HC1-HF solutions have been explored; 44 these have advantages for elements 

41 Jones, S. L., Anal. Chim. Acta. 21, 532, 1959. 

43 Milner, G. \V. C. f and Nunn, J. H., Anal. Chim. Acta. 17, 494, 1957. 

43 Yoshimura, J., and Waki, H., Japan Analyst, 6, 362, 1957; Anal. Abstracts, 5, 1871, 

1958. 7 

44 Nelson, F., Rush, R. M„ and Kraus, K. A., J. Am. Cbem. Soc., 82, 339, 1960. 



Fic. 10-2. Adsorption of Metals as 
Chloiide Complexes by Type 1 
Strong Base Anion Exchanger. 
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of croups 4 and 5. The sulfate complex of uranium(VI) may be absorbed se- 
lectively by anion exchangers for analysis 39 - 45 just as it is in the refining of ura- 
nium ores, and the acetate complex has been used to concentrate traces of U(VI) 
for geochemical analysis. 46 Many similar applications could be cited. 

Cation Exchange.-lt is just as logical, a priori to use cation exchangers for 
separations based on differential complex formation as to use anion exchangers. 
Yet cation exchange is not as selective, and the separations are not as clean noi 
as versatile as those by anion exchange. An example of cation separation based 
on differential stability of chloride complexes is the successive elution of Fe(III), 
Zr and Th from a cation exchange resin column by 1 M HC1, 4 M HC1 and EDI A, 
respectively. 47 ’ 48 Citrate solutions have been used to elute metals selectively, 411 
and so have EDTA solutions of graded pH. 50 Both citrate and EDTA eluants 
have the disadvantage that, before die metal that has been removed from the 
column can be analytically determined, the excess of organic compound must be 
destroyed. Hydrochloric acid solutions, on the other hand, can simply be evapo- 
rated if the excess of acid interferes in the analysis. 

Elution Chromatography.— Two ionic species having charges of the same sign 
can be separated by ion exchange if one is more strongly bound by the exchanger 
than the other. Two factors enter here: the selectivity of the exchanger itself and 
the various ionic equilibria in the solution. The separations discussed in the last 
section were examples of elution chromatography; complexing agents are often 
used as eluants. 

Gin the elution technique a small amount of the mixture to be separated is ab- 
sorbed at the top of an ion exchange column. An eluting solution is then passed 
which displaces the ions down the column at differing speeds. Eacli species moves 
down the column as a gradually broadening band, and, if the column is long 
enough, the bands become separated so that each species emerges in practically 
pure form, except, of course, for the accompanying eluant. To obtain separate 
bands it is necessary for the eluting ions to be less strongly bound than the ions 
being displaced; i.e., D>>>1 (see p. 235). \ ^ 

The solution leaving the column is generally collected in many successive small 
fractions by means 'of an automatic fraction collector (Fig! 10-3). Each isTheiraha- 
lyzed, and the concentrations of the eluted species are plotted. against the volume 
to give graphs such as the one shown in Fig. J 0-4. In die ideal case of a perfectly 
packed column, infinitesimal amounts' of eluted' ions and complete attainment of 
equilibrium within each “theoretical plate,” the graphs would be symmetrical and 
follow the Gauss error function. In actual practice they are liable to be lopsided 
and show “tai ling," especially if the amount of . material is not small compared to 
die capacity of die column. “Tailing” can be reduced by increasing the displac- 
ing power of the e^ by raising its concentration or changing its 

pH, after the peak of the, band is passed. In_ “gradien t elu don” the eluant com- 
position is changed continuously as the run proceeds, giving better spacing of the 
bancU and naiTmver and . more uniform bands. The gradien t technique lias been 


15 Fisher, S., and Kunin, R., Anal. Cheni., 29, -100, 1957. 

Hecht, 1., Korkisch, J., Patzak, R., and Thiard, A., Mikrochim. Acta 1956 d iors 
4 ’ S tie low, F. \V. E„ Anal. Chem., 31, 1201, 1959; ibid., 32, 363 1185 I960 P ‘ 1 *' 83 ' 

4s Samedy, S. R., Thesis, University of Colorado, 1958. 
tn^ r 3 wu i T - an d Rieman, \V., Ill, J. Am. Chem. Soc., 74, ]978 lotio 
1’utz, J. S., and Umbreit, G. R., Anal. Chiin. Acta, 19, 509, 1958.' 
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applied to separation of the amino acids 51 - 5 - ami !4 ie n're eartli elements.' 13 - ^ 
: *"The~sebafati6'ri of the rare eartlfs by ion exchange elution is one of the major 
triumphs of inorganic chemistry in recent years. 55 Citrate, lactate, or EDIA solu- 
tions are used for elution, and the process is really one of differential complex 
formation inasmuch as the resin has little selectivity in itself. Other examples of 
ion exchange elution chromatography in inorganic chemistry are the separation 
of the alkali and alkaline earth metals and the halide ions. 50 These do not in- 
volve complex ion formation. For the separation of potassium, rubidium, and 
cesium or of calcium, strontium, barium, and radium from one another, ion ex- 
change is by far the most useful method, and the most selective exchangers are 
inorganic ones; zirconium phosphate exchanger, -with ammonium chloride as the 
eluant, is excellent for separating the alkali metals, whereas zirconium molybdate 



Fig. 10-1. Idealized Elution Curve for Separation of Two Components. 


is excellent for separating tire alkaline earth ions. 57 The method is applicable to 
short-lived radioactive isotopes. 58 

Because the binding to an exchanger is stronger, the higher the charge on the 
ions, it is easy to separate the alkali metals as a group from the alkaline earth 
metals. 57 In silicate rock analysis the metals sodium and potassium are easily sepa- 
rated from other constituents and from each other. 59 Separations of groups of cat- 
ions based on their charge have been proposed, 00 and special applications suggest 
themselves, such as the separation of orthophosphate, pyrophosphate, and con- 
densed phosphate ions by anion exchange. 01 

The major analytical use of ion exchange elution chromatography is in the bio- 
chemical field. Amino acid mixtures are routinely analyzed by elution from cat- 
ion exchange resin columns, and standardized, automatic equipment for the pur- 


51 Aim, R., Williams, R. J. P., and Tirelius, A., Acta Chem. Scand., 6, 826, 1952. 

59 Williams, R. J. P., Analyst, 77, 905, 1952. 

53 Freiling, E. C., J. Am. Chem. Soc.. 77, 2067, 1955. 

51 Nervik, W„ J. Phys. Chem., 59, 690, 1955. 

•"'SchuheU, J., Chap. 8 in F. C. Nachod (Ed.), Ion Exchange, Academic Press, New 


a|*De Geiso, R; C., Rieman, W., Ill, and Lindenbaum, S., Anal. Chem., 26, 18-10 195-1. 
01 Kraus, K. A., Phillips, H. O., Carlson, T. A., and Johnson, J. S., Proc. Second United 
ibid° n p n nfeie,1Ce ° n Peaceful Uses of Atomic Energy, Vol. 28, p. 3, 1958; Amphlett, C. B„ 

A n a 1 C Abst ra c ts , 5 , J ‘ A " a " d WiUis * H ‘ H ’’ AERE Re P olt C / R 2325 > ^7; 

59 Reichen, L. E., Anal. Chem., 30, 1948, 195S. 

00 Fritz J. S., and Karraker, S. K., Anal. Chem., 31, 921, 1959. 

Lindenbaum, S., Peters, T. V., and Rieman, \V„ III, Anal. Chim. Acta, 11, 530, 1954 
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pose is now available. The techniques have been developed by Moore and Stein 02 
and Hamilton and Anderson. 63 Columns about 100 cm. long, containing some 
150 milliequivalents of resin, will separate some 75 micromoles of a mixture of 
25 amino acids, and up to 50 components can be separated if necessary. The 
columns are water-jacketed for temperature control; the temperature is about 
50*C. and is raised in stages during the elution. The resin is a sulfonated poly- 
styrene of particle diameter about 40 microns, and the more uniform the par- 
ticles, the sharper are the bands and the faster the permissible flow rate. 61 The 
eluant is a citrate buffer whose pH is raised in steps during the elution from about 
3.0 to 5.0. 

Peptides,'* 8 nucleic acid derivatives, 00 fruit acids 67 and even carbohydrates 68 
can be separated by ion exchange chromatography. Carbohydrates may be sep- 
arated by forming their negatively charged borate complexes and separating these 
on an anion exchanger. Even uncharged species, however, can be separated on 
columns of ion exchange resins, since attractive forces operate in addition to the 
purely electrostatic forces. 69 Some of the separations of organic compounds that 
have been performed by ion exchange arc better made by vapor phase chromatog- 
raphy, but, in general, ion exchange and vapor phase chromatography complement 
one anodier. It is precisely those compounds that do not respond to vapor phase 
chromatography that are best suited to ion exchange separation. 

« Stein, W. *H., and Moore, S., Cold Spiing Harljor Symposia Quant. Biol., 14, 179, 
1949, Moore, S., and Stem, \V. H., J. Biol. Chem., 192, 663, 1951; Moovc, S„ and Stem, 
W. H., ibid., 211, 893, 907, 1954 Sec also chapter by P. B. Hamilton, in Cahnon, C., 
and Kresslnan, T R. E. (Eds.), Ion Exchangers in Oiganic and Biochcmistiy, Intei science 
Publisher!, Inc., New 3 oik, 1957. 

03 Hamilton, P II, and Andeison, R. A, Anal. Chem., 31, 1504, 1959. 

66 Hamilton, P B., Anal Chem., 30, 914, 1958. 

66 Schrceder, W A., in Calmon, C., and Kressman, T. R. E. (Eds.), Ion Exchangers in 
Organic and Biochenmin, Interscicnce Publishers, Inc., New York, 1937. 

66 Cohn, W. E, J Am Chem Soc., 72, 1471. 2811, 1950, also sec Calmon, C, and 
Kressman, T. R. E. (Eds), Ion Exchangers in Organic and Biochemistry, Intcrscience 
Publishers, Inc, New \ork, 1957. 

87 Schlenker, H H, and Ricman, W., III. Anal. Chem., 25, 1637, 1953. 
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1. Gelatinous precipitates cannot be filtered. 

2. Precipitates that cannot easily be dissolved out of the crucible sometimes can- 
not be filtered advantageously. 

3. The crucibles, m the case of sintered glass crucibles, cannot be used at the 
elevated temperatures required for the ignition. 

4. If the ignited residue required further treatment with a liquid reagent, a filter 
crucible may not be suitable. 

For most filterable analytical precipitates, the use of filter crucibles, whether of 
sintered glass or sintered porcelain, is to be preferred over that of filter paper. For 
low-temperature application (under 400*0.), the sintered glass crucibles may be 
employed; for temperatures up to 1000*C„ the sintered porcelain crucibles may be 
safely used. Gooch crucibles, owing to the difficulty in preparing the asbestos filter 
mat and drying to constant weight, are less preferred than the filter crucibles. How- 
ever, for some determinations, they are perfectly satisfactory. 

The precipitate and supernatant liquid are transferred to either a filter paper 
or filter crucible. This is done by first carefully decanting the supernatant liquid, 
taking care not to disturb the precipitate at the bottom of the beaker. The pre- 
cipitate can then be washed, using a suitable wash liquid, by decantation, or 
transferred to die filtering device using as transfer aids a rubber policeman and a 
stream of wash liquid from a wash bottle. The nature of die precipitate determines 
whether or not it can be washed by decantation. Little advantage is obtained if 
the precipitate is composed of large crystalline particles. However, gelatinous pre- 
cipitates which are difficult to filter may sometimes be washed free from soluble 
salts by this method. Of course the final washing is to be carried out on the filter. 

The Wash Liquid .— The choice of wash liquid employed depends upon the 
nature of the precipitate. Such factors as the solubility of the precipitate in 
water, the solubility of the contaminating substance in water, the peptizability of 
the precipitate, and so on, will determine the composition of the wash liquid to 
be used. 

If the precipitate is slightly soluble in water— and all are to a certain extent— a 
wash liquid should be employed which contains a cation or anion in common with 
the precipitate; i.e., the common-ion effect. Preferably, die substance added to 
the wash liquid should be ammonia, an ammonium salt, or an acid, because traces 
of these compounds remaining on die precipitate are easily volatilized during the 
ignition process and hence do not contaminate the final weighing form of the 
precipitate. An example of the use of such compounds in the wash liquids is 
dilute ammonium oxalate in the washing of calcium oxalate. Other examples, not 
employing the common-ion effect but necessary because the precipitates are too 
soluble to be washed in water or are easily hydrolyzed, are the use of dilute nitric 
acid to wash the silver halides and dilute ammonia to wash magnesium ammonium 
phosphate. 

For precipitates containing a water-insoluble contaminate, such as an organic 
chelating agent used to precipitate an insoluble metal chelate, organic solvents 
may be employed. Such solvents as alcohol, acetone, ether, and odiers, arc em- 
ployed either as the pure solvent or mixed with water. In some cases, an acid is 
also added to the organic solvent-water mixture. 

Perhaps the most difficult precipitates to wash are those that are gelatinous or 
are easily peptized. The wash liquid for these precipitates should contain an elec- 
trolyte, preferably an easily volatilized compound, such as ammonia, an ammo- 
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nium salt or an acid. The type of electrolyte employed is immaterial as long 
as it does not alter the nature of the precipitate, either during the washing 01 c ry- 
ino- process. Hydrous iron(III) oxide should be washed with an ammonium nitrate 
sohuion rather rfian ammonium chloride because the latter compound would form 
slightly volatile iron(III) chloride during die ignition process. Nonvolatile elec- 
trolytes would be unsuitable. , , , r , , „ „ 

Whenever possible, the wash liquid should be used hot because of the decrease 
in viscosity of liquids at elevated temperatures resulting in more rapid filtration 
and also the increased solubility of the contaminants in hot solutions. However, 
inasmuch as the solubility of the precipitate also increases in hot solutions, cold 
wash liquids may have to be employed. 

Several small portions of a wash liquid are better than a large one of the same 
volume. This is shown by the distribution law where the weight (in grams) of 
foreign substance in the solution adhering to the precipitate after washing, W n , is 
equal to: 2 




where v is the volume (in milliliters) of liquid remaining with the precipitate after 
draining; V is the volume of wash liquid added each time; C U) is the concentration 
(in grams per milliliter) of soluble substances in the original solution; and n is the 
number of washings. The above expression was derived on the assumption that the 
foreign compound was simply mechanically associated with the precipitate. This 
is not always the case because of adsorption on the precipitate or isolation of the 
contaminant into the interior of the precipitate where it is not in contact with the 
wash liquid. As a general rule, six to ten washings are sufficient for most precipi- 
tates. If possible, the filtrate should be tested for the foreign substance after the 
last washing to determine if it is completely removed. 


DRYING AND IGNITION OF PRECIPITATES 

To be useful for the analytical procedure, the precipitate, after proper washing 
should be converted into a suitable weighing form either by drying or ignition 
at elevated temperatures. The temperature limits for these processed will depend 
largely on the nature of the precipitate. Some precipitates, such as the aluminum 
8-quinolinol chelate, may be eidier weighed after drying at 100° to 110°C, 3 or ig- 
nited to aluminum oxide at 1000°C.< Still other precipitates, such as calcium 
oxalate, may be ignited and weighed either as calcium carbonate or as calcium ox 
ule; die choice is up to the analyst. Some precipitates are of a nonstoichiometric 
composition and must be converted to a stoichiometric compound by ignition 
The drying temperatures may vary from room temperature in a vacuum desiccator’ 
such as is described for calcium picrolonate, 5 up to 200° to 300°C lorminn’ 
temperatures up to 1200°C. or higher may be required for certain precipiLes 
2 Ibid., p. 255. 

P .» tod - R ' “■> its n«m„ s , London, Vol. I, 

pVcTim" " ,0 ' 8aniC Alwl > sis - El-vior Publishing Co., Amsterdam 

s Ibid., p. 159. 
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Methods of Heating.— It a choice is possible, drying in an electric oven contain- 
ing a thermostat to maintain a constant temperature, or ignition in an electric 
muffle furnace, also thermostatically controlled, is preferred over that of open- 
burner flames or gas-heated equipment. The uncertainty in the temperatures 
attained as well as the lack of temperature control using gas flames is adequate 
reason to prefer electrical devices. If gas flames are to be used, the approximate 
temperatures attained by them are as follows: 8 


Burner “ 

Crucible 

Tempera- 
ture, °C. 

Bunsen 

Covered platinum 

900-1050 

Tirrill 

Covered platinum 

1050-1150 

Meker 

Covered platinum 

1150-1250 

Blast 

Covered platinum 

1100-1300 

Tirrill 

Covered porcelain in radiator 

700 

Meker 

Covered porcelain in radiator 

725-800 

Blast 

Covered porcelain in radiator 

900 


° Based on temperatures which were obtained with carbureted water gas having a heating 
value of 600 Btu per cu. ft. 

As can be seen, the use of platinum crucibles for high-temperature flame igni- 
tions is to be preferred over those made from porcelain, because of the higher tem- 
peratures attainable. However, this is not the case when they are used in an 
electric muffle furnace. It might be advantageous in the case of the latter to use 
porcelain crucibles for the ignition process because of the attack of platinum by 
various substances. It should also be emphasized that there is an appreciable loss 
in weight of platinum crucibles when heated for long periods above 1000°C. If 
used under these conditions, the weight change of an identical empty crucible 
should be determined under the conditions of the ignition. 

It is permissible to ignite precipitates in filter paper provided that certain pre- 
cautions are followed. Precipitates Uiat arc reduced by charred paper, such as 
lead sulfate to lead sulfide, and certain arsenates to volatile arsenic, should pref- 
erably be ignited in sintered porcelain crucibles. In some cases, however, the 
reduced part of the precipitate is oxidized back to its initial state by further heat- 
ing at elevated temperatures in the presence of an air or oxygen atmosphere. 

To ignite a precipitate contained on a paper filter, the paper and its contents are 
removed from the funnel, folded, and placed into die crucible. It is not recom- 
mended that the filter paper and contents be first dried in an electric oven at 
100°C. before ignition because of the danger of precipitate loss when the dried 
paper is folded and placed into the crucible. However, this may be necessary in 
the case of certain hydrous oxides that contain large amounts of water. The cru- 
cible is dien set in a vertical position on a triangle on a ring stand and heated with 
a burner using a small flame. The crucible should be loosely covered, care being 
taken that the contents do not spatter. After all of die moisture has been removed, 
the burner flame is increased to carbonize the paper. By no means should the 
paper be allowed to burst into flame. After the paper has been completely 

6 Hillebrand, W. F., Lundell, G. E. F , Bright, H. A-, and Hoffman, J. I., Applied In- 
organic Analysis, John Wiley and Sons, New York, p. 107, 1953. 
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charred tire crucible is placed at a 45° angle to the triangle, the cover positioned 
fo drat the contents have access to air, and the crucible heated to red-heat to burn 
off the carbon. The crucible is then placed m a vertical position, covered, and 
io-nited to dre desired temperature for about 30 minutes. The exact final lgiu ion 
period will depend on the character of the percipitate. It should be remembered 
that the atmosphere inside the crucible is not necessarily air but a mixture of mtro- 
o-en, water vapor, and combustion products. These gases limit the oxidation 
processes as well as elevate the dehydration and decomposition temperatures of cer- 
tain hydrates and metal carbonates. Thus, longer ignition periods are generally 
preferred. The flame should not completely envelope the crucible, especially 
when readily reducible substances such as tin oxide are present. After the crucible 
has been ignited, it is allowed to cool slightly (to below red-heat) and then placed 
in a desiccator, over a suitable desiccant, to cool to room temperature. Geneially, 
a cooling period of 30 minutes is satisfactory, although in cases where the residue 
is hygroscopic, a shorter period is more desirable. 

A similar ignition process may be followed if an electric muffle furnace is to be 
used. After the carbon is burned off, the coveied crucible is placed into a furnace 
and ignited to the desired ignition temperature. 

If sintered procelain crucibles are employed, the precipitates may be dried or ig- 
nited to any temperature up to about 1200°C. If the precipitate contains organic 
matter, and is to be ignited to a fairly high temperature, the crucible and con- 
tents should first be pre-ignited with a small burner flame to carbonize the con- 
tents. It is then ignited to the desired temperature as given above. 

The drying and ignition temperatures of a precipitate are vitally important. 
The commonly used expression “ignite at red-heat" is inadequate in view of the 
advent of the modern automatic recording thermobalance, which can be used to 
define precisely the thermal stability of a precipitate. Indeed, any new analytical 
precipitate should be subjected to thermogravimetric examination to establish its 
diermal stability in regard to drying and ignition temperatures. Thermogravi- 
metric examination may also reveal the presence of suitable intermediate weighing 
forms which would not be observable under normal procedures. In other cases, 
slight changes in the composition of a precipitate’s weighing form are dependent 
on the temperature; hence, precise temperature control is required to obtain the 
required weighing form stoichiometry. 

Thermal Stability of Precipitates . — The thermal stability of approximately 1000 
well-known precipitates has been determined by Duval and co-workers' and 
others. 8 Some precaution should be exercised concerning the temperature limits 
since these were determined under nonequilibrium conditions and are dependent 
on the furnace heating rate, sample size, sample particle size, furnace atmosphere 
etc.» The precipitate should not be dried or ignited at the extreme end of the 

thermal stability plateau but a temperature somewhere near the center of the 
plateau should be used. 

The thermal stability of a number of precipitates are given in Table 11-1 
p.im 1953°" In0rS '™ iC Analysis, Elsevier Publishing Co., Amsterdam, 

58, 408,'l959 Ana1 ' Chem ” 27 ’ 12 "’ I955: 38 > 1001, 1956; 29, SOO, 1957; 30, 

9 Newkirk, A. E„ Anal. Chem., 32, 1558, 1960. 
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Table 11-1. The Thermal Stability of Certain Analytical Precipitates 8 


Element 

Precipitated by 

Composition of 
Weighing Form 

Thermal 
Stability 
Range, °C. 


Electrolysis 

Ag 

<950 


HC1 

AgCl 

70-600 


HBr 

AgBr 

70-946 


K 2 Cr0 4 

Ag 2 Cr0 4 

92-812 

A1 

Gaseous NHj 

AI 2 O 3 

>475 


8 -Quinolinol 

Al(C 9 H 6 NO ) 3 

102-220 


Bromine 

A1 2 C>3 

>280 


Na 2 HP0 4 

aipo 4 

>743 

As 

H 2 S 

As 2 S 3 

200-275 


Ca++ 

CajAssOr 

350-946 


Pb i " h 

PbHAs0 4 

81-269 

Au 

Pyrogallol 

Au 

20-957 


j Thiophenol 

C 6 H 6 SAu 

<157 


Thiophenol 

Au 

187-972 

B 

Boric acid 

B 2 O 3 

443-946 


K + 

kbf 4 

50-410 


1 Nitron 

c 20 h I 6 n 4 hbf 4 

50-197 

Ba 

h 2 so 4 

BaS0 4 

780-1100 


(NH,)iCOs 

BaO 

400-813 


K 2 Cr0 4 

BaCr0 4 

<60 

Be 

Aqueous NH 3 

BeO 

>900 


h 2 so 4 

BeS0 4 

346-679 


Na 2 HP0 4 

iJe 2 P 2 07 

640-951 

Bi 

Formaldehyde 

Bi 

73-150 


(NHJjHPO, 

B 1 PO 4 

379-961 


HaAs 0 4 

BiAs0 4 

47-400 

Br 

Ag+ 

AgBr 

70-946 

C 

Ag+ 

AgCN 

93-237 


Cu++ 

Cu 2 (SCN ) 2 

103-298 


Ag+ 

Agi[Fe(CN)e] 

60-229 

Ca 

h 2 c 2 o 4 

CaC 2 0 4 

226-398 


h 2 c 2 o 4 

CaC0 3 

478-635 


h 2 c 2 o 4 

CaO 

838-1025 


h 2 so 4 

CaS0 4 

105-890 


Iodic acid 

Ca(IOj)s 

106-540 


Na 2 HAsQ 4 

Ca 2 As 2 07 

350-946 
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Table 11-1. ( Continued ) 


Element 

Precipitated by 

Composition of 
Weighing Form 

Thermal 
Stability 
Range, °C. 

Cd 

KOH 

CdO 

371-880 


PI 2 S 

CdS 

218-420 


8 -Quinolinol 

Cd(C 9 H c NO ) 2 

280-384 

Ce 

H 0 C 0 O 4 

Ce0 2 

>360 

Cl 

Ag + 

AgCl 

70-600 

Co 

Electrolysis 

Co 

50-1 93 


(NH 4 ) 2 HP0 4 

Co 2 P *^07 

636-946 


8 -Quinolinol 

Co(C 9 HgNO ) 2 

115-^95 


KoC 2 U 4 

Co 3 0 4 

285-946 

Cr 

Aqueous NH 3 

Cr 2 0 3 

819-944 


AgNO.t 

Ag 2 Cr0 4 

92-81? 


8 -Quinolinol 

Cr(C 9 H 6 NO ) 3 

70-156 

Cs 

HC1 

HCIO 4 

1 Sodium tetraphenylboron 

CsCl 

CsC10 4 
! Cs[B(C g H 5 ) 4 ] 

110-877 

42-543 

<210 

Cu 

Electrolysis 

h 2 c 2 o 4 

8 -Quinolinol 

Salicylaldoxime 

Thionalide 

Anthranilic acid 

Cu 

CuC 2 0 4 

Cu(C 9 HgNO)o 

Cu(C 7 H 6 NO-.)o 

Cu(Ci 2 H 10 ONS)o 

Cu(NH 2 C 6 H 4 Cd 2 ) 2 

<67 

100-270 

66-269 

<150 

148-167 

<225 

Dy 

h 2 c 2 o 4 

Dy 2 0 3 

>745 

Er 

h 2 c 2 o 4 

Er 2 0 3 

>720 

Eu 

h 2 c 2 o 4 

Eu 2 0 3 

>620 

F 

CaCF 

PbClo 

BaClo 

CaF, 

PbClF 

BaSiFg 

400-950 

66-538 

100-345 

Fe 

Aqueous NH 3 



Ga 

Cupferron 

8 -Quinolinol 

Fe[C 6 H 5 (NO)o ] 3 

Fe(C 9 H 6 NO ) 3 

470-946 

<98 

<284 

Aqueous NH 3 



5,7-Dib r omo-8-quinolinol 

LiUpferron 

Ga(C 9 H 4 NOBr 2 ) 3 

Gao 0 3 

408-946 

100-224 

Gd 

h 2 c 2 o 4 

GdoQ 3 

>745 




>700 

' L 
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Table 11-1. ( Continued ) 


Element 

Precipitated by 

Composition of 
Weighing Form 

Thermal 
Stability 
Range, °G. 

Ge 

(NH,),S 

GeOz 

410-946 


Tannin 

Ge0 2 

900-950 


Molybdic acid and 8 -quin- 
olinol 

(C 9 H 6 NOH) 4 - 

(Ge0 2 -12Mo0 3 ) 

50-115 

Hf 

Aqueous NH 3 

HfO z 

350-660 


Mandelic add 

Hf(C 6 H 5 CH 2 0C0 2 )4 

90-260 

Hg 

Electrolysis 

Hg 

<70 

(NH,)iS 

HgS 

<109 


K 2 GrO« 

Hg 2 CrC >4 

52-256 


Na 2 HAs0 4 

Hgj(As04 ) 2 

45-418 


Thionalide 

Hg(C,:H 1 D ONS )2 

90-169 

Ho 

H 2 C 2 O 4 

HO 2 O 3 

>735 

I 

AgNO, 

AglO, 

80-410 


AgNOj 

Agl 

60-900 

In 

Aqueous NH 3 

ln 2 0 3 

345-880 


8 -Quinolinol 

In(C 9 H 6 NO ) 3 

100-285 


HaS 

InjS] 

94-221 

Ir 

2-Mercaptobenzothiazole 

Ir 

520-980 

K 

HC 1 

KC1 

219-813 


HCIO 4 

KCIO 4 

73-653 


Dipicrylamine 

KC, 2 H40, 2 N7 

50-220 


Sodium (etrapnenyifaoron 

K(B(C,H S ;,( 

<265 

La 

H 2 C 2 O 4 

La 2 03 

>800 

Lu 

h 2 c 2 o 4 

LU 2 O 3 

>715 

Mg 

NaOH 

MgO 

>800 


nh 4 f 

MgF 2 

411-816 


H 2 C 204 

MgC 2 04 

233-397 


8 -Quinolinol 

Mg(C 9 H 6 NO ) 2 

88-300 

Mn 

KOH 

Mnj0 4 

>946 


K. 2 C 2 O 4 

MnC 2 0 4 

100-214 


K 2 C 2 O 4 

Mns 0 4 

670-943 


8 -Quinolinol 

Mn(C 9 HfiNO ) 2 

117-250 

Mo 

Aqueous NH 3 

M 0 O 3 

344-782 


H 2 S 

M 0 O 3 

485-780 


8 -Quinolinol 

Mo0 2 (C 9 H6NO ) 2 

40-270 
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Sodium tetraphenylboron 
Chloroplatinic acid 

HCIO4 

Zn(C 2 H 3 0 2 ) 2 and 
U0 2 (C 2 H 3 0 2 ) 2 


Cupferron 

8-Quinolinol 

h 2 c 2 o 4 

Electrolysis 

NaOH 

H..C2O4 

8-Quinolinol 

Dimethylglyoxime 

(NH 4 ) 2 Mo 0 4 

8-Quinolinol 

HC1 

H 2 S0 4 

(nh 4 ) 2 hpo 4 

Thionalide 

Salicylaldoxime 

Ethylene 

Dimethylglyoxime 

o-Phenanthroline 

h 2 c 2 o 4 

nh 4 gi 

HGIO4 

Chloroplatinic acid 
Sodium tetraphenylboron 

Nitron 

AgN0 3 
Benzidine 


Composition of 
Weighing Form 


C 20 H 16 N 4 HNO 3 

NH 4 [B(C 6 H 5 )4] 

(NHi) 2 [PtClfl] 

NaC104 

}Na 2 U 2 07*ZnU 2 07 


Nb 2 O s 

Nb 2 O a 

Nd 2 O s 

Ni 

NiO 

NiO 

Ni(C 9 H 6 NO). 

NiC s Hj40jN4 

(NH 4 ) 2 H- 
[P(Mo 3 Oio) 4 ] • H 2 0 
(C 9 H 7 NO) 3 H 3 (PMo 12 04o) 

PbClo 
PbS0 4 
Pb 2 P 2 0 7 
! Pb(C 12 H I0 NS).. 
Pb(C 7 H5N0 2 ) 2 

Pd 

Pd(C 4 H70oNo), 

PdCl 2 .C 12 H s No 


(NH4) 2 [PtCI 6 ] 

RbCI0 4 

Rb 2 [PtCl 6 ] 

Rb[B(C 6 H 5 )4] 

C 2 oHi6N 4 HRe04 

Ag 2 S 

Ci 2 H 12 N 2 -H 2 S0 4 


Thermal 
Stability 
Range, °G. 


' 20-242 
<130 
<181 

130-471 

360-674 


650-950 

649-800 

>735 

<93 

250-815 

633-845 

100-232 

79-172 

160-415 

85-285 

53-528 

271-959 

358-880 

71-134 

45-180 

<384 

45-171 

50-389 

>790 

<181 

101-343 

70-674 

<240 

91-288 

69-615 

72-130 


176-275 
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Table 11-1. ( Continued ) 


Element 

Precipitated by 

Composition of 
Weighing Form 

Thermal 
Stability 
Range, °C. 

Sc 

8 -Qumolinol 

Sc(C fl H 6 NO) 3 -Cc l H 6 NOH 

<125 


Aqueous NHj 

Sc 2 O a 

542-946 


h 2 c 2 o 4 

Sc 2 0 3 

>635 

Se 

SO a 

Sc 

<370 

Pb(NO,)j 

PbSc0 4 

<330 

Si 

HC1 

SiOi ! 

358-946 


KF 

K 2 SiF 6 

60-410 


Pyramidone + molybdic 
acid 

Si0 2 -12Mo0 3 

399-787 

Sm 

h 2 c 2 o 4 

Sm 2 0 3 

>735 

Sn 

Aqueous NH 3 

Sn0 2 

>834 


Cupferron 

Sn0 2 

>747 

Sr 

* H 2 SO< 

SrS0 4 

100-300 


i Iodic acid 

Sr(IOj), 

157-600 


K 2 C 2 0 4 

SrC 2 0 4 

177-400 

Ta 

Tartaric acid 

Ta 2 Os 

>894 


Cupferron 

Ta 2 Os 

>1000 

Tb 

h 2 c 2 o 4 

Tb 4 0 7 

>725 

Te 

n 2 h 4 

Tc 

<40 

Th 

Gaseous NH 3 

Th0 2 

472-945 


8 -Quinohnol 

Th(C 9 H 6 NO)4-C 9 H 6 NOH 

<80 


H 2 C 2 04 

Th0 2 

610-946 

Ti 

Aqueous NH 3 

TiOa 

350-946 


5,7-Dichloro-8-quinolinol 

TiO(C 9 H 4 NOCI 2 ) 2 

105-195 

T1 

HC1 

T1C1 

56-425 


K 2 Cr0 4 

TlCr0 4 

97-745 


Tetraphenylarsonium chlo- 
ride 

(C 6 H 5 ) 4 AsTlCi 4 

50-218 

Tm 

H 2 C 2 0 4 

Tm 2 0 3 

>730 

U 

Aqueous NH 3 

UO 3 

480-610 


8 -QuinolinoI 

U0 5 (C 9 H6N0) 2 -C 3 H 6 - 

NOH 

<150 


| H 2 C 2 (j 4 

u 3 o 8 

700-946 
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Table 11-1 

. (Continued) 


Element 

Precipitated by 

Composition of 
Weighing Form 

Thermal 
Stability 
Range, °C. 

V 

Aqueous NH 3 

V0O5 

448-951 


Cupferron 

v,o 5 

581-946 

W 

8 -Quinolinol 

WO3 

>674 


Acridine 

W0 3 

>812 


Pb++ 

PbW0 4 

>100 

y 

H 2 C 2 0 4 

Y2O3 

>735 

Yb 

h 2 c 2 o 4 

Yb 2 O s 

>730 

Zn 

Electrolysis 

Zn 

<54 


Aqueous NH 3 

ZnO 

>1000 


(nh 4 ) 2 hpo 4 

ZnoP.,07 

610-946 


8 -Quinolinol 

Zn(C 9 H e NO ) 2 

127-284 

Zr 

Aqueous NH 3 

ZrO, 

400-1000 


/>-Bromomandelic acid 

Zr(BrC 8 H 6 0 3 )4 

<150 


Mandelic acid 

Zr(C 8 H 7 0 3 ) 4 

60-188 
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TITRATION METHODS 
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FUNDAMENTAL CONSIDERATIONS 1 

Requirements .— For application of a titrimetric method, the chemical process 
involved should consist of a single, rapid stoichiometric reaction between the sub- 
stance titrated and the standard solution used as the titrant. The end point is 
detected by an indicator which shows a marked change in some property (color, 
potential of an electrode system, etc.) of the titration system; this change should 
coincide with the stoichiometric point of the titration reaction. 

Primary Standards.— A primary standard should be a pure substance (assay usu- 
ally 99.95 to 100 05%) or one of known purity with respect to the active component; 
it should be stable in storage, at oven temperatures for drying, and during weigh- 
ing. A high equivalent weight is desirable to minimize weighing errors. Several 
primary standards are available from the National Bureau of Standards and from 
chemical supply houses. Several substances of analytical reagent grade are suffi- 
ciently pure to serve as primary standards for ordinary woik, or they may be made 
so by recrystalhzation. 

Standard Solutions .— Some standard solutions may be prepared directly from a 
primary standard by diluting an accurately weighed amount of the solute to a 
known volume. Many of the solutes required in titration methods are not avail- 
able as primary standards; for this reason, or for reasons of economy, many titrants 
are made to the approximate concentration desired, using rough weight and volume 
measurements, the solution is then standardized by titrating accurately weighed 
samples of a suitable primary standard. A solution of exactly predetermined nor- 
mality, e.g., 0.1000 N, or an exact titer in terms of a certain desired constituent, 
e.g., silver nitrate having a chloride titer of 0.0050 g. per ml., is most easily pre- 
pared by the direct method, if the appropriate primary standard is available. Al- 
ternatively, an approximate solution may be prepared of slightly higher titan the 
desired concentration, after standardization the solution may be diluted volumet- 
rically to the desired normality or titer. Some laboratories choose the concentration 
of the titrant so that each milliliter represents a convenient integral per cent of 
desired constituent when a certain sample weight is taken. 

End-Point Detection.— End-point detection by various "instrumental” methods 
(potentiometric, conductometric, etc.) is beyond the scope of this treatment; only 

1 Tor a discussion of theoretical fundamentals, consult KolthofF, I. M., and Stenger, 
W A , Volumetric Analysis, Vol. I, Interscience Publishers, Inc., New York, 1912. 
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the visual methods will be treated. Owing to the variety of types of titrimetric 
methods and indicator actions, the subject of indicator action will be tieated in 
conjunction with the types of methods or with specific determinations. 

In titrimetric analysis the sample (primary standard, or sample for analysis) 
should be large enough that weighing errors are not significant, but not so large as 
to require refilling of the buret. Also, the volume of titrant solution used should 
be large enough that volumetric errors are not significant; when a 50-ml. buret is 
used, about 40 ml. or more would be required to keep the volumetric eirors within 
0.1% or one part per thousand. Because a finite amount of titrant is reqviired to 
g ive° the indicator action, and because the indicator change may not occur exactly 
at the stoichiometric point, a blank should be determined and subtracted from the 
volume of solution used in the titration; however, if the titrant has been standard- 
ized by the same reaction as is involved in the analysis at hand, the indicator error 
largely cancels out and no blank correction is necessary. 

Calculations .—' The calculations of titrimetric analysis are usually based on nor- 
mality and equivalent weight, or on titer. A one normal (1 N) solution contains 
one gram equivalent weight of solute, for a given type of reaction, per liter of solu- 
tion. When a series of reactions is involved in an analysis, the equivalent weight of 
die desired constituent is based upon the reaction in which the standard solution 
is used. The titer of a solution is the weight of substance contained in, or of another 
substance that can be titrated by, 1.00 ml. of a given standard solution. When 
many similar analyses are to be performed, “factor-volume" samples and solutions 
are often used, so that there is a simple integral relation between volume of stand- 
ard solution used and per cent of desired constituent. An excellent treatment of 
titrimetric calculations is given by Hamilton and Simpson. 2 

Types of Reaction and Equivalency.— The equivalent weight of a substance is 
that weight of substance which, in the reaction that occurs, furnishes, reacts with, 
or is chemically equivalent to one gram-atom of: 

a. Hydrogen ions or protons (neutralization methods); 

b. Univalent cation in a precipitate, weak ionogen, or complex formed (pre- 
cipitation and complexation methods). 

c. Electrons transferred (oxidation-reduction methods). 


NEUTRALIZATION METHODS (ACIDIMETRY, ALKALIMETRY) 3 

INDICATORS 4 

Selection and Use of an lndicator.-ln acid-base titrations the solution undergoes 
a rapid change of hydrogen ion concentration or pH (pH = -logfH+1) around 
the equivalence point; this point is ascertained by means of an indicator Indi- 
cators are weakly ionized organic acids or bases that show markedly different colors 
m the ionized and nomonized forms. Different indicators show their color changes 
in different pH regions, but the color transition occurs over a pH range of about 

-Hamilton, L. I*., and Simpson, S. G., Calculations of AmK-t-j 1 m • ~ 

Chaps. 11-11, McGraw-Hill Book Co., Inc., New York. lDGO Y CheraisU 7. 6th 
a ‘for a detailed discussion, see Kolthoff, I. M., and Sterner w \ ^ i - . , . 

'ol. II. Interscience Publishers, Inc., New York, 1947. ° ' ‘ ' ohunetnc Analysis, 

* See Clark, W. M., The Determination oE Hydrogen Tons a.vi 
Co., Baltimore, 1928; Kolthoff, I. M., and Rosenblum r V-ff " Williams and Wilkins 
millan Co., New York, 1937. ’ -^‘d-Base Indicators, The Mac- 
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slants are sufficiently different (pK values different by about 4 units), and the indi- 
cators are chosen properly. For example, phosphoric acid, H 3 1 0. t , titrated with 
sodium hydroxide shows its first equivalence point at pH 4.7, in the color change 
interval of bromcresol green or methyl red; the second equivalence point occurs at 
pH 9.6, and a suitable indicator is diymol blue, phenolphthalein, or thymolphtha- 

Often a sharper color change can be achieved by the use of a mixed indicator, 
in which one indicator color is masked or screened by a second substance of com- 
plementary color; the intermediate color is therefore a neutral giay. The second 
substance may be a dye which is insensitive to pH, or another indicator of neatly 
the same pH interval and having an overlapping color complementary to the first 
indicator. Mixed indicators are especially uselul when titration to a definite pH 
is required. 

Many of the acid-base indicators are quite insoluble in water; they may be dis- 
solved in alcohol, or rendered water soluble by conversion to sodium salts or 
chlorides by grinding the dry dye with the required amount of sodium hydroxide 
or hydrochloric acid, and then diluting to the appropriate volume. '* Water-soluble 
indicators are available commercially 7 and are a great convenience. 

The transition range and colors of indicators may be affected by temperature, 
concentration of neutral salts in solution, presence of nonaqueous solvents, and 
concentration of indicator; the last effect is particularly pronounced with one-color 
indicators such as phenolphthalein and thymolphthalein. In some cases and for 
high accuracy work, it is advisable to prepare a comparison solution of composition 
closely approximating that of the final titrated solution and containing the same 
amount of indicator, and to titrate the unknown solution to the same color tint. 

Preparation of Indicator Solutions .— The indicators most often used in neu- 
tralimetry have their color transitions in the pH range of about 3 to 10. If water- 
soluble indicators 7 are used, prepare the solutions according to directions fur- 
nished by the supplier. Otherwise, prepare as given below. 

Methyl yellow: 0.10% solution in 95% alcohol 

Methyl orange: 0.20% solution in hot water; cool, and filter if necessary 

Bromcresol green: 0.10% solution in 20% alcohol 

Methyl red: 0.20% solution in hot water; cool, and filter if necessary 

Chlorphenol red: 0.10% solution in 20% alcohol 

Bromcresol purple: 0.10% solution in 95% alcohol 

Bromthymol blue: 0.10% solution in 20% alcohol 

Phenol red: 0.10% solution in 20% alcohol 

Neutral red: 0.10% solution in 60% alcohol 

Cresol red: 0.10% solution in 20% alcohol 

Thymol blue: 0.10% solution in 20% alcohol; heat if necessary to dissolve 
Phenolphthalein: 1.0% solution in 80% alcohol ’ 

Thymolphthalein: 0.10% solution in 95% alcohol 

Mixed Indicators — A number of common mixed indicators and their characteris- 
tics are: 

Modified methyl orange: dissolve 0.40 g. of methyl orange and 0.56 g. of xylene 

Seen ar d m ™ ’ ° f a,Coho1 and dilute with 100 ml. of water. Alkaline color, 
gieen, acid color, violet; neutral gray at pH 3.8 to 4.1. 

Methyl purple or screened methyl red: dissolve 0.100 g. of methyl red in 50 ml. 

i Ed! 1 L ’ A pp« ed 1 »- 

• Hartman-Leddon Co., Philadelphia, Pa. ’ P ' ’ 
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Table 12-1. Acid-Base Indicators 5 


Common Name 

pH 

Interval 

Acid 

Color 

Alkaline 

Color 

Cresol red “ 

0.2-1. 8 

Red 

Yellow 

Thymol blue a 

1. 2-2.8 

Red 

Yellow 

Methyl yellow 

2. 8-4.0 

Red 

Yellow 

Bromphenol blue 

3.0-4.6 

Yellow 

Purple 

Methyl orange 

3. 1-4.4 

Red 

Yellow 

Bromcresol green . ... 

3. 8-5. 4 

Yellow 

Blue 

Methyl red 

4.2-6.2 

Red 

Yellow 

Chlorphenol red 

4. 8-6.4 

Yellow 

Red 

Bromcresol purple .... 

5.2-6.8 

Yellow 

Purple 

Bromthymol blue 

6.0-7.6 

Yellow 

Blue 

Phenol red 

6. 4-8.0 

Yellow 

Red 

Neutral red 

6.8-8.0 

Red 

Yellow-brown 

Cresol red 6 

7. 2-8. 8 

Yellow 

Red 

Cresol purple b 

7.4-9.0 

Yellow 

Purple 

Thymol blue 6 

8.0-9.6 

Yellow 

Blue 

Phenolphthalein 

8.0-9. 8 

Colorless 

Red-violet 

Thymolphthalein 

9.3-10.5 

Colorless 

Blue 

Alizarin yellow 

10.1-12.0 

Yellow 

Violet 


“ Acid range; the indicator has two color change intervals. 
b Alkaline range; the indicator has two color change intervals. 


1.5 to 2 units. The pH interval and colors or sonic common indicatois are given 
in Table 12-1. The pH of the solution at the equivalence point in a neutraliza- 
tion titration depends on the degree of ionization of the acid and base involved in 
tlie reaction. If both acid and base are highly ionized, the equivalence point pH 
is 7.0, and one drop of dilute titrant may cause the pH to change from about 4 
to 10 (when acid is titrated with base); any one of several different indicators can 
therefore be used. In the titration of a weak acid, e.g., acetic, benzoic, etc., by 
strong base, the solution at the equivalence point is alkaline (pH greater than 7), 
the exact pH depending upon the ionization constant of the acid and die concen- 
tration of die anion (salt) in the final solution. Similarly, the solution is slightly 
acidic (pH less than 7) at the equivalence point in the titration of a weak base by 
a strong acid. Therefore, when die substance titrated is a weak acid or a weak 
base, an indicator must be chosen that has its color transition at a pH which coin- 
cides with, or lies very close to, the equivalence point pH; large errors would odicr- 
wise occur. 

Stepwise titration of polyprodc acids (e.g., phosphoric acid) and/or dieir alkali 
salts (e.g., phosphate, carbonate, etc.) is possible if the successive ionization con- 

s Taken from A)res, G. H., Quantitative Chemical Anal>sis, p. 355, Harper and Brothers, 
New York, 1958. Used by permission of the publisher. 
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slants are sufficiently different (pIC values different by about 4 units), and the indi- 
cators are chosen properly. For example, phosphoric acic H 3 P0 4 , titrated with 
sodium hydroxide shows its first equivalence point at pH 4.7, in the color change 
interval of bromcresol green or methyl red; the second equivalence point occurs at 
pH 9.6, and a suitable indicator is thymol blue, phenolphthalein, or thymolpht la- 

Often a sharper color change can be achieved by the use of a mixed indicator, 
in which one indicator color is masked or screened by a second substance of com- 
plementary color; die intermediate color is therefore a neutral gray. The second 
substance may be a dye which is insensitive to pH, or another indicator of nearly 
the same pH interval and having an overlapping color complementary to the first 
indicator. Mixed indicators are especially useful when titration to a definite pH 
is required. 

Many of the acid-base indicators are quite insoluble in water; they may be dis- 
solved in alcohol, or rendered water soluble by conversion to sodium salts or 
chlorides by grinding the dry dye with the required amount of sodium hydroxide 
or hydrochloric acid, and then diluting to the appropriate volume. 0 Water-soluble 
indicators are available commercially 7 and are a great convenience. 

The transition range and colors of indicators may be affected by temperature, 
concentration of neutral salts in solution, presence of nonaqueous solvents, and 
concentration of indicator; the last effect is particularly pronounced with one-color 
indicators such as phenolphthalein and thymolphthalein. In some cases and for 
high accuracy work, it is advisable to prepare a comparison solution of composition 
closely approximating that of the final titrated solution and containing the same 
amount of indicator, and to titrate the unknown solution to the same color tint. 

Preparation of Indicator Solutions .— The indicators most often used in neu- 
tralimetry have their color transitions in the pH range of about 3 to 10. If water- 
soluble indicators 7 are used, prepare the solutions according to directions fur- 
nished by the supplier. Otherwise, prepare as given below. 

Methyl yellow: 0.10% solution in 95% alcohol 

Methyl orange: 0.20% solution in hot water; cool, and filter if necessary 

Bromcresol green: 0.10% solution in 20% alcohol 

Methyl red: 0.20% solution in hot water; cool, and filter if necessary 

Chlorphenol red: 0.10% solution in 20% alcohol 

Bromcresol purple: 0.10% solution in 95% alcohol 

Bromthymol blue: 0.10% solution in 20% alcohol 

Phenol red: 0.10% solution in 20% alcohol 

Neutral red: 0.10% solution in 60% alcohol 

Cresol red: 0.10% solution in 20% alcohol 

Thymol blue: 0.10% solution in 20% alcohol; heat if necessary to dissolve 
Phenolphthalein: 1.0% solution in 80% alcohol 
Thymolphthalein: 0.10% solution in 95% alcohol 

Mixed Indicators.— A number of common mixed indicators and their characteris- 
tics are: 

Modified methyl orange: dissolve 0.40 g, of methyl orange and 0.56 g, of xylene 
cyanole FF m 100 ml. ol alcohol and dilute with 100 ml. of water. Alkaline color 
green; acid color, violet; neutral gray at pH 3.8 to 4.1. 

Methyl purple or screened methyl red: dissolve 0.100 g. of methyl red in 50 ml. 

wney Applied In ' 

• Haitman-Leddon Co., Philadelphia, Pa. P ' 
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of alcohol; dissolve 0.050 g. of methylene blue in 50 ml. of alcohol; mix the two 
solutions and store in an amber bottle. Alkaline color, green; acid color, violet; 
neutral gray at pH 5.2. 

Mix 0.1% solutions of cresol red and thymol blue in a 1:3 volume ratio. Acid 
color, yellow; alkaline color (above pH 8.4), violet; pink at pH 8.2. 

Mix 0.1% solutions of phenolphthalein and methyl green in a 1;2 volume ratio. 
Acid color, green; alkaline color (abo\e pH 9), violet; pale blue at pH 8.8. 

STANDARD ACIDS 

HYDROCHLORIC ACID 

Hydrochloric acid is the most commonly used titrant in acidimetry. Dilute solu- 
tions can be boiled for moderate periods without loss of HC1. Standard solutions 
are usually prepared at approximately the desired concentration and then stand- 
ardized. A direct stock standard solution (approximately 6 N) can be prepared as 
the constant boiling solution, and diluted quantitatively to lower concentrations 
for use. 

Preparation of Approximate 0.1 N Solution ( HCl , mol. wt. and equiv. wt. = 
36.465 ).— A 0.1 N solution contains 3.65 g. of HCl per liter. Analytical reagent 
grade concentrated hydrochloric acid has a specific gravity of about 1.18, contains 
about 36% by weight of HCl, and is about 12 N. Preparation of a liter of 0.1 N 
solution requires about 8.5 ml. of the concentrated acid. For each liter of 0.1 A r 
solution to be prepared, rough measure (graduate) 9 ml. of concentrated acid and 
dilute with water to approximately the desired volume; mix thoroughly before 
standardizing. 

Standardization, a. Against Sodium Carbonate (Na 2 C0 3 , mol. wt. = 106.00; 
equiv. wt. for complete neutralization = 53.00).— Analytical reagent grade sodium 
bicarbonate may be recrystallized, if necessary, by directions given by Hillebrand 
et al. 8 Convert the bicarbonate to carbonate as follows: Place the purified sodium 
bicarbonate in a platinum crucible, heat in a sand bath to 260° to 290°C., with the 
thermometer bulb in the solid, for 30 to 60 minutes, with occasional stirring. 
Transfer the crucible and contents to a weighing bottle, cool in a desiccator, and 
weigh. Repeat the heating, to constant weight. Accurately weigh out samples of 
the pure, dry sodium carbonate appropriate for the normality of the acid to be 
standardized; for approximately 0.1 N solution and assuming about 40 ml. for the 
titration, take samples of 0.2 to 0.25 g. Dissolve the sample in about 60 ini. of 
distilled water, add two drops of modified methyl orange (or methyl purple) indi- 
cator, and titrate with the acid to the neutral gray or very faint violet tint. Boil 
the solution for 1 minute to remove carbon dioxide (the solution should return 
to the green color), cool, and complete the titration dropwise to the neutral gray 
or first faint violet tint. Calculate the normality of the acid: 

jy _ g. Na;CQ 3 taken 

Ml. acid used X 0.05300 

b. Against Borax (Na 2 B 4 O r - 10H 2 O, mol. wt. = 381.42; equiv. wt. = 190.71).- 
Borax is readily prepared in high purity and of exact hydrate composition by re- 

8 Hillebrand, W. F., Lundcll, G E. F , Bright, H. A., and Hoffman, J. I., Applied In- 
organic Anal) sis, 2nd Ed., John Wiley and Sons, New Yoik, p. 176, 1953. 
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crystallization from water below 55 °C. (to prevent separation of crystals of the 
pentahyclrate). The decahydrate is stable at room temperature at relative humid- 
ity from about 40 to 99%; it is stored in a desiccator over saturated solution of 
sodium bromide, or saturated sodium chloride and sucrose solution. Borax has 
the advantage of a high equivalent weight: B 4 0 7 = + 2H+ -f 5HoO -» 4H 3 B0 3 . 
The theoretical end point pH is approximately 5. For standardization of 0.1 N 
solution, accurately weigh about 0.8 g. of borax, dissolve it in about 60 ml. of dis- 
tilled water, add two drops of methyl red indicator, and titrate to the first de- 
tectable color change from yellow to red-orange. 

c. Against Standard Sodium Hydroxide Solution.— A solution of carbonate-free 
sodium hydroxide that has been standardized can be used for standardizing an 
acid by performing a comparison titration. The titration should be made in the 
same direction and with die same indicator as was used in the standardization; 
for example, if the sodium hydroxide was standardized against potassium acid 
phthalate (as described later), using phenolphthalcin indicator, an accurately meas- 
ured volume of the acid to be standardized is titrated with the standard sodium 
hydroxide to the first pink tinge of phenolphthalein. 

Preparation of Constant Boilhig Hydrochloric Acid.— A stock supply of standard 
(approximately 6 N, known to five significant figures) can be prepared by distilling 
a 1 : 1 hydrochloric acid, discarding the first three-fourths of the distillate, and col- 
lecting the next 15% or so of the constant boiling acid; the barometric pressure at 
the time of distillation must be noted. Details of apparatus and procedure have 
been published. 0 . 10 The composition of the constant boiling acid varies with the 
pressure of distillation, as shown in Table 12-2. The constant boiling acid is 


Table 12-2. Constant Boiling Hydrochloric Acid 


Pressure, 
mm. of Hg 

Boiling 
Point, °C. 

Density 
at 25°C. 

% HC1 by 
Weight 

Grams for 

1 Liter of 
0.1000 A r Soln. 

770 



20.197 

18.041 

760 

108.584 

1.0959 

20.222 

18.019 

/3l) 



20.245 

17.998 

740 

107.859 

1.0962 

20.269 

17.977 

/JKJ 



20.293 

17.956 

700 

i 

106.424 

1.0966 

i 

20.360 

17.910 


'? S ' ly S “ rM: U is ; ,ot h >f °y°pic, and its composition is not changed by evapora- 
ton. Foe preparat.on of dduce solution tor use as a titrant, the constant boUtol 
acid is weighed accurately from a weight buret and diluted to volume in a vnf 

solution ifsLT, “( Sf,2.2° ^ ‘ ™ » 

1220 
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SULFURIC ACID 

If a moderately concentrated solution of acid must be boiled without loss, 
sulfuric acid lias the advantage over hydrochloric acid. Sulfuric acid is usually 
prepared at the approximate concentration needed, then standardized. Constant 
boiling sulfuric acid \aries in composition only slightly with distillation pressure; 
at 750 mm. the constant boiling mixture contains 98.48% H 2 S0 4 by weight; 11 for 
use as a concentrated stock standard solution, however, storage presents a problem 
because of its high liygroscopicity. Sulfuric acid of about 52% by weight is in 
equilibrium with air of "ordinary” moisture content; thus it presents no storage 
problem; its exact composition can be determined from an accurate density meas- 
urement and icfercncc to tables, solutions for use as a titrant are prepared as 
needed by weighing the desired quantity from a weight buret and diluting to 
known volume. Alternatively, an aliquot of the stock solution can be standard- 
ized against an appropriate alkaline primary standard, and quantitative dilutions 
made for use as needed. 

Preparation of Approximate Solution (H.SO A , mol, wt. — 98.08 ; equiv. let, — 
49.04).— Analytical reagent concentrated sulfuric acid has a specific gravity of about 
1.84, contains about 96% by weight of H_,S0 4 , and is about 36 N. Preparation of 
a liter of approximately 0.1 N solution requires about 3 ml. of the concentrated 
acid. Pour the acid into a large volume of water— never the reverse— and dilute to 
the required volume; mix thoroughly. 

Standardization.— Follow the same procedure as for hydrochloric acid. 

STANDARD ALKALIES 

Most alkahmetric titrations are made with sodium hydroxide solution. The solid 
reagent chemical contains more or less carbonate, and the solutions absorb carbon 
dioxide from the air to form carbonate. When used for the titration of weak acids, 
the carbonate makes the end points less distinct and results in an appreciable titra- 
tion error. 

Alkaline solutions should be stored in bottles of resistance glass or, preferably, 
of polyethylene. If the solution is to be maintained carbonate-free, the bottle 
should be fitted with a siphon delivery tube and the air inlet should be protected 
with a trap containing concentrated sodium hydroxide solution, or with a guard 
tube containing soda lime or soda asbestos. 

Alkaline solutions that are to be used in the presence of carbon dioxide are best 
standardized against a standard acid solution, such as a diluted constant boiling 
hydrochloric acid, or acid that has been standardized against sodium carbonate. 
Carbonate-free solutions that are to be used with indicators having a high pH 
transition interval (e.g., phenolphthalein) should be standardized against potassium 
acid plithalate or benzoic acid. 

SODIUM HYDROXIDE 

Preparation of Ordinary Solution ( NaOH , mol. wt. and equiv. uit. = 40.00).- For 
approximately 0.1 N solution, dissolve about 5 g. of solid reagent in 100 to 200 ml. 
of distilled water, with constant stirring to prevent caking of the solid; dilute to 
about 1 liter and mix well. Standardize by titrating a measured volume of the 

ii Kunzier, J. E., Anal. Chem , 25, 93 (1953). 

i- This book, pages 612-614. 
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solution with standard hydrochloric acid or sulfuric acid, using modified methyl 
orange or methyl purple indicator, as described under standardization of hydro 

chloric acid against sodium carbonate. 

Preparation of Carbonate-free Solution, a. From Concentrated NaOH Solu- 
tion.— Sodium carbonate is insoluble in sodium hydroxide solution of about oO/ 0 
concentration. To 100 g. of sodium hydroxide pellets add 100 ml. of distilled water, 
stirring constantly until all the solid has dissolved. Transfer the solution to a large 
Pyrex "test tube, close the tube with a stopper covered with tin foil, and allow the 
sodium carbonate to settle; centrifugation will hasten the settling. Siphon or pipet 
off the required amount of the clear solution (about 8 ml. of each liter of 0.1 A 
solution to be prepared) into the storage container, and dilute at once with dis- 
tilled water that has been recently boiled and then cooled in a stoppered flask, 
mix thoroughly. Alternatively, the concentrated sodium hydroxide solution can 
be filtered through a fritted glass crucible, protected from carbon dioxide of the 
air; for a diagram of the apparatus, see Hillebrand. 13 Fit the storage bottle with 
a siphon delivery tube and a carbon dioxide guard on the air inlet. 

b. By Use of Anion Exchange Resin.— Pass the sodium hydroxide solution con- 
taining carbonate through a column containing the chloride form of a strong base 
anion exchange resin (Amberlite IRA-400 or Dowex 1 or 2), which retains the car- 
bonate. If chloride is objectionable in the solution, discard the first portions of 
effluent until a negative test for chloride is obtained. The resin can be regenerated 
by passing dilute hydrochloric acid through the column, followed by water until 
the excess acid is removed. 

A direct standard solution of alkali hydroxide can be prepared from a weighed 
amount of pure sodium chloride or potassium chloride. Pass the chloride solution 
through a column containing a strong base anion exchange resin in the hydroxide 
form; wash the column well with water, and dilute the effluent solution and wash- 
ings to known volume. After use, the resin can be regenerated with sodium hy- 
droxide solution. 

Standardization, a. Against Potassium Acid Phthalate (C (! H 4 (COOK)(COOH), 
or K.HC s H.j 0 4 , mol. wt. and equiv. wt. = 204.22).— Potassium acid phthalate, recom- 
mended as the primary standard for strong bases, is available commercially and 
from National Bureau of Standards. It is not hygroscopic, it is stable up to 135°C., 
and it is water soluble. Oven-dry the primary standard potassium acid phthalate 
at 115° to 120°C. for 1 to 2 hours; store in a weighing bottle in a desiccator. Accu- 
rately weigh the appropriate amount of the solid (for standardizing 0.1 N alkali, 
take about 0.8 g.), dissolve it in about 75 ml. of carbon dioxide-free distilled water, 
add three drops of phenolphthalein indicator, and titrate with the sodium hydrox- 
ide solution to the first faint permanent pink tinge. Run a blank on the same 
end volume of carbon dioxide-free water and indicator; subtract the blank from 
the volume of alkali used in the titration, and calculate the normality of the alkali 
If higher accuracy is required, purge the titration flask from carbon dioxide (by 
sweeping with carbon dioxicle-free air or with nitrogen) before use and during the 
titration. ( b 

Be ”“ C ACW (C = H » COOH ° r HC 7 H r> 0 2 , mol. wt. and equiv. wt. = 
1. I_) National Bureau o[ Standards supplies benzoic acid as a calorimetric 

13 Hillebrand, W. F„ Lundell, G. E. F„ Bright H A and HnfFm™ T t a .■ , T 
organic Analysis, 2 nd Ed., John Wiley and Son!, New York, p 179,1953.' J ‘ ’ Pphed In ' 
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standard; it is also suitable as a primary standard for alkali. Its principal dis- 
advantage is its low solubility in water. Accurately weigh (about 0.5 g. for use with 
0.1 N alkali) the pure dry benzoic acid, dissolve it in 10 ml. of 95% alcohol, dilute 
with about 40 ml. of carbon dioxide-free water, add three drops of plienolphthalein 
indicator, and titrate with the alkali to the first faint but permanent tinge. Run 
a blank consisting of 10 ml. of alcohol, carbon dioxide-free water to equal the end 
volume in the titration, and indicator. From the net volume of alkali, calculate 
its normality. For very exact work, carry out the titration in a carbon dioxide-free 
atmosphere. 

BARIUM HYDROXIDE 

Barium hydroxide solution is automatically kept free from carbonate, due to the 
insolubility of barium carbonate in water and alkaline solutions. Its principal 
disadvantage is the insolubility of barium salts of many anions, such as sulfate and 
phosphate. When large amounts of solution are required, it is convenient to pre- 
pare a stock supply of saturated solution in contact with a large excess of solid 
Ba(0H) 3 *8H 3 0. If the temperature remains constant, die concentration of solu- 
tion remains constant even if carbon dioxide is absorbed. The saturated solution is 
about 0.35 N, which is more concentrated than usually required; but once stand- 
ardized and maintained at constant temperature, volumetric dilutions of the stock 
solution with carbon dioxide-free water can be made as needed. Barium hydroxide 
solution is standardized against potassium acid pluhalate or benzoic acid, as de- 
scribed for sodium hydroxide. 

PRECIPITATION METHODS 

In addition to the use of visual indicators in precipitation methods, end-point 
detection by electrical methods (potentiometric, conductometric) is applicable in 
many instances; pH control, change of solvent, back titration of excess precipitant, 
etc., may be used to approach the conditions required for exact stoichiometry. 
The methods given here are limited to those involving visual detection of the end 
point. 


SILVER NITRATE (ARGENTOMETRIC) METHODS 

Primary Standards and Standard Solufions.-Metallic silver, silver nitrate, po- 
tassium chloride, sodium chloride, and potassium thiocyanate are easily obtained 
in high purity, 14 and can be used as primary standards, including direct prepara- 
tion of standard solutions. It is often convenient to have a silver nitrate solution 
which has been standardized against a chloride solution and/or a thiocyanate solu- 
tion, to facilitate corrections for titration error in analyzing unknowns. 

Silver Nitrate (AgNO a , mol. wt. and equiv. wt. = 169.89).-Use analytical reagent 
grade silver nitrate; if in large crystals, grind to small size. Dry for 1 to 2 hours at 
100°C., taking care to exclude dust and other reducing materials. For an exact 
0.1 N solution, accurately weigh 16.989 g. of the dried silver nitrate and make up 
volumetrically to I liter. 15 (For an approximate 0.1 N solution, rough weigh 17 g. 

14 See holthoff, I. M., and Sarver, W. A., Volumetric Analysis, Vol. II, Interscience Pub- 
lishers, Inc , New York, pp. 251-254, 1947. 

15 If pure metallic silver is available, a direct standard solution of silver nitrate can be 
prepared by dissolving a known weight of the metal in 1;I nitric acid; evaporate to expel 
excess acid, then dilute to known volume. However, for some applications (e.g., the Mohr 
method for halides), free nitric acid cannot be tolerated. 
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of the solid and make up to about a liter.) Store the solution m a brown bottle 
•md protect the stopper and neck from dust. Check the normality of the direct 
solution, or standardise the approximate solution, against chloride and/or against 


'bpot'assium Thiocyanate (KSCN, mol. wt. and equiv. wt. = 9 7 ; 18 5 ) .-Tlae pure 
salt is dried in a desiccator over sulfuric acid; it is not hygroscopic m an atmosphe e 
of relative humidity less than 50%. For preparation of a direct 0.1 N solution, 
weio-h 9.718 g. of the pure dry solid, dissolve in water, and make up to 1 liter. 

Potassium Chloride or Sodium Chloride (KC1, mol. wt. and equiv. wt. = 74.557, 
NaCl, mol. wt. and equiv. wt. = 58.448).— The analytical reagent grades are satis- 
factory primary standards for ordinary work. For a liter of exact 0.1 N solution 
take 7.456 g. of KC1 or 5.845 g. of NaCl, and make to volume with water. . . 

hidicators. Ferric Alum (for Volhard Method). — Dissolve 280 g. of ferric am- 
monium sulfate hydrate in 900 ml. of hot water. Cool, let settle, and pour off (oi 
filter) from any residue, then add 100 ml. of concentrated nitric acid to the solu- 
tion. Use about 5 ml. of indicator per 100 ml. of titration solution. In the Vol- 
hard method the end point is the first red color, due to formation of [FeSCN]+ + 


after precipitation of AgSCN is complete. 

Potassium Chromate (for Mohr Method).-Prepare a 5% aqueous solution of 
K.,Cr0 4 ; use 1 ml. of indicator per 100 ml. final volume of titration solution. In 
the titration of chloride (or bromide) the end point is the formation of the first 
detectable red-orange precipitate of AgXr0 4 after precipitation of the silver halide 
is complete. 

Dichlorofluorescein (for Fajans Method for Chloride).— Prepare a 0.1% solution 
of dichlorofluorescein in alcohol, or of its sodium salt in water. Use about ten 
drops per 100 ml. of solution. 

Eosin (for Fajans Method for Bromide, Iodide, Thiocyanate).— Prepare a 0.5% 
solution of eosin (tetrabromofluorescein) in alcohol, or of its sodium salt in water. 

In the adsorption indicator methods a protective colloid is used to prevent the 
coagulation of the precipitate. A 2% aqueous solution of dextrin is commonly em- 
ployed; discard the stock solution if mold formation is apparent. 


PROCEDURES 

The procedures given below apply to titrations of primary standards or stand- 
ard solutions for purposes of standardization or comparison, and to titrations of 
unknowns from which interfering substances have been removed. 

Titration of Silver Ion with Thiocyanate ( Volhard Method) .-The sample solu- 
tion should be at least 0.3 N in acid, usually nitric acid although sulfuric acid is 
sometimes used. If the solution is not already acidic, add 5 ml. of 6 M nitric 
acid which is free from chloride ion and from oxides of nitrogen (boil, if neces- 
sary, to remove oxides of nitrogen), add 5 ml. of ferric alum indicator, and titrate 
widi potassium thiocyanate solution to the first red-orange tinge in the solution 
Because silver thiocyanate precipitate adsorbs silver ion from solution, the first 
indication of the end point may come too early; vigorous shaking during dropwise 
completion of the titration is required, until a faint but permanent red-orange 
color is obtained. Run a blank, using the same amount of nitric acid, indicator 

and water, and correct the titration volume for the amount of the blank- the 
blank should be very small. c 

Titrat ion of Chloride with Silver Ion. a. Mohr Method.-The allowable ranm* 
o pH is about 6.o to 10; below pH 6.5 the increased solubility of silver chromate 
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makes the end point come too late; above pH 10, silver hydroxide is also pre- 
cipitated. If the solution for titration is strongly alkaline, make it just acidic with 
nitric acid, then neutralize by adding sodium bicarbonate or borax; if the solution 
is already acidic, neutralize with sodium bicarbonate or borax. If appreciable 
amounts of ammonium salts are present, the pH should not exceed 7.2. To the 
solution for titration, adjusted in pH as indicated above, add I ml. of potassium 
chromate indicator for each 100 ml. final volume, and titrate with silver nitrate 
solution, with good stirring or shaking especially near the end, to the first perma- 
nent red-orange tinge. It is advisable to save the samples from the first two 
titrations. To one sample, add a minute amount of chloride and stir, to transpose 
the silver chromate and restore the yellow color. These samples are then used for 
comparison in adjusting the end point in titration of subsequent samples. Obser- 
vation of the end point is sharpened by making the titration under a yellow light. 
Run a blank, using about 0.3 g. of chloride-free calcium carbonate (to simulate the 
precipitate) and the same amount of indicator and same final volume of water. 
The method is applicable to determination of low concentrations of chloride, as 
in water analysis. It is also applicable to the determination of bromide, but not 
to iodide nor thiocyanate. The reverse titration (silver ion titrated by chloride) 
is generally unsatisfactory on account of the slow transposition of silver chromate to 
silver chloride near the equivalence point. 

b. Fajans Method.— The allowable range of pH is 4 to 10, and the chloride 
concentration should be in the range 0.005 to 0.025 N. To the solution for 
titration add 5 ml. of 2% dextrin solution and ten drops of 0.1% diclilorofluores- 
cein indicator. Titrate, in subdued light, with silver nitrate to the color change 
from greenish-yellow in the solution to a salmon-pink color on the suspended pre- 
cipitate. A blank test cannot be made. Titration of silver ion by chloride is also 
satisfactory, the end point being the disappearance of the salmon-pink color from 
the suspension. If photochemical action on the silver chloride causes it to turn 
gray, a satisfactory end point cannot be obtained. The general method is ap- 
plicable also to the titration of bromide, iodide, and thiocyanate, using eosin indi- 
cator; the allowable pH is 2 to 10. 

c. Volhard Method.— The chloride is precipitated by adding a known amount of 
silver nitrate, in excess of that required for precipitation of silver chloride; the 
amount of the excess is determined by back titration with thiocyanate solution. 
Correct stoichiometry requires a procedure to prevent transposition of silver chlo- 
ride to the less soluble silver thiocyanate during back titration and/or removal of 
silver ion adsorbed on the silver chloride precipitate. Use one of the following 
methods. 

(i) Original Volhard Method. The solution for titration should be about 0.3 M 
in chloride-free nitric acid. Add a measured volume of standard silver nitrate 
solution, in excess of the amount to precipitate the chloride as AgCI. Boil to co- 
agulate the precipitate, filter it off (use fritted glass crucible), and wash it well 
with 1:100 nitric acid. Titrate the filtrate and washings with standard potassium 
thiocyanate solution, using 5 ml. of ferric alum indicator exactly as described earlier 
for the Volhard method. From the total amount of silver nitrate added, subtract 
the amount equivalent to the thiocyanate back titration to get the net amount of 
silver nitrate required to precipitate the chloride. 

(ii) Caldwell Modification . ie The solution for titration should contain about 
0.05 to 0.25 g. of alkali chloride in 25 to 50 ml. of water plus 2 to 5 ml. of chloride- 

Caldwell, J. R , and Moyer, H. V., Ind. Eng. Chem., Anal. Ed., 7, 38, 1935. 
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free 6 M nitric acid. To the solution add 1 ml. of nitrobenzene for each 0.05 g. 
of chloride. Add a measured volume of standard silver nitrate solution, in excess 
of the amount to precipitate the chloride. Stopper the flask and shake vigorous y 
to coagulate the precipitate and coat the particles with nitrobenzene. Add o m . 
of ferric alum indicator, and titrate the excess silver ion with standard thiocyanate 
solution to the first faint red-orange tinge. Adequate stirring near the end point 
is required, but violent shaking should be avoided. Calculate as in (i) above. 

The Volhard method is applicable also to the determination of bromide and 
iodide; in these cases, removal or protection of the silver halide precipitate is un- 
necessary. In the determination of iodide, ferric alum indicator must not be 
added until after the precipitation of the silver iodide. 


MERCURIMETRIC METHOD FOR CHLORIDE 

Although this method is not a precipitation titration, it is treated here for con- 
venience. The method depends upon the formation of slightly ionized mer- 
cury(II) chloride, HgCL, when a soluble chloride is treated with a highly ionized 
mercury (II) solution, such as the nitrate or perchlorate. Sodium nitroprusside indi- 
cator shows a white turbidity of HgFe(CN) r ,NO when mercury(II) is present in ex- 
cess. A slight end-point error can be evaluated by running a blank containing about 
the same concentration of mercury(II) chloride as in the sample solution; no cor- 
rection need be applied if the mercury(II) solution is standardized against chloride 
of about the same amount as in unknown samples. The method is especially 
suited to the determination of small amounts of chloride, and to chloride in acid 
solution. Diphenylcarbazide or diphenylcarbazone indicator 17 requires closer con- 
trol of conditions dvan when sodium nitroprusside indicator is used. 

Reagents .— The mercury(II) solution may be either the nitrate or the perchlorate. 

Mercury(II) Nitrate.— Dissolve about 17 g. of mercury(II) nitrate hemihydrate 
(mol. wt. = 333.63; equiv. wt. = 166.82) in 50 ml. of 6 M nitric acid and dilute 
to about 1 liter; standardize against chloride. Alternatively, dissolve about 11 g. 
of mercury(II) oxide (mol. wt. = 216.61; equiv. wt. = 108.30) in a slight excess of 
6 M nitric acid and dilute to about 1 liter; standardize against chloride. 

Mercury(II) Perchlorate.— Dissolve about II g. of mercury(II) oxide in a slight 
excess of 1:1 perchloric acid and dilute to about 1 liter; standardize against 
chloride. 

Sodium Nitroprusside Indicator.-Prepare a 10% aqueous solution of sodium 
nitroprusside, NaTe(CN)-,NO-2H.,0. Store in a brown bottle; discard if the solu- 
tion turns green. 

Primary Standard Potassium Chloride or Sodium Chloride.-See under Silver 
Nitrate Methods. 


Procedure.— Cations which form slightly soluble nitroprussides (e.o\, cadmium 
copper, cobalt, nickel) must be absent. To the chloride solution acid’ nitric acid 
to make us concentration 0.2 to 0.5 M, and two drops of sodium nitroprusside 
indicator for each 10 ml. of solution. Titrate slowly against a black background 
to the first faint permanent turbidity. If the mercury(II) solution is to be used 

T“ ra ,m" S n % d, ' 0r : C ! e ' nm a bk,nk - usin S •■>'»« the same amount of 

meicury(II) chloride, nitric acid, indicator, and final volume as in the titration- 

the blank usually amounts to 0.1-0.2 ml. in titrations with 0.1 A r mercurvflD 

solution. For titration of small amounts of chloride, use a mercurvDTl 
of about 0.02 N concentration. mercury(II) solution 


17 Roberts, I., Ind. Eng. Chem., Anal. Ed., 8, 365, 1936. 
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The method is also applicable to titration of bromide. Thiocyanate can be de- 
termined, using ferric alum indicator and titration to the disappearance of red 
color. Cyanide can be determined by adding excess standard mercury(II) solution, 
then back titrating with standard thiocyanate, using ferric alum indicator. 

COMPLEXATION METHODS 

In spite of the large number of complex ions that are known, relatively few 
methods involving complex formation are applicable to titration because of the 
existence of several complexes between a central metal ion and the ligand (com- 
plexing agent). Therefore, the conditions of exact stoichiometry are rarely ful- 
filled. A notable exception is the reaction of metal ions with ethylenediaminetetra- 
acetic acid (EDTA). 

METHODS INVOLVING CYANIDE 

Titration of Cyanide by Silver Ion ( Liebig-Deniges Method). Standard Silver 
Nitrate.— Prepare standard silver nitrate solution, as given previously under Pre- 
cipitation Methods. 

Procedure.— (Caution: Cyanides and HCN are violently poisonous.) To the 
cyanide solution for titration add 0.2 g. of potassium iodide and 5 ml. of 6 M ammo- 
nia for each 100 ml. of solution. Titrate with standard silver nitrate, against a black 
background, to the first permanent white turbidity. For calculation to CN-, HCN, 
or alkali cyanide (KCN, NaCN), the equivalent weight is twice the molecular 
weight: 2CN- -f Ag+ Ag(CN) 2 -. 

Titration of Cyanide and Chloride in Same Mixture.— Titrate the solution con- 
taining cyanide and chloride with standard silver nitrate solution, to the first per- 
manent white turbidity, due to the start of the reaction Ag(CN) 2 - -f Ag+ -» 2AgCN 
(ppt.). Then add a measured additional volume of standard silver nitrate, in ex- 
cess of the amount to precipitate completely AgCN and AgCl. Filter off the pre- 
cipitated silver salts on a fritted glass crucible, and wash the precipitate several 
times with 1:100 nitric acid. To the filtrate and washings add 5 ml. of ferric 
alum indicator, and titrate the excess silver ion with standard potassium thio- 
cyanate to the first permanent red-orange tinge. From the amount (in numbers 
of milliequivalents, if the AgNO a and K.SCN are of different normalities) of addi- 
tional silver nitrate beyond the first turbidity subtract the amount of silver nitrate 
required to produce the first turbidity and the amount of silver nitrate equivalent 
to the thiocyanate in the back titration; the difference represents silver nitrate 
equivalent to chloride. 

The method is applicable also to titration of a mixture of cyanide with bromide 
or with thiocyanate. 

Titration of Metal Ions with Cyanide. Potassium Cyanide Solution. (KCN, mol. 
wt. = 65.12; equiv. wt. for complexation = 130.24).— For preparation of approxi- 
mately 0.1 N solution, dissolve about 13 g. of KCN (Caution! Poison!) and 5 g. of 
sodium hydroxide in water and dilute to about a liter. Standardize by titrating a 
measured volume (about 40 ml.) of the KCN solution with standard silver nitrate, 
using the Liebig-Denigfcs method given previously. Alternatively, standardize the 
potassium cyanide solution against pure copper; dissolve an accurately weighed 
amount of pure copper in 6 Af nitric acid, make the solution just alkaline to 
ammonia, and add 5 ml. of 1:1 ammonia in excess. Titrate the deep-blue copper 
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solution with the potassium cyanide solution just to the disappearance of the blue 
color: 

2Cu(NHs) 4 ++ + 7CN- + HoO -> 2Cu(CN) 3 = + CNO~ + 2NH 4 + + 6NH a 

Calculate the copper titer of the potassium cyanide solution (grams or milligrams 

of copper equivalent to LOO ml. of KCN solution). . . 

Determinations— Potassium cyanide solution is most often used in the titumetnc 
determination of copper and of nickel. Details of procedures are given else- 
where. 18 

TITRATIONS WITH ETHYLENEDIAMINETETRAACETIC ACID 

(EDTA) 10 

Ethylenediaminetetraacetic acid (EDTA, commonly represented in equations by 
H 4 Y), or more often its disodium salt (Na 2 H 2 Y), finds wide application as an ana- 
lytical reagent in forming complexes with most cations except the alkalies. It can 
be used to mask, the reactions of certain cations to prevent their interference with 
odier reactions; it enhances the color of colored cations, and thus it can be used in 
spectrophotometric determinations; and it is used for the coinplexometric titration 
of many cations. It is apparently unique among complexing agents in lorming 
1:1 complexes with cations regardless of their valence: 

M n+ + H 2 Y — -> MY (n -4) -f 2H+ 


(The general definition of equivalency previously given will still apply to EDTA, 
but it may be more convenient to express its concentration on a molar basis, or 
as a titer for a given element.) Titrations with EDTA may be direct, or back 
titration of excess reagent, or displacement of one cation by another. 

Indicators.— A wide variety of end-point methods can be applied to titrations 
with EDTA; use of metal indicators is the most common.- 0 -- 1 The metal indi- 
cators are compounds which react with metal ions to form highly colored com- 
plexes, but which have a different (or no) color in the absence (i.e., very low con- 
centration) of the metal ion. Upon titration with EDTA, the metal-indicator com- 
plex transposes to the metal-EDTA complex: M-Ind -f Y -> M-Y -f Ind. For a di- 
rect titration the metal-inclicator complex must be less stable than the metal-EDTA 
complex. Applications of EDTA titrations are so varied and the indicators so 
numerous that only very few can be mentioned here; for a complete treatment, 
see Welclier. 19 

Eriochrome Black T. — This compound, sodium l-(l-hydroxy-2-naphthylazo)-6- 
nitro-4-sulfonate, known by many trivial names, has been widely used as an indi- 
cator for many metal ions, which form red complexes in alkaline solution; the 
free dye is blue in alkaline solution. In direct titration methods, the color change 
is from the red color of the metal-indicator complex to the blue color of the dye 
as the more stable metal-EDTA complex is formed. This indicator is also used in 
back titration and in displacement methods. 


18 Furman, N. Howell, Standard Methods of Chemical Analysis, 6th Ed., Vol. I, D Van 
Nostrand Co., Inc., Princeton, N. J„ 1962. 

'^ lcller > f'j;’ 1 he Analytical Uses oi Ethylenediaminetetraacetic Acid, D. Van Nos- 
tiand Co., Inc., Princeton, N.J., 1958. iNOS 

j " Jl " Br0ac1, C " and Flaschka ’ H - Chemist- Analyst, 45, 86, 111, 1956; 
- 1 Reilley, C. N., and Schmidt, R. IV., Anal. Chem., 31, 887, 1959. 
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007 „ 0 £ the solid indicator-potassium chloride-charcoal mixture), and 5 ml. of 
1 M sodium hydroxide containing 1 g. of sodium cyanide per 100 ml. Titrate with 
the EDTA solution to the color change from yellow-green to brown. Vigorous 
stirring throughout the titration is necessary. Do not titrate under strong illumi- 
nation or under a fluorescent lamp. 

Applications— Titrations with EDTA are used extensively for the determination 
of calcium and/or magnesium hardness in water analysis; procedural details are 
„iven elsewhere.- 3 For applications in the titrimetric determination of many other 
cations, see the treatise by Welcher -* and the literature references given therein. 


u i^ OXIDATION-REDUCTION (REDOX) METHODS - 5 

Oxidation-reduction methods depend upon the transfer of (one or more) elec- 
trons from the reducing agent to the oxidizing agent. The substance titrated must 
all be in a reduced form for titration by an oxidant, or all in an oxidized form for 
titration by a reductant. Therefore, a preliminary oxidation or reduction may 
be required prior to titration; for preliminary redox methods, see Ayres or 
Laitinen.'- 7 

Indicators.- 8 — A few oxidants, notably potassium permanganate and iodine, can 
act as their own indicators. Certain organic compounds can undergo oxidation 
or reduction, accompanied by a change of color which occurs at a definite poten- 
tial. For a given titration, a redox indicator should be selected which has a reclox 
potential diat coincides with, or is very close to, the equivalence point potential 
of the titration system; some latitude of choice is permissible because the potential 
of most redox titration systems changes very rapidly around the equivalence point. 
The reaction of most redox indicators is reversible; a few, for example, methyl red, 
methyl orange, and naphthol blue black, are irreversibly oxidized and decolorized 
by strong oxidants. Potentiometric detection of the end point in redox titrations 
is often used, but this method is beyond the scope of this treatment. Table 12-3 
lists several redox indicators, their color characteristics, and their transition po- 
tentials. 

Diphenylaminesulfonate (barium or sodium salt) and 1,10-phcnanthroline-ferrous 
complex (“ferroin”) are used frequently in titrations with potassium dichromate 
and cerium(fV) solutions. 

Diphenylaminesulfonate Indicator.— Prepare a 0.2% aqueous solution of barium 
or sodium diphenylaminesulfonate. Use five drops of indicator per 100 ml. of 
solution. The color of the oxidized indicator is purple. 

Ferroin” Indicator.— Prepare a 0.025 M aqueous solution of 1,10-phenanthroline 
ferrous perchlorate (mol. wt. 795), or 1,10-phenanthroline ferrous sulfate (mol. wt. 


33 Furman, N. Howell, Standard Methods of Chemical Analysis, 6th Ed., Vol. I, p. 270, 
U. van Nostrum! Co., Inc., Princeton, N. J., 1962. 

t elcher, F. J., I he Analytical Uses ot Ethylenediaminctelraacetic Acid, D. Van Nos- 
trand Co., Inc., Princeton, N. J., 1958. 

\n!t!°- 1 v compvehcnsiye treatment, see KolthoU, I. M.. and Belcher, R„ Volumetric 
" a X ’ I[I ’ lntcrsaencc Publishers, Inc., New York, 1957. 

York 1958 G ‘ H " C - unntitative Chemical Analysis, Chap. 23, Harper and Brothers, New 

1960. Lailmen ’ H ‘ A ” Ghemical An: »lysis, Chap. 18, McGraw-Hill Book Co., Inc., New York, 

V °'- C ^science Pub- 
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Murexide.— This compound, the ammonium salt of purpuric acid, has been used 
especially in the titration of calcium (red complex at pH about 10), cobalt, nickel, 
and copper (yellow complexes); the dye itself is violet to blue in alkaline solution. 

Calcein.— This is the trivial name for fluoresceiniminodiacetic acid, introduced 
by Diehl and EHingboe 22 for use in the titration of calcium ion with EDTA. At 
pH above 12, the calcium complex is yellow-green and the indicator is brown. 
Calcein also forms complexes with barium and strontium, but not with magnesium. 

Reagents. Standard Solution of Disodium-EDTA.— Disodium ethylenediamine- 
tetraacetate dih)drate (mol. wt. 372.2) is available in primary standard quality; 
hence a standard solution can be made by the direct method. Solutions f or various 
uses will vary in concentration from about 0.1 to 0.0 1 At. For use in determining 
hardness in water, the solutions are usually made so as to have a simple integral 
titer of calcium or of calcium carbonate, e.g., 1.00 mg. of calcium carbonate per 
ml. of EDTA. Dissolve about 5 g. of disodium-EDTA dihydrate in about a liter 
of water; standardize against calcium as given below. 

pH 10 Buffer.— Dissolve 68 g. of ammonium chloride in 200 ml. of water; add 
570 ml. of concentrated ammonia, and water to make a liter. 

Standard Calcium Solution.— Dissolve 1.000 g. of pure calcium carbonate in the 
least amount of dilute hydrochloric acid. Make the solution barely alkaline with 
ammonia, and dilute with water to exactly 1 liter; 1.00 ml. equals 1.00 mg. calcium 
carbonate or 0.400 mg. calcium. 

Eriochrome Black T Indicator.— Dissolve 0.5 g. of the dye and 5 g. of hydroxyl- 
amine hydrochloride in 100 ml. of alcohol. 

Murexide Indicator.— Prepare a fresh saturated aqueous solution (stable for 1 or 
2 days). Alternatively, mix die solid indicator with sodium chloride in a 1:100 
ratio, and grind intimately. 

Calcein Indicator.— Dissolve 2 g. of indicator in 25 ml. of 1 N sodium hydroxide, 
and dilute to 100 ml. Alternatively, grind 1 g. of indicator with 100 g. of potas- 
sium chloride, or 1 g. of indicator with 10 g. of charcoal and 100 g. of potassium 
chloride. 

Standardization of EDTA Solution . Using Eriochrome Black T.— ' Transfer 25.0 
ml. (pipet) of the standaid calcium solution to an Erlenmeyer flask, add about 25 
ml. of distilled water, 5 ml. of pH 10 buffer solution, two drops of 1% magnesium 
chloride solution, and five drops ol eriochrome black. T indicator. Titrate with 
the EDTA solution to the color change from wine-red to blue; no trace of purple 
color remains at the correct end point. Run a blank with water, buffer, magne- 
sium chloride, and indicator in the same amounts as in the titration, and subtract 
the amount of the blank. (If the EDTA solution is to be used only for titration 
of calcium in the absence of magnesium, add 0.1 g. of MgC^^H-jO to the EDTA 
solution before standardizing; the magnesium ion provides the indicator action, 
and no blank correction is necessary.) 

Using Murexide.— Transfer 25.0 ml. (pipet) of the standard calcium solution to 
an Erlenmeyer flask, add about 25 ml. of distilled water, 1 ml. of 6 M sodium 
hydroxide, and about 0.2 g. of murexide-sodium chloride indicator mixture (or 
five drops of fresh saturated solution). Titrate with the EDTA solution to the 
color change from pink to blue-violet. 

Using Calcein.— To 25.0 ml. (pipet) of the standard calcium solution add about 
75 ml. of distilled water, one or two drops of calcein indicator solution (or about 

22 Diehl, H., and Ellingboe, J. L.., Anal. Chem., 28, 882, 1956. 
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007 o- of the solid indicator— potassium chloride— charcoal mixture), and t> ml. of 
1 M s°odium hydroxide containing 1 g. of sodium cyanide per 100 ml. Titrate with 
the EDTA solution to the color change from yellow-green to brown. Vigorous 
stirring throughout the titration is necessary. Do not titrate under strong illumi- 
nation or under a fluorescent lamp. 

Applications.— Titrations with EDTA are used extensively for the determination 
of calcium and/or magnesium hardness in water analysis; procedural details are 
o-iven elsewhere.- 3 For applications in the titrimetric determination of many other 
cations, see the treatise by Welcher- 4 and the literature references given therein. 


OXIDATION-REDUCTION (REDOX) METHODS 

Oxidation-reduction methods depend upon the transfer of (one or more) elec- 
trons from the reducing agent to the oxidizing agent. The substance titrated must 
all be in a reduced form for titration by an oxidant, or all in an oxidized form for 
titration by a reductant. Therefore, a preliminary oxidation or reduction may 
be required prior to titration; for preliminary redox methods, see Ayres -« or 
Laitinen. 37 

Indicators.'- 8 — A few oxidants, notably potassium permanganate and iodine, can 
act as their own indicators. Certain organic compounds can undergo oxidation 
or reduction, accompanied by a change of color which occurs at a definite poten- 
tial. For a given titration, a redox indicator should be selected which has a redox 
potential that coincides with, or is very close to, the equivalence point potential 
of the titration system; some latitude of choice is permissible because the potential 
of most redox titration systems changes very rapidly around the equivalence point. 
The reaction of most redox indicators is reversible; a few, for example, methyl red, 
methyl orange, and naphthol blue black, are irreversibly oxidizetl and decolorized 
by strong oxidants. Potentiometric detection of the end point in redox titrations 
is often used, but this method is beyond the scope of this treatment. Table 12-3 
lists several redox indicators, their color characteristics, and their transition po- 
tentials. 

Diphenylaminesulfonate (barium or sodium salt) and 1,10-phenanthroliue-ferrous 
complex (“ferroin”) are used frequently in titrations with potassium dichromate 
and cerium(IV) solutions. 

Diphenylaminesulfonate Indicator.— Prepare a 0.2% aqueous solution of barium 
oi sodium diphenylaminesulfonate. Use five drops of indicator per 100 ml. of 
solution. The color of the oxidized indicator is purple. 

Ferroin” Indicator.— Prepare a 0.025 M aqueous solution of 1,10-phenanthroline 
ferrous perchlorate (mol. wt. 795), or 1,10-phenanthroline ferrous sulfate (mol. wt. 


23 Furman, N. Howell, Standard Methods of Chemical Analysis, 6th Ed., Vol. I, p. 270, 
U. \an Nostrand Co., Inc., Princeton, N. [., 1962. 

-MVelcher, F. J., The Analytical Uses of Ethylenediaminetetraacetic Acid, D. Van Nos- 
trand Go., Inc., Princeton, N. J„ 1958. 

, a comprehensive treatment, see Koltholf, I. M„ and Belcher, R., Volumetric 
analysis, \ol. Ill, Interscience Publishers, Inc., New York, 1957. 

York A 1958 H " Q uantitative Chemical Analysis, Chap. 23,' Harper and Brothers, New 
l%0. UUinen ’ H ' A ” Che,nical Anal ysh, Chap. 18, McGraw-Hill Book Co., Inc., New York, 


- b Koltholf, I. M„ and Stenger, V. A., 
ushers, Inc., New York, pp. 105-141, 1942.* 


Volumetric 


Analysis, Vol. 


I, Interscience Pub- 
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filter through fritted glass. 31 Alternatively, make up a large amount (e.g., carboy) 
of solution at room temperature and store in the dark for several weeks or months; 
siphon off the solution and filter through a glass frit in preparation for stand- 
ardization. Store in a dark bottle. A stock solution should be restandarclized 
from time to time; if any manganese dioxide has formed, filter before restandard- 
izi U (r, Preparation of a dilute standard solution by volumetric dilution of a more 
concentrated one with ordinary distilled water should not be practiced, on account 
of the presence of reducing substances in the water. 

Standardization.— Primary standard sodium oxalate and arsenic(lll) oxide are 
available from National Bureau of Standards and from chemical supply firms. 
Iron wire, ferrous ammonium sulfate hexahydrate, and oxalic acid dihydrate find 
some use as secondary standards. 

Against Sodium Oxalate (Na 2 C 2 0 4 , mol. wt. = 134.01; equiv. wt. = 67.00).— This 
is the best primary standard for permanganate. Dry the solid at 105°C. Pour 
50 ml. of concentrated sulfuric acid slowly and with good stirring into 950 ml. of 
distilled water; boil the solution for 10 to 15 minutes, then cool to room tempera- 
ture. For standardization of 0.1 N permanganate, accurately weigh about 0.3 g. 
of the dry sodium oxalate and dissolve it in 250 ml. of the dilute sulfuric acid. 
Add about 90% of the expected volume of permanganate solution, with gentle 
stirring. Let stand until the permanganate color disappears (30 to 60 sec.) then 
heat the solution to about 60°C. and complete the titration to a faint pink color 
that persists for 30 seconds. The last milliliter or so of the permanganate should 
be added dropwise, allowing each drop to be decolorized before adding the next. 
Determine the blank using 250 ml. of the dilute sulfuric acid at 60°C. The blank 
usually amounts to 0.05 ml. or less. 

Against Arsenic(III) Oxide (As.,0.,, mol. wt. = 197.82; equiv. wt. = 49.455).— Dry 
the primary standard at 105°C. To an accurately weighed 0.2-g. sample of dry 
standard add 10 ml. of 5 M sodium hydroxide solution; stir until the solid is com- 
pletely dissolved, add about 100 ml. of distilled water, 10 ml. of concentrated 
hydrochloric acid, and one drop of 0.025 M potassium iodate or potassium iodide 
(catalyst). 3 - Titrate with potassium permanganate, dropwise near the end, to the 
first pink color permanent for 30 seconds. Run a blank, using the same amounts 
of alkali, water, acid, and catalyst as in the titration. 


POTASSIUM DICHROMATE METHODS 
As a titrimetric oxidant, the half-reaction equation for dichromate is: 

Cr 2 0 7 = + 14H+ + 6e~ -> 2Cr +++ -f 7H 2 0, E° = 1.36 v. 

Potassium dichromate is a slightly weaker oxidizing agent than permanganate, 
which is advantageous for titrations in hydrochloric acid solution; it has the further 
advantages of being a primary standard, and of great stability of the solution. 
Because of the color of the reduced form (Cr+ + +, green), a redox indicator is 
required. 

Preparation of Stayidard Solution .— Primary standard potassium dichromate is 
available from National Bureau of Standards. For ordinary use, analytical reagent 

- Manganese dioxide is easily removed from the glass frit, after use, by treatment with 
reVse §Cn pei '° Xlde contaimn S a smal l amount of nitric acid; wash the frit well before 

as a "analyst^ VeI '* 2 tU ° PS ° £ °' 01 M sollUion oC osniiu m tetroxide solution can be used 
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Table 12-3. Redox Indicators 30 


Indicator 

Color 

E°, v. 

Reduced 

Oxidized 

Indigo monosulfonate 

Colorless 

Blue 

, 0.26 

Phenosafranine 

Colorless 

Blue 

0.28 

Methylene blue 

Colorless 

1 Green -blue 

1 0.36 

l-NaphthoI-2-sulfonic acid indophenol 

Coloriess 

Red 

1 0.54 

3,3'-Dimethyinaphthadine 

Colorless 

Red-purple 

0.71 

Diphcnylamine 

Colorless 

Violet 

0.76 

3,3'-Dimethylnaphthadine sulfonate 

Colorless 

Red-purple 

0.80 

Diphcnylamine sulfonic acid 

Colorless 

Violet 

0.84 

N,N'-Tetramethylbenzidine-3-sulfonic acid 

Colorless 

Yellow 

0.88 

Ferrous 2,2 / -bipyridine sulfate 

Red 

Blue 

0.97 


Red 


1.00 

Ferrous 5-methyM,10-phenanthroline sulfonate. . . 

Red 

Blue 

1.02 

Ferrous l,10-phenanthroline(ferroin) 

Red 

Blue 

1.06 

p-Nitrodiphenylaminc 

Colorless 

Violet 

1.06 

Ferrous 5-nitro-l,10-phenanthroIine(nitroferroin). . 

Red 

Blue 

1.25 

Ruthenium tridipyridine dichloride 

Colorless 

Yellow 

1.33 


39 Taken from Ayres, G. H., Quantitative Chemical Analysis, Harper and Brothers, New 
York, p. 417, 1958. Used by permission of the publisher. 


692).-'“ The analyst will find that the reduced form is an intense red, wlieieas the 
oxidized form is a very pale blue. 

POTASSIUM PERMANGANATE METHODS 

Although potassium permanganate can undergo several different reductions, it 
is most commonly used in acid solution under conditions that give x eduction to 
manganese(II): 

MnO*- + 8H+ + 5e -> Mn ++ + 4H 2 0, E° = 1.51 v. 

In neutral solution permangante slowly decomposes, and it is also reduced by dust, 
organic matter, etc., in the water; the manganese dioxide formed by these reactions 
catalyzes the further decomposition of the permanganate. Permanganate solutions 
must be prepared empirically and then standardized. 

Preparation of Solution .— For each liter of 0.1 N solution to be prepared, use 
about 3.2 g. of potassium permanganate. Dissolve the desired amount of the salt 
in water, and boil the solution for one-half hour; allow to stand for 24 hours, then 

28 Obtainable as solids, or piepared in solution, from G. Frederick Smith Chemical Co., 
867 McKinley Ave., Columbus 22, Ohio. 
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filter tlirough fritted glass. 31 Alternatively, make up a large amount (e.g., carboy) 
of solution at room temperature and store in the dark for several weeks or months; 
siphon off the solution and filter through a glass frit in preparation for stand- 
ardization. Store in a dark bottle. A stock solution should be restandardized 
from time to time; if any manganese dioxide has formed, filter before restandard- 
izino’. Preparation of a dilute standard solution by volumetric dilution of a more 
concentrated one with ordinary distilled water should not be practiced, on account 
of tire presence of reducing substances in the water. 

Standardization.— Primary standard sodium oxalate and arsenic(lll) oxide are 
available from National Bureau of Standards and from chemical supply firms. 
Iron wire, ferrous ammonium sulfate hexahyclrate, and oxalic acid dihydrate find 
some use as secondary standards. 

Against Sodium Oxalate (NaoCLO^, mol. wt. = 134.01; equiv. wt. = 67.00).— This 
is the best primary standard for permanganate. Dry the solid at 105°C. Pour 
50 ml. of concentrated sulfuric acid slowly and with good stirring into 950 ml. of 
distilled water; boil the solution for 10 to 15 minutes, then cool to room tempera- 
ture. For standardization of 0.1 N permanganate, accurately weigh about 0.3 g. 
of the dry sodium oxalate and dissolve it in 250 ml. of the dilute sulfuric acid. 
Add about 90% of the expected volume of permanganate solution, with gentle 
stirring. Let stand until the permanganate color disappears (30 to 60 sec.) then 
heat the solution to about G0°C. and complete the titration to a faint pink color 
that persists for 30 seconds. The last milliliter or so of the permanganate should 
be added dropwise, allowing each drop to be decolorized before adding the next. 
Determine the blank using 250 ml. of the dilute sulfuric add at 60°C. The blank 
usually amounts to 0.05 ml. or less. 

Against Arsenic(III) Oxide (As^O.j, mol. wt. = 197.82; equiv. wt. = 49.455).— Dry 
die primary standard at 105°C. To an accurately weighed 0.2-g. sample of dry 
standard add 10 ml. of 5 M sodium hydroxide solution; stir until the solid is com- 
pletely dissolved, add about 100 ml. of distilled water, 10 ml. of concentrated 
hydrochloric acid, and one drop of 0.025 M potassium iodate or potassium iodide 
(catalyst). 3 - Titrate with potassium permanganate, dropwise near die end, to the 
first pink color permanent for 30 seconds. Run a blank, using the same amounts 
of alkali, water, acid, and catalyst as in the titration. 


POTASSIUM DICHROMATE METHODS 

As a titrimetric oxidant, the half-reaction equation for dichromate is; 


Cr,Or + 14H+ -f- 6e~ 2Cr+ + + + 7H.O, E° = 1.36 v. 


Potassium clichromate is a slightly weaker oxidizing agent than permanganate, 
which is advantageous for titrations in hydrochloric acid solution; it has the further 
advantages of being a primary standard, and of great stability of the solution. 
Because of the color of the reduced form (Cr+ + +, green), a redox indicator is 
required. 

Preparation of Standard Sohifion.-Primary standard potassium dichromate is 
available from National Bureau of Standards. For ordinary use, analytical reagent 


31 Manganese dioxide is easily removed from the glass frit, after use, by treatment with 
reuse >l>en peroxice containin o a small amount of nitric acid; wash the frit well before 

as °a catalyst UVd> ’ 2 d ‘° pS ° f °' 01 M solluion of osmium tetroxide solution can be used 
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grade potassium dichromate in fine crystals is satisfactory. If the purity is in doubt, 
recrystallize three times from water. The solid should be dried at 150° to 200° C. 
For a liter of exactly 0.1 N solution, weigh 4.904 g. of pure standard (K 2 Cr 2 0 It mol. 
wt. = 294.22; equiv. wt. = 49.035), dissolve in and make up to volume with distilled 
w'ater. If desired, the normality of an empirically prepared solution may be deter- 
mined by standardization against arsenic(III) oxide, 33 or against a like material 
(e.g., NBS iron ore if the dichromate is to be used for the determination of iron). 
In the titration of iron(U), use five drops of diphenylaminesulfonate indicator, and 
titrate to the color change from green (Cr+ + +) to purple of the oxidized indicator. 

CERIUM(IV) METHODS 34 

The simple half-reaction Ce 4 * -j- e _ ^iCe 3 + docs not represent the true situation 
in solution on account of complex formation of cerium(IV), and to some extent of 
cerium(III), with various anions as well as with water. The redox potential varies 
from about 1.3 v. to about 1.9 v., depending upon the anion present and the acid 
concentration. Solutions of cerium(HI) are colorless; although the yellow-orange 
color of cerium(IV) can be used as a self-indicator, titrations with cerium(IV) are 
generally made with an indicator, such as ferroin or nitroferroin. Only one reduc- 
tion product is possible. Cerium(IV) can be used with solutions up to 3 M in 
hydrochloric acid; acidified sulfate solutions can withstand prolonged boiling with- 
out loss of oxidizing capacity. 

Preparation of Solution.— Ammonium hexanitratocerate(IV) is available in pri- 
mary standard purity, and can be used for preparation of a direct standard solution. 
If nitrate ion cannot be tolerated in its intended use, it can be removed by fuming 
down with sulfuric acid. Empirical solutions can be made by dissolving cerium(IV) 
oxide or sulfate, or ammonium trisulfatocerate(IV) in sulfuric acid sufficient to give 
a final solution about 0.5 to 1 AT in sulfuric acid. 

Direct Standard Solution.— Dry the primary standard ammonium hexanitratoce- 
rate(IV) at 85°C. for 4 to 6 hours. For a liter of exact 0.1 N solution, weigh out 
54.83 g. of the dry (NH 4 ) 2 Ce(NO 3 ) 0 (mol. wt. and equiv. wt. = 548.2G), add 55 ml. 
of concentrated sulfuric acid, and stir for 2 minutes. Add 100 ml. of distilled 
water gradually over several minutes, without stirring. Repeat the addition of 100 
ml. of water, with good stirring, several more times. When dissolution is complete, 
transfer to a l-liter flask and dilute to volume. 

Empirical Solution.— For a liter of 0.1 N solution, use about 17 g. of Ce0 2 , or 
33 g. of Ce(S0 4 ) 2 , or 50 g. of (NH 4 ) 2 Ce(S0 4 ) 3 -2H 2 0. Dissolve the solid in sulfuric 
acid as described above for the direct standard solution, and dilute to about a 
liter. Standardize by one of die mediods given below. 

Standardization. Preparation of Catalyst, a. Iodine Monochlonde . 35 — To 20 
ml. of 0.025 At potassium iodate add 25 ml. of 0.04 At potassium iodide and 40 ml. 
of concentrated hydrochloric acid. Add 5 to 10 ml. of carbon tetrachloride, and 
either more iodate or more iodide (dropwise) as needed until the carbon tetra- 
chloride, after good shaking and settling, has only a barely perceptible pink color 
of free iodine. The aqueous solution is about 0.017 M in iodine monochloride, 
IC1. b. Osmium Tetroxide. Prepare a 0.25% (about 0.01 At) solution of osmium 
tetroxide (osmic acid) in 0.1 At sulfuric acid. 

33 Willard, H. H., and Young, P., Ind. Eng. Chem., Anal. Ed., 7, 57, 1935. 

s * I or an excellent survey of cerium(l V) oxidimetry , see Laitinen, H. A., op. cit. 

35 Willard, H. H., and Young, P., J. Am. Chem. Soc., 50, 1322, 1928; 55, 3260, 1933. 
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OoS M farcin indicator and titrate with the cerium(lV) solutton to the color 
change from red to pale blue or colorless, with no return of the pmk color within 
1 minute. Titration without a catalyst can be made as follows: dissolve the sodium 
oxalate in 200 ml. of 1:10 (by volume) hydrochloric acid. Heat the solution o 
70°C. and titrate to the first faint permanent yellow color of excess cenum(ly). 
Run a blank on 200 ml., of water containing 1 ml. of concentrated sulfuric acid; 
heat to 70° C. and titrate to the same color. The blank is usually about 0.05 ml. 


of 0.1 N solution. 

Standardization Against Arsenic(III) Oxide (As 2 0 3 , mol. wt. - 197.8-; eqim. 
wt. = 49.455) .-Dissolve die dry, weighed primary standard (about 0.2 g.) in 10 ml. 
of 1 N sodium hydroxide, add 50 ml, of 1 N sulfuric acid, three drops of osmium 
tetroxide catalyst, and one or two drops of ferroin indicator. Titrate, slowly near 
die end, until die red color is discharged. 


IODINE METHODS 

* The half-reaction L, + 2e~ ^ 2I~, or more correctly 

I 3 ~ + 2e“ <=> 31“ E° = 0.5355 v. 

can be used analytically in either direction. Strong reductants can be titrated 
directly with iodine solution (iodimetry), and strong oxidants can be determined 
indirectly by oxidation of iodide to free iodine which is titrated with sodium 
thiosulfate solution (iodometry). The principal sources of error are air oxidation 
of iodide (which is catalyzed by many substances), and loss of iodine by vola- 
tilization. 

Indicators— Starch imparts a deep-blue color to iodine solution even at very low 
concentration (10~ 5 N); however, no color develops in aqueous solutions near the 
boiling point, or in solutions containing a high concentration (e.g., 50% or more) 
of edianol, and starch cannot be used in strongly acidic solutions. In indirect 
iodine methods the starch indicator should not be added until most of the iodine 
has been reduced. Starch indicator should be freshly prepared, or stabilized by 
addition of a preservative such as mercuric iodide or formamide. A water-immisci- 
ble organic liquid, such as carbon tetrachloride or chloroform, can often be used 
ach antageously as indicator, a distinct pink color is imparted to the organic phase 
by a very low concentration of iodine. 

Preparation of Starch Indicator.-Mix 2 g. of soluble starch with cold water to 
form a thin, smooth paste. Pour the paste into a liter of boiling water, and boil 
for a few minutes if necessary to clarify the solution. To the hot solution add a 
few milligrams of mercuric iodide as a preservative. The solution is stable for 
long periods, but it should be discarded if it gives with iodine a violet or red color 
instead of the characteristic deep-blue color. 

Iodine Solution.— Although a direct standard solution can he prepared from re- 
sublimed iodine, the method is inconvenient on account of the technique required 
in weighing and transferring without loss of iodine by volatilization. It is cus 
tomary to prepare an approximate solution which is then standardized 
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Preparation of 0.1 N Solution.— Weigh roughly 13 g. of analytical reagent re- 
sublimed iodine (equiv. wt. = 126.91) and 40 g. of potassium iodide (free from 
iodate) and transfer to a mortar. Grind the solids under about 50 ml. of distilled 
water, pour oft the solution into a bottle, and repeat the operation until the solids 
are all dissolved. Dilute to about a liter, and mix thoroughly. Store in a dark 
bottle, preferably of resistance glass if long storage is anticipated. It is advisable 
to let the solution stand for 24 hours or so, with occasional shaking, to ensure 
complete dissolution of the iodine before standardization. 

Standardization Against Arsenic(III) Oxide (As-,0 3 , mol. wt. = 197.82; equiv. 
wt. = 49.455).— Primary standard arsenic(IIl) oxide, available commercially or from 
the National Bureau of Standards, is die best standard for iodine solution. Dry die 
solid at 105®C. Accurately weigh about 0.2 g. of die dry standard into an Erlen- 
me)er flask; dissolve die solid in 10 ml. of 1 N sodium hydroxide then add 10 to 
12 ml. of 1 N sulfuric acid. Dissolve I g. of sodium bicarbonate in about 50 ml. 
of water, and slowly add the bicarbonate solution to the arsenite solution. Add 
5 ml. of starch indicator solution, and titrate with the iodine solution to the 
appearance of the first permanent blue color. A fading end point is due to insuf- 
ficient bicarbonate; in that e\ent, add more bicarbonate and complete the titration. 
As an alternative to the use of separate weighed samples of primary standard, 
measured aliquots of a standard arsenite solution, prepared from primary standard 
As 2 0 3 , can be titrated, in solution buffered with sodium bicarbonate. 

Thiosulfate Solution .— Pure sodium thiosulfate pentahydrate can be prepared by 
several recrystallizations from water, followed by drying in air and then over 
deliquescent calcium chloride hexah)drate. The pure hydrate of sodium thio- 
sulfate is stable over a wide range of relative humidity. Although preparation 
of a direct standard solution is possible, this would require availahility of a large 
quantity of the pure material. The solution is therefore usually prepared em- 
pirically and then standardized. Often it is convenient to have iodine and thio- 
sulfate (or arsenite) solution that have been standardized independently, and the 
standardizations checked by making a direct comparison titration of the iodine 
solution by the thiosulfate (or arsenite) solution. 

Preparation of 0.1 N Solution.— In a large flask, boil about a liter of distilled 
water for several minutes; 36 stopper the flask and cool the water to room tempera- 
ture. Dissolve about 25 g. ol Na 3 2 0 3 -5H 2 0 (mol. wt. and equiv. wt. = 248.21) in 
the water, add 1 g. of sodium carbonate, and mix thoroughly. 

Standardization.— Several different substances are suitable primary standards: 37 
iodine, potassium iodate, potassium bromate, potassium hexacyanoferrate(II), po- 
tassium dichromate, metallic copper, copper sulfate hexah)drate, etc. The choice 
may be one of convenience or availability, or may be based on the determination 
for which the thiosulfate is to be used. 

Against Potassium Iodate (A70 3 , mol. wt. = 214.01; equiv. wt. = 35.67).— Analyt- 
ical reagent potassium iodate is a satisfactory standard; dry it at 160° to 180*0. 
Transfer the accurately weighed sample, about 0.15 g., to an Erlenme>er flask; dis- 
solve the solid in about 50 ml. of recently boiled and cooled distilled water. Add 

3<> Boiling the water serves to (1) remove dissolved oxjgen to decrease the ovjgen error; 
(2) remove carbon dioxide, which causes slow disproportionation of the thiosulfate; (3) 
destroy microorganisms that decompose thiosulfate. Addition of a small amount of alkali 
(sodium carbonate) also retards bacterial action. 

37 Kolthoif, I. M., and Belcher, R., Volumetric Analvsis, Vol. Ill, Interscience Publishers, 
Inc., New York, pp. 234-243, 1957. 
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4 a of potassium iodide, and when it has dissolved add a solution of 1 ml. of 
concentrated hydrochloric acid in 15 ml. of water. Titrate the liberated iodine at 
once with the thiosulfate solution until the yellow color is almost discharged, then 
add 5 ml. of starch indicator solution and complete the titration just to the dis- 
appearance of blue color. Run a blank, using the same amount of potassium 
iodide, hydrochloric acid, water, and indicator. 

Against Metallic Copper (Cm, at. wt. and equiv. lot. = <53.5-/).-C!ean the super- 
ficial corrosion from electrolytic copper foil by short treatment with dilute nitric 
acid; wash well, and dry thoroughly. Accurately weigh samples of about 0.25 g. 
Dissolve the metal in dilute nitric acid, and boil down to incipient crystallization. 
Take up in about 20 ml. of water, carefully add dilute ammonia until present in 
slight excess, then acidify with acetic acid. Dilute to about 100 ml., add 4 g. of 
potassium iodide, and titrate the liberated iodine with thiosulfate until the yellow 
color is almost discharged. Add 2 g. of potassium thiocyanate and 5 ml. of starch 
indicator, and complete the titration dropwtse to disappearance of the blue color. 

DETERMINATION OF WATER BY KARL FISCHER 

METHOD 3S . 38 - 40 

The direct determination of water by titration with Karl Fischer reagent (KFR), 
which contains iodine, sulfur dioxide, pyridine, and methanol, finds wide use. 
The overall reaction can be represented as 


HoO + CsHsN-SOo + C5H5NT0 + C s H 5 N + ROH-*C 5 H 6 N(H)SO.,R + 2C 5 H 5 N-HI 


For further details of the use of this reagent, see Chapter 21 on The Determina- 
tion of Water. 

Preparation of Karl Fischer Reagent .— The reagent generally favored contains 
iodine, sulfur dioxide, and pyridine in a mole ratio 1:3:10, diluted with methanol 
(or with methyl “Cellosolve”) so that 1 ml. of reagent solution reacts with 3 to 4 
mg. of water. Preparation according to Smith, Bryant, and Mitchell n is as fol- 
lows: To a dry 1-liter glass-stoppered bottle transfer 84.7 g. (0.33 mole) of iodine 
and 269 g. (3.3 moles) of dry pyridine (less than 0.1% water). Shake to dissolve 
the iodine, then add 667 ml. of anhydrous methanol (less than 0.1% water). Sev- 
eral days before the reagent is needed, cool the stock solution in an ice bath. Col- 
lect 64 g. (44.5 ml., 1 mole) of anhydrous liquid sulfur dioxide in a cold trap im- 
mersed in solid carbon dioxide and protected from atmospheric moisture. Add the 
liquid sulfur dioxide slowly to the cold stock solution, and mix by shaking. Stop- 
per the mixture, let it come to room temperature, and allow it to stand a few 
days before using. The reagent is best used in an all-glass automatic buret and 
gravity-fill or vacuum-fill reservoir protected with drying tubes. Closed titration 
systems provided with magnetic stirring are often used, although glass-stoppered 
volumetric flasks are satisfactory for rapid titration with visual end-point detection 

Because of side reactions, the KFR decreases in strength with a<4. Most of the 


\oTk!l948 eU ’ J ” J1 '’ a,Kl SmUh ’ D * M " A T ia,nctl T> Interscience Publishers, Inc., New 

39 Kolthoff, I. M., and Belcher, R„ Volumetric Analysis, Vol. Ill CInn r\' im.™- 
Publishers, Inc., New York, 1957. * ’ P ' 1X * Intei science 

4° Mitchell, J„ Jr., in Treatise on Analytical Chemistry, I. M. Kolthoff and p t pi„; 
Fd., Part II, Vol. 1, Interscience Publishers, Inc., New York pp 8 9 -95 iqfii ' E vln S’ 

19 $ 9 SmUh * M -> Bl >' ant * W ‘ M - D - and Mitchdl, J„ Jr., J Am. Chem Soc., 61, 2407, 
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change occurs in the first 2 or 3 days, and after a week the strengdi changes about 
\% per day. A freshly prepared solution should be allowed to stand for at least 
24 hours (preferably a few days) before being standardized, and the reagent should 
be restandardized once or twice each day it is used. A reagent containing ail com- 
ponents except sulfur dioxide is more stable and less hygroscopic than the complete 
reagent; sulfur dioxide is added to the stock solution a few days before the re- 
agent is needed. 

Standardization. Against Water-Methanol Solution.— Accurately weigh about 15 
g. of distilled water into a dry 1-liter volumetric flask, dilute to the mark with 
anhydrous methanol, and mix thoroughly. Glass-stoppered 100-ml. volumetric 
flasks stored in a desiccator are convenient titration vessels. Titrate several 10-ml. 
aliquots of water-methanol solution with the KFR; also titrate several 10-ml. por- 
tions of anhydrous methanol to obtain die blank correction. The water-methanol 
solution is stable if protected from evaporation, and it can be used for back titra- 
tion of KFR if desired. 

By reaction with water, the dark-brown color of iodine in the KFR changes to 
a canary-yellow color; the end-point color change from yellow to red-brown of 
excess iodine is sharp and reproducible. Electrometric end points are more sensi- 
tive than the visual; the "dead-stop” method, and the potentiometric method using 
platinum-tungsten bimetallic electrodes, are commonly employed. 

Against Pure Water.— Place about 25 ml. of anhydrous methanol in the titration 
flask and titrate with KFR. From a weight buret accurately weigh about 150 mg. 
of water into the titrated methanol, and again titrate with KFR. 

Several stable crystalline hydrates have been proposed as standards for water. 

Determination of Water .— The sample is dissolved or suspended in anhydrous 
methanol and titrated with KFR as in the standardization. Parallel titration of 
a standard water sample should be made, as well as a blank on the methanol; 
apply the blank correction to both standard and sample. Several substances inter- 
fere witli the determination; for details, consult the general references given for 
this section. For further details on the use of this reagent, see Chapter 21 on The 
Determination of Water. 


IODATE METHODS 4213 

The reaction of potassium iodate as an oxidant is markedly influenced by the 
nature of the reducing agent and by the solution medium. In the presence of 
3 to 9 M hydrochloric acid and strong reducing agents, the reaction proceeds 
through the formation of iodine monochloride, IC1, or its chloro-complex, IC1 2 . 
The iodine formed in the early stages of titration is oxidized by the iodate to form 
iodine chloride. The overall half -reaction may be represented by 

IO a - + 6H+ + 2Cr + 4c~ <=i IC1 2 - + 3H 2 0 
and die equivalent weight of potassium iodate is KIO a /4 = 53.502. The end 
point in the titration is the disappearance of the iodine color in an immiscible 
solvent such as carbon tetrachloride or chloroform, or the decolorization of cer- 
tain organic compounds, often irreversibly, by the first excess of iodate. Many 
reducing agents can be determined by iodate titration in strong hydrochloric 
acid solution. In addition, the reaction 


*3 Jamieson, G. S, Volumetric Iodate Methods, Reinhold Publishing Corn, New York, 
1926. 


43 KohhofF, I. M , and Belcher, R., op. cit.. Chap. X. 
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I0 3 ~ + 51" + 6e — > 3Io + 3HoO 

is quantitative with respect to any one of the three reactants when the other two 
are present in excess. The reaction can be used for the generation of iodine in 
situ In this reaction the equivalent weight is KIO a /6 = 35.67. 

Preparation of Standard Solution.- Analytical reagent potassium lodate is suit- 
able for direct use after drying at 160° to 1S0°C. Weigh the appropriate amount 11 
of the dry solid and make to volume with distilled water. 


BROMATE METHODS 15 

The reaction of bromate, which is a strong oxidant, in acicl solution gives 
bromide ion, which is then oxidized by more bromate to give free bromine; the 
overall reaction can be represented by 

Br0 3 - + 5Br~ + 6H+ -> 3Br 2 + 3H 2 0 

Since bromine is itself a good oxidizing agent, a solution of potassium bromate is 
a convenient source of in situ generation of an equivalent amount of bromine. 
The end point in titrations is the first appearance of free bromine, detected by 
the irreversible decolorization of certain dyestuffs such as methyl orange or naph- 
thol blue black, or by reversible indicators such as a-naphthoflavone, p-e thoxy- 
chrysoidine, or quinoline yellow. Potassium bromate is ajiplicable to the titri- 
metric determination of a large number of inorganic compounds. Bromate-bro- 
rnide mixtures are used for the titrimetric bromination (substitution) of many or- 
ganic compounds, such as aniline, phenols, 8-quinolinol, etc. The method is 
applicable also to the determination of unsaturation in organic compounds by 
addition of bromine to double bonds. 48 

Preparation of Standard Solution (. KBrO z , mol. ivt. = 167.02; eqitiv. zut. = 27.81). 
-Analytical reagent potassium bromate is a suitable primary standard; it should 
be dried at 180°C. For preparation of a liter of exact 0.1 N solution, weigh 2.7-18 
g. of the pure dry compound, and make to volume with water. 


14 F 01 a liter of exactly 0.1 A solution, take 5.350 g. for use in strong hydrochloric acid 
chl ° rK ' e ™' 0n; as a source of iodine, take 3.567 g. A solution which 
is 0.1000 A m strong hydrochloric acid is 0.1500 A' as a source of iodine; or, a solution 
which is 0.1000 N as a source of iodine is 0.0667 A' for use in strong hydrochloric acid 
io KoltholE, I. M., and Belcher, R., op. cit., Chap. XII 

Inc.New Yotk, 1956 JUnSniCke1 ’ J ' U “ 0l » anic Anal > sis * VoL 3 > Interscience Publishers, 
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ACID-BASE TITRATIONS 
IN NONAQUEOUS SOLVENTS 

By James S. Fritz 

Department of Chemistry and Institute for Atomic Research 
Iowa State University 
Ames, Iowa 


Introduction.— Acid-base titrations represent a general and valuable method for 
determining organic compounds having pronounced acidic or basic properties. 
Titration of such compounds in water is limited in scope, however, due to slight 
solubility and because in many cases their acidic or basic strength is too slight to 
give a sharp end point. Titration in nonaqueous solvents permits accurate de- 
termination of literally hundreds of acids and bases which cannot be titrated satis- 
factorily in water or alcohol-water mixtures. Good methods are now available for 
titration of most aromatic, aliphatic, and heterocyclic amines as bases and for the 
titration of carboxylic acids, acid anh)drides, enols, imides, and phenols and even 
alcohols as acids. Many organic and inorganic salts can be titrated, some as acids 
and others as bases. 

Although the history of acid-base titrations in nonaqueous solvents dates back 
at least sixty years, the bulk of analytical papers on this subject are of recent 
publication. Unlike many recent analytical developments, diis method is quite 
simple and requires no elaborate equipment. Indeed titration in nonaqueous sol- 
vents possesses the virtues of an ideal analytical method; speed, accuracy, and sim- 
plicity of technique and equipment. 

Acid-base titrations in either water or nonaqueous media are general and do 
not ordinarily differentiate between different types of acids or bases. Although 
a widely applicable method of this type is valuable, it would be useful to make 
the method more selective in certain instances. This has been accomplished in 
the analysis of amine mixtures. Tertiary amines can be determined in the pres- 
ence of primary and secondary amines after acetylation in acetic anhydride-acetic 
acid solution. Secondary amines can be determined in the presence of primary 
amines by first treating the mixture with salicylaldehyde. 

DETERMINATION OF AMINES 

This procedure can be used to determine aliphatic and aromatic amines and 
basic nitrogen heterocyclic compounds. The presence of electron-withdrawing 
groups in an aromatic ring weakens the basic strength of the amine and may pre- 
vent its successful titration. Any of the monochloroanilines can be titrated, m- 
278 
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Nitroaniline can be titrated; p-nitroaniline can be titrated potentiometrically, al- 
Soueh Ae potentiometric break is not very sharp. o-Nitroamline i. too weakly 
basic 8 to be titrated. Pyridine, quinoline and related compounds, oxazoles, and 
thiazoles can be titrated; but pyrroles, indoles and certain other nitrogen hetero- 
cyclic compounds cannot be determined as bases. f „ n „ 90/ 

' Reagents and Equipment . Perchloric Acid, 0.1 Af.-Add 8.5 ml. of 70 to 7_% 
perchloric acid to about 200 ml. of ACS grade glacial acetic acid in a Miter volu- 
metric flask. Add 25 g. of ACS grade acetic anhydride and stopper the flask. 
After 1 hour, dilute to volume with ACS glacial acetic acid. Standardize against 
potassium acid phthalate as described in the proceduie. _ 

Crystal Violet Indicator.— Dissolve 0.2 g. of crystal violet in 100 ml. of glacial 


acetic acid. 

Solvents.— Use ACS grade glacial acetic acid or the best available grade of nitro- 
methane or chlorobenzene. 

Titrimeter.— Use a pH meter on the millivolt scale or other direct-reading titri- 


meter. 

Electrodes.— Use an all-purpose glass indicator electrode. Use a fiber-type calo- 
mel reference electrode for titrations in nitromethane or acetic acid, and a sleeve- 
type calomel electrode for titrations in chlorobenzene. Keep electrodes in water 
when not in use. Wipe the water from the electrodes with paper tissues before 
using. 

Procedure.— Dissolve a sample containing 0.4 to 1.0 milliequivalents of amine in 
25 ml. of acetic acid, nitromethane, or chlorobenzene and titrate using a 10-ml. 
buret. Alternatively use a sample containing 2 to 4 milliequivalents of amine and 
titrate using a 50-ml. buret. Add one or two drops of crystal violet indicator and 
titrate potentiometrically with 0.1 N perchloric acid, plotting tire potential in 
millivolts against the volume of titraut added. Note the indicator color at the 
point of maximum slope in the potentiometric curve. Subsequent titrations of 
tire same type sample may be carried out visually using this color to determine 
the end point. If tire visual color change is not sharp, carry out subsequent titra- 
tions potentiometrically. 

Standardize the perchloric acid titrant against primary standard-grade potassium 
acid phthalate. Dissolve dre potassium acid phthalate in glacial acetic acid with 
gentle boiling to effect solution. Titrate with perchloric acid as described above. 


DETERMINATION OF AMINO ACIDS 
Reagents and Equipment. Sodium Acetate, 0.1 A r .-Dissolve 8.2 g. of anhydrous 
sodium acetate in about 200 ml. of glacial acetic acid, heating if necessary to ef- 
fect solution. Cool and dilute to 1 liter. " 

Other reagents and equipment are described under “Determination of Amines ” 
Procedure.— Dissolve an amino acid sample containing 0.4 to 0.8 milliequivalent 
o^ basic mtrogen m exactly 10.00 ml. of 0.1 N perchloric acid. Alternatively dis- 
solve a sample containing 2 to 3 milliequivalents of basic nitrogen in exactly 50.00 
m of 0.1 A perchloric acid. Add one or two drops of crystal violet indicator and 
back-titrate die excess perchloric acid with 0.1 N sodium acetate. Take the 
permanent violet tinge of the indicator as the end point. The sodium acetate 

trodes° n S ° 6 Camed ° Ut P otentiometricall y using glass and calomel elec- 
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DETERMINATION OF WEAK TERTIARY AMINES 

Reagents and Equipment. Perchloric Acid, 0.1 iV.— Prepare a solution in glacial 
acid as described under “Determination of Amines." Standardize against potassium 
acid phthalate according to that same procedure. 

Triphenylmethanol Indicator.— Dissolve 0.1 g. of triphenylmethanol in 100 ml. 
of nitromethane. 

Solvents.— Use AGS grade acetic acid and acetic anhydride. Use the best avail- 
able grade nitromethane. 

Ti trimeter.— Use a pH meter on the millivolt scale or other direct-reading ti- 
trimeter. 

Electrodes.— Use an all-purpose glass indicator electrode and fiber-type calomel 
reference electrode. 

Procedure .— Dissolve a sample containing 0.4 to 1.0 milliequivalent of base in 
25 ml. of 4 to 1 nitromethane-acetic anhydride. If the sample is not readily solu- 
ble in this solvent mixture, dissolve instead in a small volume of acetic acid, heat- 
ing if necessary. Then add nitromethane-acetic anhydride. Titrate potentiomet- 
rically with 0.1 N perchloric acid, adding the titrant from a 10-ml. buret. Plot the 
potential in millivolts against the volume of titrant added; take tire point of 
maximum slope in the potentiometric curve as the end point. 

A solvent blank must he determined to correct for the titrant required to bring 
the solvent mixture to the equivalence point potential of the sample. This usually 
amounts to 0.01 to 0.05 ml. and is subtracted from the volume of perchloric acid 
required to titrate the sample. 

Many compounds can be titrated visually using two drops of triphenylmethanol 
indicator. To check whether this is possible for a given compound, first titrate a 
sample potcntiometrically with indicator added. If the color change coincides 
with the potentiometric end point, a visual titration of that compound is possible. 

DETERMINATION OF AMINE SALTS 

This procedure is applicable to the titration of amine salts, provided the salt 
can be dissolved in glacial acetic acid. Amine nitrates are titrated to form nitric 
acid as a neutralization product; amine sulfates are titrated to the bisulfate. 
Amine hydrohalides can be titrated only if mercuric acetate is added before ti- 
tration. 

Reagents and Equipment. 1,4-Dioxane.— To 1 liter of "purified” 1,4-dioxane, 
add about 15 g. of air-dried cation exchange resin (sulfonic acid type) in the hy- 
drogen form. Shake occasionally over a period of several hours. Filter off the 
resin and use the resulting solvent in the preparation of the perchloric acid titrant. 
(This treatment prevents the formation of a deep-brown color when perchloric 
acid is mixed with dioxane.) 

Perchloric Acid, 0.1 N .— Dissolve 8.5 ml. of 70 to 72% perchloric acid in 1 liter 
of 1,4-dioxane that has been shaken with ion exchange resin. Standardize the per- 
chloric acid by titration of primary standard grade potassium acid phthalate in 
glacial acetic acid (see Procedure under “Determination of Amines”). 

Mercuric Acetate.— Dissolve 6 g. of mercuric acetate in 100 ml, of hot glacial 
acetic acid and cool to room temperature. 

Titrimeter.— Use a pH meter on the millivolt scale or other direct-reading ti- 
trimeter. 
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Electrodes.— Use an all-purpose glass indicator electrode and a sleeve-type calo- 
mel reference electrode. If the calomel electrode becomes contaminated with met- 
curic acetate and causes erratic potential readings, remove the electrolyte, rins 
with water, then with saturated potassium chloride solution, and refill with satu- 
rated potassium chloride. 

Procedure.— Dissolve in 20 ml. of glacial acetic acid a finely powdered sam- 
ple that will require 4 to 9 ml. of 0.1 N perchloric acid for titration. Heat to dis- 
solve the sample if necessary. Alternatively dissolve a sample that will require 
9 0 to 40 ml. of 0.1 N perchloric acid for titration in 80 ml. of glacial acetic acid. 
If the salt is a hyclrohalide, add 2.5 ml. of mercuric acetate solution for each 20 
ml. of glacial acetic acid used to dissolve the sample. Titrate potentiometrically 
with 0.1 N perchloric acid, plotting the potential in millivolts against the volume 
of titrant. 


DETERMINATION OF TERTIARY AMINES 

This procedure is used to determine tertiary amines in samples that also con- 
tain primary and secondary amines. Most of the basic nature of primary and sec- 
ondary amines is destroyed by acetylation. 

RNH, (or ArNHo) + (CH 3 CO) 2 0 -» CH 3 CONHR + CH 3 C0 2 H 

R 2 NH (or ArNHR) + (CH 3 C0) 2 0 -» CH 3 CONR 2 + CH 3 C0 2 H 

The tertiary amine is not affected by acetic anhydride and can be titrated with 
perchloric acid in glacial acetic acid. 

Reagents and Equipment. Perchloric Acid, 0.1 N .~ Prepare and standardize a 
solution in glacial acetic acid as described under “Determination of Amines.” 

Titrimeter.— Use a pH meter on the millivolt scale or other direct reading ti- 
trimeter. 

Electrodes.— Use an all-purpose glass indicator electrode and a fiber-type calomel 
reference electrode. 

Procedure .— Weigh a sample that contains not more than 1 milliequivalent of 
tertiary amine and not more than 0.5 g. of water into a 5-in. test tube. Cool in 
an ice bath and add with swirling 5 ml. of ACS grade acetic anhydride. Stopper 
the test tube loosely, lemove fiorn tire ice bath, and allow to stand one-half hour 
at room temperature. Sterically hindered amines may require a longer reaction 
period or heating for acetylation to be complete. Rinse the contentiTof the test 
tube into a titration vessel with 25 ml. of glacial acetic acid. Titrate the tertiary 
amine potentiometrically with 0.1 N perchloric acid. Determine the end point 
of the titration by plotting the potential in millivolts against the volume of per- 
chloric acid titrant. Determine the volume of 0.1 N perchloric acid to titrate a 
solvent blank to the equivalence point potential of the sample, and subtract from 
the volume of acid required to titrate the sample. 


DETERMINATION OF CARBOXYLIC ACIDS 

Reagents and Equipment. Sodium Methoxide, 0.1 N .— Add 50 ml nf nk c «i , 
methanol and 50 ml. of dry benzene to a 2-1. flask and cover the flask wih.n 
«T. about 5 g. Of sodium metal, Th b b« iZtATf^ 

methanol, then add ,t to the flask containing the bentene and metha“T « tie 
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reaction of sodium with the methanol becomes too vigorous, cool the flask by im- 
mersion in an ice bath; if the reaction becomes too slow, add more methanol. 
When the sodium has completely dissolved, add 200 ml. additional methanol and 
dilute to 1.5 L with dry benzene. Standardize the sodium methoxide by titration 
of pure benzoic acid according to the procedure given below. 

Azo Violet Indicator.— Prepare a saturated solution of p-nitrobenzeneazoresor- 
cinol in benzene. 

Thymol Blue Indicator.— Dissolve 0.3 g. of thymol blue in 100 ml. of methanol. 

Benzene-methanol.— Mix 4 volumes of benzene with 1 volume of methanol. 

Dimethylformamide.— Use reagent grade if available. The commercial solvent 
may be purified by passage through a column of activated alumina. 

Buret.— Use a 10-ml. buret that can be read accurate to ±0.01 ml. or better. 

Titration Vessel.— Use a flask with a 1-hole cover that will admit the buret tip 
but will protect the solution from carbon dioxide in the air. Titration under 
nitrogen is desirable. 

Procedure .— Dissolve a sample containing 0.4 to 0.8 milliequivalent of acid in 50 
ml, of dimethylformamide or benzene-methanol. Add two drops of thymol blue in- 
dicator and titrate with 0.1 N sodium methoxide to a clear blue end point. If 
dimethylformamide solvent is used, add two drops of thymol blue to 25 ml. of sol- 
vent and neutralize to a clear blue color. Immediately add the sample and titrate 
as above. Subtract die solvent blank from the final buret reading. 

Some dibasic acids are too weak to give a sharp thymol blue end point. In 
such cases, add two drops of azo violet indicator and titrate the sample to a clear 
blue color in dimethyllormamide. Determine the solvent blank using azo violet 
indicator. 


DETERMINATION OF ORGANIC ACIDS 

This procedure can be used to determine virtually any organic compound that is 
soluble in one of the solvents recommended and is sufficiently acidic to be titrated as an 
acid. Specifically, the following types of compounds can be determined: Carboxylic 
acids, phenols, ends of the type A — CH 2 — A' and imides of the type A — NH — A ' (where 
OOO 

il II ll . 

A and A' represent — C — R, — C — H, — C — OR, or — C— N), sulfonamides of the 
type ArS02NH — , and certain nitro aromatic amines. 1 In many instances, mixtures of 
acidic organic compounds can be analyzed by differentiating potentiometric titrations.* 

Reagents and Equipment. Tetrabutylammonium Hydroxide, 0.1 N.— Dissolve 
40 g. of pure tetrabutylammonium iodide in 50 ml. of absolute methanol In a 
glass-stoppered flask. Cool the solution in an ice bath, then add 20 g. of reagent 
grade silver oxide. Immediately restopper the flask and shake vigorously for a 
minute or two. Continue to cool die flask in an ice bath; shake vigorously from 
time to time during a period of I hour. Filter the solution under nitrogen; wash 
the precipitate with 50 ml. of absolute methanol added in two or three portions. 
Dilute the combined filtrate and washings to 1 liter with dry benzene. Flush the 
solution for 5 minutes with purified nitrogen and store in a reservoir protected 
from carbon dioxide and moisture. Standardize the tetrabutylammonium hydrox- 

irritz, J. S. Mojc, A. J., and Richaid, M. J., Anal. Chem., 29, 1685, 1957. 

2 Fritz, J. S., and lamamura. S. S., Anal. Chem., 29, 1079, 1957. 
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ide solution by titration of pure benzoic acid according to the procedure described 

below. . 

Acetone.— Use reagent grade from a fresh or recently opened bottle. . 

Pyridine.— Reagent grad$ pyridine may be used without purification. If techni- 
cal grade pyridine is used, add sodium hydroxide pellets, let the pyridine stand 
overnight, then flash distill. 

Dimethylformamide.— Purify the commercial solvent by passage through a column 
of activated alumina. 

Titrimeter.— Use a pH meter on the millivolt scale or some other direct-reading 
ti trimeter. 

Electrodes.— Use an all-purpose glass indicator electrode. Use a sleeve-type 
calomel reference electrode in which the aqueous potassium chloride solution in 
die outer jacket is replaced with a saturated solution of potassium chloride in 
methanol. For titrations in acetone or dimethylformamide, a fiber-type calomel 
electrode, modified as above, may be used. 

Titration Vessel.— Use a tail-form beaker with a cover that will admit the buret 
tip and electrodes but will protect the solution from carbon dioxide in the air. 
Titration under nitrogen is desirable. 

Buret.— Use a 10-ml. buret that can be read accurately to ±0.01 ml. or better. 

Procedure .— Dissolve a sample containing 0.4 to 1.0 milliequivalent of acid in 
40 ml. of nonaqueous solvent. Pyridine is the most generally useful solvent, but 
acetone is very convenient for titration of most carboxylic acids, enols, imides, 
sulfonamides, and many phenols. Dimethylformamide will dissolve some types 
of compounds that are sparingly soluble in other organic solvents. Titrate po- 
tentiometrically, plotting die potential in millivolts against tfle volume of tetra- 
butylammonium hydroxide added. When there are two or more inflections in the 
titration curve, use the difference between successive end points to calculate the 
volume of titrant equivalent to the acid titrated. 

Determine the solvent blank(s) by potentiometric titration. Subtract the volume 
of titrant required to titrate die solvent to die equivalence point potential(s) of 
die acid(s) titrated. v ' 
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The colorimetric method o£ measuring hydrogen ions has many advantages that 
appeal to practical workers. It is rapid and simple in operation and compared 
to other methods very inexpensive. The entire pH range or any portion of it 
can be covered by means of portable equipment for use in factory or field. The 
difficulties are sucli as can invariably be remedied. For these reasons the colori- 
metric method is now being used for investigation and control in every field 
where the determination of hydrogen ions (protons)* is important. 

By mutual agreement the hydrogen electrode is regarded as the fundamental 
standard in all determinations of hydrogen ion. All other methods are secondary 
whether potentiometric (quinhydrone electrode, glass electrode, antimony electrode) 
or colorimetric. All such methods must be standardized against lire hydrogen 
electrode. 

v BUFFER ACTION 

In the case of a solution of a single pure acid or alkali, if the concentration 
and degree of ionization (real or apparent) are known, the pH can be calculated 
from the ionization alone. In actual practice such a situation will rarely arise. 
Invariably solutions contain more than one substance. Frequently some of these 
substances form what is known as a buffer system and serve to modify and stabilize 
the pH. 

When I ml. of 0.01 N HC1 is added to I liter of pure water of pH 7.0, the pH 
will drop to about pH 5.0. If however the same amount of acid were added to 
a solution containing a mixture of KH.,P0 4 and Na 2 HP0 4 of pH 7.0 the drop 
in pH uould be very small. This is illustrated by the curves on page 286. The 
phosphate mixture has the ability to resist change in pH on addition of acid or 
alkali. It has what is called buffer action and such a mixture constitutes a buffer 

* In this discussion, the term “hjdrogcn ion” has been used throughout for proton, 
since the emphasis upon ionization processes indicates that the use of the older term 
clarifies the discussion lor the same reason, concentration is stressed rather than activitj'. 
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system or mixture. Such action is encountered in p num ^\ s0 ^°Z i ^^ “ 
nature and in industrial processes. All mixtures of weak acids and their salts o 
of weak bases and their salts are buffer mixtures. Some of the most common 
buffer mixtures are acetic acid-acetate, carbonic acid (C0 2 )-bicarbonate, citric acid- 
citrate, mixed phosphates, etc. Other common buffering substances are proteins 

(o-elatin, casein, etc.). ...... 

The mechanism of buffer, action is most easily shown by means of the acetic 
acid acetate system. In a solution of acetic acid dissociation occurs only to a small 
extent as follows, HOAc ±=> H+ + OAc~ . Sodium acetate, however dissociates prac- 
tically completely, NaOAc*=J.Na+ + OAc~ and yields a large number of acetate 
ions [OAc~]. A 0.1 iV solution of acetic acid has pH 2.89 but a solution 0.1 N 
with respect to both ace,tic acicl and sodium acetate has pH 4.63. The pH has 
been increased, ,i.e„ tire H ion_concentration has been lowered. The question 
arises as to what has become ,of the H ions. The mass law equation for acetic acid 

is [H + ][ QA c L 1 = Ka, where Ka is the ionization constant. If any one of the 
[HOAc] 

three concentrations be changed there must be a change in the others else Ra 
could not remain constant. In > the case just cited the acetate ion concentration 
[OAc-] has been enormously increased so the H ion concentration [H+] has to 
decrease. The unionized acetic acid will automatically become greater so prac- 
tically what occurs is that more inactive (unionized) acetic acid is formed removing 
H ions from the solution. In this system the concentrations of acetate ion [OAc—] 
and unionized acetic acid [HOAc] are always extremely large compared to the 

concentration of H ions [H+] so that die ratio partially determines the 

reaction or pH. This is important when dilution is necessary. 

If small amounts of a strong acid (hydrochloric) be added to the system, the 
large concentration of acetate ions quickly converts most of the H ions added to 
unionized acetic acid and [H+] increases only slightly. If a base (sodium hy- 
droxide) is added H ions are neutralized but more acetic acid is ionized producing 
additional H ions to take the place of those neutralized and [H+] decreases only 
slightly. Of course any buffer system has its limits and large amounts of acid or 
base will overcome the buffer capacity. Each buffer system has a rather narrow 
pH zone over which it functions. However, by using different systems, i.e., different 
mixtures, practically the entire pH range can be covered. This is extremely 
advantageous since it is possible to prepare solutions of constant pH which serve 
as standards and it also serves as a means of holding an industrial solution close 
to the optimum pH. In the case of fairly concentrated solutions of strong acids 
and bases, since tire concentration of unionized substance is relatively small, there 
is no reserve supply of H or OH ions. However, there is such a large concentra- 
tion of H or OH ions that for practical purposes such systems function as buffer 
systems. For example, when the concentration of eidier 0.1 N HC1 or 0.1 N NaOH 
is reduced to 0.01 N, the pH is changed only about 1 unit 
The stability of any buffer system will depend on total' concentration, an d the 
rano of salt to weak acid or base. Reasonable changes in concentration will not 
materially change the pH as long as the ratio remains the same. In the acetate 

system the ratio does not change on moderate dilution and the change 

in pH when the system 0.1 N acetic acid - 0.1 N sodium acetate is diluted twentv 
o d is less than 0.1 pH. Many solutions met with in practice are buffered. This 
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is an advantage since colorimetric pH measurements can be made on such solutions 
even when highly colored or turbid by diluting with distilled water. The degree 
of dilution possible depends on the concentration and the specific buffer system 
but the safest procedure is to dilute only as far as necessary to make satisfactory 
readings. 

Buffer action can be illustrated graphically by means of titration curves (Fig. 
14-1). Three such curves are shown in which various amounts of 0.2 M HC1 and 
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0.2 M NaOH are added to 100 ml. samples of ( A ) distilled water, (B) a buffer 
mixture composed of KH 2 P0 4 and Na 2 HP0 4 in which the total concentration is 
approximately 0.1 M, and (C) a similar buffer mixture in which the total concen- 
tration is one-half of B, all samples having an initial pH of 7.0. The abscissa 
show the amounts of acid or alkali added and the ordinates show the pH of the 
respective mixtures. 

Tlie extremely steep curve (A) for distilled water shows that this substance is 
devoid of buffer action since small amounts of acid or alkali change the pH 
markedly. In the pronouncedly acid and alkaline ranges the curve flattens out 
because one is then dealing with relatively concentrated solutions of the strong 
acid and base, where pH varies only moderately with concentration. 

The curve (B) for the 0.1 M phosphate mixture differs radically from (/l). 
Addition of 11 ml. of acid only changes the pH from 7.0 to 5.8, whereas the 
addition of 6 ml. of alkali only changes the pH from 7.0 to 7.8. Beyond these 
points the change becomes more pronounced. Between 5.8 and 7.8 the curve is 
relatively flat and in this zone the phosphate mixture shows strong buffer action. 
As the curve indicates, buffer action is strongest near the_ middle of the relatively 
flat portion. It actually reaches a maximum at about 6.8 where the concentrations 

of K.H 2 P0 4 and Na 2 HP0 4 are the same, i.e. = 1. The steepness of 

[lvri 2 rU 4 j 

the curve above and below the zone 5.8-7.8 indicates little resistance to change in 
pH. 
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Curve (C) resembles (B) in contour but the relatively flat portion i or zone of 
effective buffer action is much shorter, extending only from about 6.5 to 7.5. This 
shows die effect of concentration on buffer action. 

These curves show that not all buffer mixtures have the same buffer capacity. 
Van Slyke (T. Biol. Chem., 52, 525, 1922) has formulated a method of expressing 
the differences in terms of buffer capacity. A solution has a buffer capacity of 1 
when the reaction of a liter of it is changed one pH unit upon the addition of 
one equivalent of. acid or base. A knowledge of the buffer capacity of a solution 
is frequently of considerable value since it indicates how easily the optimum pH 
may be maintained in practice, and also what precautions are necessary in deter- 
mining the pH. It also provides a practical mediod of determining the amount 

of acid or alkali required to adjust the pH. 

The requirements for buffer action should be clearly kept in mind. Mere 
presence of salts does not ensure buffer action. Salts of strong acids and strong 
bases impart no buffer action to a solution. Solutions which contain only salts 
of weak acids and weak bases may not be buffered. To ensure buffer action a 
buffer system must be present, i.e., both salt and weak acid or weak base and die 
pH of die solution must be within the effective zone of the particular system. 

Tables showing the method of preparation for various buffer mixtures can be 
found in Clark, The Determination of Hydrogen Ions, 1928, Williams and Wilkins, 


Baltimore, Mel. 

The following table gives some common buffer systems and the approximate 
pH of maximum buffer capacity. The zone of effective buffer action will vary with 
concentration but the general average will be ±1.0 pH from die value given, for 
concentrations approximately 0.1 M. 


Glycine-sodium chloride-hydrochloric acid 2.0 

Potassium acid phthalate-hydrochloric acid 2.8 

Primary potassium citrate 3.7 

Acetic acid-sodium acetate 4.6 

Potassium acid phthalate-sodium hydroxide 5.0 

Secondary sodium citrate 5.0 

Carbonic acid-bicarbonate 6.5 

Primary phosphate-secondary phosphate 6.8 

Primary phosphate-sodium hydroxide 6.8 

Boric acid-borax 8.5 

Borax 99 

Boric acid-sodium hydroxide 9.2 

Bicarbonate-carbonate 10.2 

Secondary phosphate-sodium hydroxide 11.5 


K" THE USE OF INDICATORS 
For making pH determinations substances known as indicators are required 
An mdmator is a substance that gives different colors or different shades of color 
at different pH values. Thus, phenol red changes from yellow at pH 6.8 to a deep 
red at pH 8.4; that is, if phenol red is added to a solution having a pH of 6 8 k 
wi l give this solution a yellow color. If added to another solution of pH 7 0 

Devalues ofT e 7 7 ’V* yell °' V ' " “ ° ther “lutio^having 

pn values ot 7.2, 7.4, 7.6, etc. the amount of red color immrtprl . 

w,U increase progressively until at pH 8.4 tile solution will have t deep red color" 
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Therefore if phenol red is added to any solution having a pH value between 
6.8 and 8.4, the pH of that solution is determined by observing the color obtained. 
The method for accurately reading the pH value is explained later in this section. 

Phenol red covers only a limited part of the pH scale but other indicators are 
available for other parts. Thus bromcresol green covers the range pH 3.8-5.4 
and its color change is from yellow at pH 3.8 to blue at pH 5.4. Thymol blue 
covers the range pH 8.0-9.6 and its color change is from yellow at pH 8.0 to blue 
at pH 9.6. A list of indicators that cover the pH scaLe 0.1 to 14, with their pH 
ranges and color changes, is given in the table beginning on page 289. 

The ‘'pH'* in the column “Preparation" designates that the indicator solution 
prepared as directed is recommended for measuring the hydrogen ion concentration 
only. The designation “vol.” signifies that the indicator solution is intended for 
volumetric (titrimetric) analysis; the designation “pH, vol.” indicates that the 
solution is applicable for the determination of hydrogen ion concentration as 
well as for volumetric (titrimetric) analysis. 

The water used for preparing indicator solutions is to be freed from carbon 
dioxide by thoroughly boiling it out in resistant glass or in porcelain. Similarly 
the alcohol used for making the indicator solution should be neutral. 

When the indicator solution is to be prepared with the aid of 0.02 N sodium 
hydroxide, triturate well die quantity of the indicator material widi the volume 
of the 0.02 N NaOH in an agate mortar, and then dilute with carbon-dioxide-free 
water to the volume indicated. 

Indicators are weak acids or bases in which die ionized form differs in consti- 
tution and color from the normal form. An indicator acid will dissociate as 


HIn *=? H+ -f In~, HIn being the acid form and In- the alkaline form. The mass 

, ... , [H + ] [In-] v [In-] K, . 

law expression will be - — rT J t , . — - = K,. Then ~r-( = .- T t ; Since K, is a con- 
r (HIn] 1 [HIn] [H+] 1 

stant the ratio will depend on the value of [H+], the hydrogen ion con- 

centration. This ratio determines the color that die indicator will show. For 


example with phenol red the acid form [HIn] is yellow and the alkaline form 
[In - ] is red, consequently as [In-] increases the color changes from yellow 
through orange to red. When HIn is half transformed [HIn] = [In - ] and so 
[H+] = K r When the hydrogen ion concentration is the same as die ionization 
constant of the indicator, the concentrations of the acid and alkaline forms of 


the indicator are equal. The value of K r varies for different indicators and 
determines the range of hydrogen ion concentration over which each indicator 


functions. If [H+] = Kj then pH = pKj, where pKj = log -J- While this de- 

. . Kl 

termines the dieoretical midpoint of the pH range of each indicator, the actual 

range used in practice depends on how readily the colors can be distinguished 
by the eye. Consequently, the practical range is determined experimentally. 
While pKj is a function of pH, it is also affected to some extent by odier factors, 
such as salt concentrations, proteins and temperature. 

A satisfactory indicator for practical pH work must have certain well defined 
qualifications. It must give well-defined color changes over a relatively short range; 
it must not be unduly affected by substances other than hydrogen or hydroxyl 
ions; it must immediately give colors that are stable for a reasonable length of 
time, so that there will be no errors due to changes taking place during the deter- 
mination; its solution must be a stable reagent. An indicator that fades rapidly. 



Indicator 

Range 


Yellow 0.1-1. 5 blue 


Red 0.5-2. 5 yellow 

m-Cresolsulfonphthalein (acid 
range) 

Red 1.2-2. 8 yellow 

1 ,4-dimethyl-5-hydro.xyben- 
zenesulfonphthalein (acid 

range) 

Red 1.2-2. 8 yellow 

Thymolsuifonphthalein (acid 
range) 

Red 1. 3-3.0 yellow 

Colorless 1.4-3. 2 

Sodium-/)-diphenylamineazo- 

benzenesulfonate 

OrfivArniNF. Pm 

2- (/)-Dimeth laminostyry l) - 
quinoline ethionide 
TtPN.'7nPtTRPIIRTNF. 4B 

red 

Blue-violet 1. 3-4.0 

Methyl Violet 

red 

Blue 1. 5-3.2 violet 


Alizarin Yellow R (p) — 
Sodium /;-nitrobenzeneazo- 
salicylate 


Red 1. 9-3.3 yellow 


Preparation 


pH: 0.25 g. in 100 ml. of water 
pH: 0.10 g. in 13.6 ml. of 0.02 
N NaOH and dilute with 
water to 250 ml. 
pH: 0.10 g. in 250 ml. of al- 
cohol 


pH: 0.10 g. in 10.75 ml. of 0.02 
N NaOH, and dilute with 
water to 250 ml. 
pH, vol. : 0.10 g. in 100 ml. of 
water 

vol.: 0.1 g. in 100 ml. of alcohol 


pH, vol.: 0.10 g. in 100 ml. of 
water 

pH, vol.: 0.25 g. in 100 ml. of 
water 

pH, vol.: 0.10 g. in 100 ml. of 
warm water 


2.4- Dinitrofhenol ( a ) 

Methyl Yellow 

^-Dimethylaminoazobenzene 

Bromphenol Blue 

Tetrabromophenolsulfon- 

phthaiein 

Congo Red 

Methyl Orange 

Sodium-/>-dimethylamino- 
benzenesulfonate, Helianthin 

Broxcchlorophenol Blue 

Dibromodichlorophenolsul- 

fonphthalein 

Sodium Alizarin Sulfonate . . 

Iodeosin 

Tetraiodofluorescein 

2.5- Dinitrophenol (7) 


Colorless 2. 6-4.0 
yellow 

Red 2. 8-4.0 yellow 

Yellow 3. 0-4. 6 blue 

Blue 3. 0-5, 2 red 

Red 3. 1-4,4 yellow 

Yellow 3.2-4. 8 blue 

Yellow 3.7-5.2 violet 

Yellow 0-about 4 
rose red 

Colorless 4-5.8 
yellow 


pH, vol.: 0.10 g. in a few ml. 
of alcohol, then dilute with 
water to 100 ml. 
pH, vol.: 0.10 g. in 100 ml. of 
alcohol 

pH: 0.10 g. in 7.45 ml. of 0.02 
N NaOH and dilute with 
water to 250 ml. 
vol. : 0.1 g. in 250 ml. of alcohol 
pH, vol.: 0.10 g. in 100 ml. of 
water 

vol.: 0.2 g. in 100 ml. of hot 
water 

pH: 0.10 g. in 8.6 ml. of 0.02 
A r NaOH, then dilute with 
water to 250 ml. 
vol.: 0.1 g. in 250 ml. alcohol 
pH, vol.: 1.0 g. in 100 ml. of 
water 

vol.: 0.10 g. in 100 ml. of ether 
saturated with water 
pH, vol.: 0.1 g. in 20 ml. of 
alcohol, then dilute with 
water to 100 ml. 
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Indicator 

Range 

Preparation 

Bromcresol Green 

Tetrabromo-m-cresolsulfon- 
phthalein, Bromcresol Blue 

Yellow 3. 8-5.4 blue 

pH: 0.10 g. in 7.15 ml. of 0.02 
M NaOH and dilute with 
water to 250 ml. 
vol.: 0.1 g. in 250 ml, alcohol 

Methyl Red 

Dimethylaminoazobenzene- 
o-carboxylic acid 
(o-Carboxybenzeneazodi- 
methylaniline) 

Red 4. 2-6.2 yellow 

pH: 0.10 g. in 18.6 ml. of 0.02 
N NaOH and dilute with 
water to 250 ml. 
vol.: 0.20 g. in 100 ml. hot 
water 

Lacmoid 

Red 4. 4-6. 2 blue | 

vol.: 0.5 g. in 100 ml. alcohol 

Azolttmin 

Red 4. 5-8. 3 blue 

vol.: 0.5 g. in 80 ml. of warm ' 
water, then add 20 ml. of 
alcohol 

Cochineal i 

Red 4. 8-6.2 violet 

vol. : Triturate 1 g. with 25 ml. 
alcohol and 75 ml. of water, 
let stand for 2 days and filter 

Hematoxylin 

Yellow 5.0-6.0 violet 

vol.: 0.5 g. in 100 ml. alcohol 

Chlorphenol Red 

Dichlorophenolsulfon- 

phthalein 

Yellow 4.8-6.4 red 

pH: 0.10 g. in 11.8 ml. of 0.02 
N NaOH and dilute with 
water to 250 ml. 
vol. : 0.1 g. in 100 ml. 20% ale. 

/>-Nitrophenol 

Colorless 5.6-7.6 
yellow 

pH, vol.: 0.25 g. in 100 ml. 
water 

Bromcresol Purple 

Yellow 5. 2-6. 8 

pH: 0.10 g. in 9.25 ml. of 0.02 

Dibromo-o-cresolsulfon- 

phthalein 

purple 

N NaOH and dilute with 
water to 250 ml. 
vol.: 0.05 g. in 200 ml. alcohol 

Bromphenol Red 

Dibromophenolsulfon- 

phthalein 

Yellow 5.2-7.0 red 

pH: 0.10 g. in 9.75 ml. of 0.02 
N NaOH and dilute with 
water to 250 ml. 
vol.: 0.1 g. in 250 ml. alcohol 

Alizarin 

Dihydroxyanthraquinone 

Yellow 5.5-6. 8 red 

vol.: 0.1 g. in 100 ml. alcohol 

Bromthymol Blue 

Dibromothymolsulfon- 

phthalein 

Yellow 6.0-7.6 blue 

pH: 0.10 g. in 8.0 ml. of 0.02 
N NaOH and dilute with 
water to 250 ml. 
vol.: 0.10 g. in 100 ml. of 20% 
alcohol 

CURCUMIN 

Yellow 6-8.0 brown- 
ish red 

A saturated aqueous solution 

Phenol Red 

Phenosulfonphthalein 

Yellow 6. 8-8.0 red 

pH: 0.10 g. in 14.20 ml. of 0.02 
N NaOH and dilute with 
water to 250 ml. 
vol.: 0.1 g. in 100 ml. 20% 
alcohol 

Neutral Red 

Methyl-amino-dimethyl- 

amino-phenazine 

Red 6. 8-8.0 yellow 

pH, vol.: 0.10 g. in 60 ml. al- 
cohol and dilute with water 
to 100 ml. 
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Indicator 


Range 


Preparation 


Rosolic Acid . 

Aurin; Corallin 
Cyanin 

Cresol Red 

o-Cresolsulfonphthalein 
(alkaline range) 

ct-Naphtholphthalein . . 


Yellow 6. 8-8. 2 red 


Colorless 7. 0-8.0 
violet-blue 
Yellow 7.2-8. 8 red 


Rose 7. 3-8.7 green 


Metacresol Purple Yellow 7. 4-9.0 

m-Cvesolsulfonphthalein purple 

(alkaline range) 


Thymol Blue 

Thymolsulfonphthalein 
(alkaline range) 


Yellow 8.0-9.6 blue 


/>-Xylenol Blue 

1 ,4-Dime thyl-5-hydroxy- 
benzenesulfonphthalein 
(alkaline range) 

Tropaeolin OOO 

Sodium a-naphtholazo- 
benzenesulfonate 

o-Cresolphthalein 

ct-Naphtholbenzene 

Phenolphthalein 

Thymolphthalein 

Alizarin Yeli.ow GG 

Salicyl Yellow, Sodium m- 
nitrobenzeneazosalicylate 

Poirrier Blue C4B 

Tropaeolin O 

/I'Benzenesulfonic acid- 
azoresorcinol 

Nitramine 

2,4,6-Trinitrophenylmethyl- 

nitroamine 

1 ,3,5-Trinitrobenzene 

Sodium Indigo Disulfonate . . 
Indigo Carmine 


Yellow 8. 0-9. 6 blue 


Yellow 7. 6-8.9 red 


Colorless 8.2-10.4 
red 

Yellow 8. 5-9.8 
green 

Colorless 8.2-9. 8 red 

Colorless 9.3-10.5 
blue 

Yellow 10.1-12.0 
lilac 

Blue 11-13.0 red 

Yellow 11-13.0 
orange 

Yellow 11.0-13.0 
orange-brown 

Colorless 11.5-14.0 
orange 

Blue 11.6-14.0 
yellow 


pH, vol.: 1.0 g. in 100 ml. of 
50% alcohol 

pH: 1.0 g. in 100 ml. alcohol 


pH: 0.10 g. in 13.1 ml. of 0.02 
N NaOH and dilute with, 
water to 250 ml. 
vol.: 0.1 g. in 100 ml. 20% ale. 
pH, vol.: 0.10 g. in 100 ml. of 
50% alcohol 

pH: 0.10 g. in 13.1 ml. 0.02 
N NaOH and dilute with 
water to 250 ml. 
vol.: 0.1 g. in 100 ml. alcohol 
pH: 0.10 g. in 10.75 ml. of 0.02 
N NaOH and dilute with 
water to 250 ml. 
vol.: 0.1 g. in 100 ml. 20% ale. 
pH, vol.: 0.10 g. in 250 ml. 
alcohol 


vol.: 0.1 g. in 100 ml. water 


pH: 0.10 g. in 250 ml. alcohol 

pH: 1.0 g. in 100 ml. alcohol 

vol.: 1.0 g. in 100 ml. 80% ale. 
pH, vol.: 0.10 g. in 100 ml. 
alcohol 

pH: 0.10 g. in 100 ml. of 50% 
alcohol 


pH: 0.2 g. in 100 ml. water 
pH: 0.10 g. in 100 ml. of water 


pH: 0.10 g. in 100 ml. 70% 
alcohol 

pH: 0.10 g. in 100 ml. alcohol 

pH: 0.25 g. in 100 ml. of 50% 
alcohol 
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precipitates, undergoes change in color due to the presence of salts, colloidal 
materials, etc, attains a stable color slowly, or is unstable as a reagent, is certain to 
prove objectionable in practice. 

The essential requirements in applying the colorimetric method for the deter- 
mination of pH are (1) An accurately prepared solution of indicator, (2) a set of 
color standards prepared from measured amounts of buffer solutions having ac- 
curately adjusted pH values and containing accurately measured amounts of the 
indicator solution. Standards in intervals of 0.2 pH are usually employed. Such 
a set for phenol red will consist of standards with the pH values 6.8, 7.0, 7.2, 7.4, 
7.6, 7.8, 8.0, 8.2 and 8.4. These standards can be placed in test tubes or ampoules 
having uniform bores. Ampoules are more satisfactory since they can be sealed. 

If a measured volume of clear sample is treated 
with the same amount of indicator as is present in 
the standards, the resulting color will depend on 
the pH of the sample and by comparing this color 
with the color standards the pH can be determined. 
It is essential that all measurements be accurate and 
that the bore of the color standards and test tube 
used for the sample be practically the same. The 
intensity of color and depth of liquid in both cases 
should be uniform. 

If the materials being tested are absolutely clear 
and colorless accurate determinations can be made 
by comparing the color of the test sample with those 
of the color standards, as outlined above. Most solutions encountered in actual 
practice are, however, somewhat turbid or colored or both. Therefore when an 
indicator solution is added to such a material the resulting color will not match 
with the color standards which contain none of die color or turbidity of the 
sample. For this reason some sort of comparator is required. In fact all deter- 
minations should be made widi a comparator since die presence of even minute 
quantities of color or turbidity may cause considerable error or even prevent a 
match all together when an attempt is made to match die sample directly with the 
color standards. The procedure employed in all comparators is essentially die 
same so die Slide Comparator will be used to illustrate the principle. 

In making a determination three of the test tubes are filled to the mark (5 ml.) 
with the material to be tested and 0.5 ml. of the indicator solution is added to 
the middle tube. The color standards are then moved back and forth in front of 
the test sample, always making sure that, when a comparison is made, one of the 
ampoules of distilled water is in front of the middle test tube containing the indi- 
cator. Two consecutive color standards will then be directly in front of die two 
tubes of test sample containing no indicator. The arrangement of the three tubes 
of test sample, the two color standards and the ampoule of distilled water is illus- 
trated in Fig. 14-2. 

AA, BB, CC represent the three slots in the base and any three corresponding 
slots in the color standard slide. If we consider the color standards as consisting 
of distilled water and indicator only, which is permissible since they contain no 
turbidity and no color except that given them by die indicator, it is clear diat 
on looking through slots AA, BB, and CC, one is looking through exactly the same 
materials— sample, indicator, distilled water— in each case. This arrangement 
therefore eliminates any effect of color or turbidity in the sample so that, when 
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die proper color standards are in place, the color of the sample will match one 
of die color standards or lie between the colors of two consecutive standards. 

Readings should never be made by matching against either end standard in a 
o-iven set. Thus a sample may match the bromthymol blue color standard marked 
pH 6.0 and actually have a pH value of 5.0, 4.2, etc. If a match with the standard 
marked 6.0 is obtained the determination should be repeated using an indicator 
covering a lower part of die pH scale, for example, clilorphenol red (pH 5.2- 
6.8), bronicresol green (pH 3.S-5.4), etc., until a match is obtained with a standard 
other dian the end one. Similarly if a sample matches the bromthymol blue 
standard marked 7.6, die test should be repeated using phenol red (pH 6.8-8.0) 


or a higher indicator if necessary. 

The table on page 290 shows that the ranges of the various indicators overlap. 
Thus the values pH 6.0-6.8 are common to both phenol red and bromthymol 
blue, the values pH 6.0-7. 6 are common to both bromthymol blue and phenol 
red, etc. It is therefore usually possible to make a test on any given sample 
with two different indicators and thus check results. This is one of the outstanding 
advantages of using several indicators to cover a wide pH range instead of a single 
wide range indicator, such as the so-called universal or utility indicators. With 
the single test wide range indicator there is no way of checking results and marked 
errors may be made with no means of detecting them. 


MIXED AND UNIVERSAL INDICATORS 
A mixture of two indicators is often used to obtain color changes at pH values 
not available from single indicators. The following table lists some of the more 
commonly used indicator-pairs. 


Indicator-pair 

5 dimethyl yellow, J methylene blue. . . 
f methyl orange, -§• xylene cyanole FF. 


f methyl yellow, \ methylene blue. . . 
| methyl orange, f indigocarmine . . . 
| bromcresol green, | methyl orange. 

§ methyl red, f methylene blue 

| bromcresol green, § methyl red 


Solvent 

Alcohol 
50% Alcohol 
Alcohol 
Water 
Water 
Alcohol 
Alcohol 

t bromcresol green, \ chlorphenol red. . Water 
2 bromcresol purple, \ bromthymol blue Water 

5 neutral red, ? methyl blue Alcohol 

| bromthymol blue, £ phenol red Water 

I cresol red, f thymol blue Water 

Ti phenolphthalein, § methyl green Alcohol 

| phenolphthalein, \ thymol blue 50% Alcohol 

| phenolphthalein, naphtholphthalein 50% Alcohol 

s phenolphthalein, ^ nile blue Alcohol 

| alizarin yellow, f nile blue Alcohol 


pH Color Change 

3.2 Blue violet-green 
3.9 Red violet-green 
3.9 Pink-yellow green 

4.1 Violet-yellow green 

4.3 Orange- dark green 

5.2 Red violet-green 

5.1 Wine red-green 

6.1 Yellow green-blue violet 

6.7 Yellow-violet blue 

7.0 Violet blue-green 

7.5 Yellow-dark violet 

8.3 Yellow-violet 

8.8 Green-violet 

9.0 Yellow-violet 

9.6 Pale rose-violet 
10.0 Blue-red 

10.8 Green-red brown 


Universal indicators are made by mixing a number of indicators to produce 

'I? a°, , ChangeS at different P H values ‘ As m%ht be expected tire result 

obtained by their use is approximate only and chiefiv of 6 result 

.o be confirmed by Mi 

cators in general use are the following: unnersai inch- 
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Universal Indicator A.— Solvent: 100 ml. o£ alcohol. Procedure: dissolve in 
order 0.06 g. of methyl yellow, 0.04 g. of methyl red, 0.08 g. of bromthymol blue, 

0. 10 g. of thymol blue and 0.02 g. of phenolphthalein. Titrate with 0.1 N NaOH 
to a yellow color. This indicator has the following series of color values: pH 1 
cherry-red, pH 2 rose, pH 3 red-orange, pH 4 orange-red, pH 5 orange, pH 6 yel- 
low, pH 7 yellow-green, pH 8 green, pH 9 blue-green and pH 10 blue. 

Universal Indicator B.— Solvent: 100 ml. of 50% alcohol. Procedure: dissolve in 
order 0.0185 g. of methyl red, 0.06 g. of bromthymol blue, and 0.064 g. of phenol- 
phthalein. Titrate with 0.1 N NaOH to a green color. The indicator has the 
following series of color values: pH 1 red, pH 2 red, pH 3 red, pH 4 deep red, 
pH 5 orange, pH 6 orange-yellow, pH 7 green yellow, pH 8 green, pH 9 green-blue, 
pH 10 violet, and pH 11 red violet. 

pH TEST PAPERS AND TESTERS 

The manufacturers of laboratory supplies offer a wide variety of pH test papers, 

1. e., strips or rolls of paper impregnated with various indicators. These are 
available with single indicators for single-range testing, and with more than one 
indicator for general work. The latter are called wide-range papers when they 
give a characteristic color for each full pH unit in the range covered, and short- 
range papers when they give color changes for each 0.5 pH unit. They are 
available in pH testers or Hydrion Testers, small metal dispensers, each contain- 
ing a roll of indicator paper and with permanent standard colors for matching 
on its outer surface. The manufacturers also supply such permanent standards 
with bottles of universal indicators. The Hellige Simplex Tester has these stand- 
ards in the form of small color plates so mounted that a glass tube containing the 
solution to be tested can be placed behind the standards, while an identical glass 
tube with the same solution is placed behind a series of white plates of the same 
size as the color plates. In this way compensation can be effected for interfering 
color or turbidity. 

COLORIMETRIC DETERMINATION OF BUFFERED MATERIALS 

One of the most important factors to be considered when the colorimetric 
method is applied is the degree to which the material being tested is buffered. 
This is especially important when the pH of colored and turbid materials must 
be determined. When a highly colored or turbid sample is buffered it 1 can fre- 
quently be diluted with distilled water to a point where satisfactory readings can 
be made with the comparator method without introducing appreciable error. 
For example, sewage sludges have been accurately tested when a dilution of 1:49 
was necessary. 1 The presence of buffer systems in the sludge makes this possible. 

In applying the dilution procedure to any substance it is advisable to continue 
die dilution beyond that required for satisfactory readings so as to determine the 
point at which marked change starts to take place. This will furnish information 
on the buffer capacity of the substance being tested. In all cases the distilled 
water used should be of excellent quality and it should have a pH of 6.4 to 6.8. 

It is usually advisable to employ dilution and make the tests on the supernatant 
liquid after any solids have partially settled. Filtration should be avoided unless 
it is definitely known that changes in pH will not result. During filtration there 
may be a gain or loss in carbon dioxide or an action by the filtering medium 
(paper, glass wool, etc.) which will introduce errors. 

1 McCrumb, Sewage Works Journal, 1, 534, 1929. 



295 


pH BY THE .COLORIMETRIC METHOD 

UNBUFFERED OR SLIGHTLY BUFFERED MATERIALS 
Some materials encountered in practice are not very highly buffered and a ew 
-u-e unbuffered. In such cases care must be exercised in determining the pH 
since such solutions are very susceptible to change. Among such materials are 
most waters, soil extracts, paper extracts, white water, pure sugar liquors, flotation 

feeds, laundry rinses, clay filtrates, etc. . 

Distilled water is devoid of buffer action and special precautions must be 
observed in testing it. Absolutely pure water' has pH 7.0 at 25°C. Ordinary dis- 
tilled water is. usually acid, due to absorption of carbon dioxide. Distilled water 
in equilibrium with tire carbon dioxide of the air will have pH 5.7. It may be 
supersaturated with carbon dioxide to give a pH as low as 5.0. Carbon dioxide 
may be removed by boiling in Pyrex vessels to' give water with a pH of 6.6 to 6.8 
but superpure water with pH 7.0 can best be secured by means of a special still. 
Distilled water should always be kept in Pyrex or tinned vessels and contact with 
air held at a minimum. In making aqueous solutions or extractions of slightly 
buffered materials, proportions of material and water should be held constant so 
that results on different samples will be comparable. 

In determining the pH of buffered solutions reasonable differences between the 
pH of the sample and the indicator solution will not affect the results. Plowever, 
in tire case of unbuffered solutions the pH of the indicator solution must be fairly 
close to the pH of the sample or the indicator will change the pH (Acree and 
Fawcett, Ind. Eng. Chem., Anal. Ed., 2, 78, 1930). For this reason the pH of the 
indicator solution should always be at or near its own midpoint. For example 
bromcresol green, 4.8, bromthymol blue, 6.8, cresol red, 8.0, etc. This is why it 
is impossible to secure accurate results on slightly buffered materials when a single 
wide-range indicator (universal, utility, etc.) is employed. It has been shown that 
errors as high as 3.0 pH may result (McCrumb, Ind. Eng. Chem., Anal. Ed., 3, 233, 
1931). This is because the pH of the wide-range indicator may vary so much 
from that of the sample. 

Where extremely accurate results are desired on unbuffered materials, it may 
be advisable to use several solutions of the same indicator adjusted to different 
points on. its range, such as bromthymol blue at 6.2, 6.8, 7.4. If the unknown is 
devoid of buffer action as in the case of distilled water, for example, three values 
may result such as 6.6, 6.8, and 7.0 respectively. Since the reading 6.8 coincides 
with the pH of the indicator solution used for that test, the actual pH is 6.8. 

All indicator solutions should be adjusted to their respective midpoints and kept 
in Pyrex bottles sealed with rubber stoppers. Soft glass bottles and cork stoppers 
should never be used or marked changes in pH may occur. Indicator solutions 
should not be unduly exposed to the air (poor seals, etc.) since carbon dioxide 
may lower the pH. In case changes occur the pH can be again adjusted by adding 
dilute 0.1 N acid or alkali as required comparing the indicator solution in a special 
pair of tubes with the appropriate standard. If, however, buffered solutions are 
being tested, only gross changes in the pH of indicator solutions need be considered 

In making a pH determination on a slightly buffered solution the indicator 
solution should be placed in dre test tube and die solution being tested run in from 
a pipet, holding die up of the pipet near the bottom of the tube. Mixing is 
then secured by stirring either with the tip of the pipet or with a thin glass rod 

uite nS The Uld f A™* plaCmg finger or thumb over the mouth of the 

_ „ T recommended procedure prevents introduction of impurities such as 


carbon dioxide, etc., and gives accurate results. This 


is really the only way un- 
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buffered materials can be tested since electrometric methods are not reliable on 
very slightly buffered solutions. _ ^ 

THE EFFECT. pF SALTS 

As stated previously, the color of any indicator may be influenced by the actual 
salt concentration as well as the pH. 1 This effect is commonly known as the “salt 
error.” 

By varying the concentration of a buffer mixture and determining the pH both 
by a hydrogen electrode and the colorimetric method it will be found that absolute 
agreement occurs only 'at the concentration of buffer employed in making the 
standard. Above this concentration the colorimetric method will give results that 
are slightly higher than those secured by the hydrogen electrode and below this 
concentration the colorimetric results will be slightly lower. This is illustrated by 
the results given in the following table. 


Effect of Varying the Concentration of a Buffer Mixture 


Molar Cone. 

Hydrogen Electrode 
pH 

Colorimetric | 

pH 

Difference 

pH Hyd. Elect.-pH Color- 

0.200 

6.33 

6.40 

-0.07 

0.100 

6 42 

6.45 

-0.03 

0.050 

6.50 

6.50 

0.00 

0.020 

6.57 

6.55 

+0.02 

0.010 

6.62 

6.55 

+0.07 

0.005 

6.68 

6.55 

+0.13 


It will be noted that absolute agreement occurs only at a molar concentration of 
0.050, the one employed in making the color standards. Of course none of the 
differences are pronounced. 

The effect of sodium chloride is shown by the data in die following table se- 
cured by adding variable amounts of sodium chloride to a phosphate buffer mixture 
having the same concentration as was employed in die preparation of the color 
standards. 

Effect of Sodium Chloride 


Sodium Chloride | 
Molar Cone. 

Hydrogen Electrode 
pH 

Colorimetric | 
pH 

Difference 

pH Hyd. Elect.-pH Color, 

0.00 

6.40 

6.40 

0.00 

0.05 

6.25 

6.40 

-0.15 

0.10 

6.23 

6.40 

-0.17 

0.20 

6.15 

6.35 

-0.20 

0.50 

6.00 

6.25 

-0.25 

1.00 

5.90 

6.15 

-0.25 
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Similar data termed b, adding magnesium chloride to the same phosphate buffer 
mixture show the influence of a divalent salt. 


Effect of Magnesium Chloride 


Magnesium 
Chloride 
Molar Cone. 

Hydrogen Electrode 
PH 

Colorimetric 

pH 

0.00 

6.40 

6.40 

0.05 

5.70 

5.90 

0.10 

5.40 

5.80 

0.20 

5.20 

5.65 

0.50 

4.70 

5.26 


Diff erence 

pH Hyd. Elect. -pH Colon 


0.00 

- 0.20 

-0.40 

-0.45 

-0.56 


In both instances the pH is reduced, the reduction caused by magnesium chloride 
being greater than that of the sodium chloride. The salt effect on the hydrogen 
electrode is greater than on the colorimetric pH. 

The indicators used in making the colorimetric measurements given in the three 
tables above were bromthymol blue, chlorphenol red, p-nitrophenol, and brom- 
cresol green. 

Additional information on salt effect can be secured by consulting Clavk,- 
Kolthoff, 2 3 Guntelberg and Schioclt, 4 * * Sendroy and Hastings,® McCrumb and 
Kenny, 0 and Blum and Bekkedahl. 7 The last paper deals exclusively with nickel 
electroplating and electrotyping solutions. 

The investigations of Guntelberg and Schiodt and Hastings and Sendroy would 
indicate that in the case of the indicators bromphenol blue, bromcresol green, 
bromcresol purple and phenol red, when the effects of salts are correlated with 
ionic strengths, salts of different valence types show at the same ionic strengths 
approximately like effects on the apparent dissociation constants of the indicators. 

The ionic strength of a solution is obtained by multiplying the concentration of 
each ion by the square of drat ion’s valence number, summing these products and 
dividing by two. In general the buffer solutions used as standards in the col- 
orimetric method have ionic strengths of 0.05 to 0.1. 

In die majority of cases the differences encountered in industrial practice may 
have little significance. The correction can be determined and applied for each 
case but frequently it can be disregarded. For example -in the case of a nickel 
plating bath it may make little difference to die plater whether the bath is con- 
trolled at pH 5.8 colorimetrically or 5.4 electrometrically. However, to avoid con- 
fusion when comparing procedures, the method employed should be given. 

2 Clark, The Determination of .Hydrogen Ions, 1928, Williams and Wilkins. 

® Kolthoff, The Colorimetric and Potendometric Determination of pH, 1931 Tohn 
and Sons, Inc. r ,J ■ iU T 

4 Guntelberg and Schiodt, Z. Phvsik. Chem., 135, 393, 1928. 

® Sendroy and Hastings, J. Biol. Chem., 82, 200, 1929. 

0 McCrumb and Kenny, J. Soc. Chem. lnd„ 49, 425T, 427T, 1930. 

7 Blum and Bekkedahl, Trans. Electro Chem. Soc., 50, 291, 1929. 



298 pH BY THE COLORIMETRIC METHOD 

THE EFFECT OF PROTEINS 

Systematic calibration when proteins are encountered will prove to be much 
more difficult than in the case of salts. Salts are at least substances of a definite 
nature, whereas the term protein is used in a very loose manner. For this reason 
so-called “protein errors” of indicators should never be applied unless it is known 
definitely that these variations were determined on solutions that are practically 
identical with the one being tested.^ 

For example, many “protein errors” have been determined on materials like beef 
broth or some type of bacteriological media. On many of these materials the 
proteins have undergone considerable hydrolysis, or they are rather dilute. Any- 
one taking the variations so determined and using them in the measurement of 
the pH, of say gelatin or casein, might quickly get into trouble. 

The following table shows some variations encountered on a 1% solution of 
gelatin to which variable amounts of sulfuric acid and sodium hydroxide had been 
added. The gelatin was ash free with a pH of 4.80 (isoelectric). Sulfuric acid 
was used because this acid is most likely to be encountered in practice. 


Effect of Gelatin 


Hydrogen Electrode 
pH 

Colorimetric 

pH 

Difference 

Indicator 

pH Hyd. Elect.'pH Color. 

2.48 

2.40 

0.08 

Meta cresol purple 

2.79 

3.20 

-0.41 

Bcnzo yellow 

3.19 

3.55 

-0.36 | 

Benzo yellow 

3.51 

3.85 

-0.34 

Bromcresol green 

3.65 

4.00 

-0.35 

Bromcresol green 

3.88 

4.20 

-0.32 

Bromcresol green 

4.47 

4.60 

-0.13 

Bromcresol green 

4.80 

4.85 

-0.05 

Bromcresol green 

5.07 

5.00 

0.07 

Bromcresol green 

6.16 

6.20 

-0.04 

Chlorphenol red 

6.59 

6.65 

-0.06 

Bromthymol blue 

6.80 

7.20 

-0.40 

Phenol red 

7.39 

7.90 

-0.51 

Phenol red — Cresol red 

7.78 

8.50 

-0.72 

Thymol blue 


It will be noted that the differences encountered near the isoelectric point are 
insignificant being within the sensitivity of the colorimetric method employed. 
When hydrochloric acid is used the differences are greater in the acid range. 

The variations between pH measurements by the hydrogen electrode and the 
colorimetric method in the precipitation of casein by hydrochloric acid have been 
determined by Clark and others 8 using methyl red; and by Benton 9 using brom- 
cresol green. 

8 Clark, Zoller, Dahlberg and Weimar, Ind. Eng. Chein., 12, 1163, 1920. 

b Benton, Ind. Eng. Chein., 20, 15, 1928. 
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EFFECT OF TEMPERATURE 

Since the pH of a solution depends on the degree of ionization of its constitu- 
ents and this may be affected by temperature, the influence of temperature on p^ 
is an important factor. Irrespective of the method of measurement emp oyct 
determinations must be made at a fixed, temperature. In the majority of cases a 
temperature of 25°C. is the most satisfactory although variations in temperature 
from 20 to 30°C. are usually insignificant for practical purposes. 

Certain buffer systems are more sensitive to temperature variations than others. 
This is particularly true of the borate and carbonate series. Solutions that depend 
on a carbonate equilibrium are always susceptible to changes in temperature. 

In the case of nickel solutions not only does the pH change with temperature 
but the color of the solution itself may change. Consequently the blanks used in 
the comparator method should be at the same temperature as the sample to which 
indicator has been added. 

The sulfonphthalein indicators are not influenced by temperature changes to a 
marked degree but methyl orange and indicators resembling methyl orange are 
very susceptible to such changes. The indicators LaMotte Yellow, Hellige Orange 
and Benzo Yellow belong to this class. 


SPECIFIC EFFECTS 


In die case of certain sulfonphdialeins the shade of color depends on concen- 
tration and depth of layer. Dichromatism is most noticeable in practice with such 
indicators as bromphenol blue and bromcresol purple. The transmitted light in 
such cases is primarily red and blue and the ratio of red and blue will vary with 
die depdi of layer. In testing turbid solutions much of the light is reflected by 
the particles and this gives the same effect as a thin layer of liquid and this tends to 
modify the color. In such cases it is advisable to substitute another indicator. 

Off-color, while not exactly common to all indicators may occur in the case of 
most two-color indicators under certain conditions. Suspensions, emulsions, and 
solutions of a colloidal nature may cause this difficulty. Concentrated solutions 
of such salts as zinc chloride and sulfate frequently give off colors with the sulfon- 
phthaleins. Sometimes on standing a precipitate, presumably of basic salts, will 
settle out and the colors then secured on the supernatant liquid may then cor- 
respond with the color standards. In such cases the original solution may appear 
clear to the eye, but it must contain dispersed solids which cause the off-color of 
the indicator. When dealing with such solutions the nitrophenols may be used. 
When tubes and standards are observed through a blue glass satisfactory color dis- 
tinctions can usually be secured. 

The nitrophenols ordinarily employed for this purpose are 2,4-dinitrophenol 
(Alpha) (pH 2.6— 4.0), 2,5-dinitrophenol (Gamma) (pH 4.0— 5.8), p-nitrophenol (pH 
5.6-7.6) and m-nitrophenol (pH 7.2-S.8). The color changes are all from practi- 
cally colorless to varying shades of yellow. 

For further details IVIichaelis and Gyemant 10 should be consulted. 

Difficulty is sometimes encountered in testing soap solutions. In fairly dilute 
solutions the results may be in good agreement with the hydrogen electrode but 
certain indicators tend to give low results as the concentration of soap is in 
creased. This is particularly true of thymol blue. r 

Some indicators are apparently influenced by certain ions in some way not as 


10 Michaelis and Gyemant. Biochem. Z. 
of Hydrogen Ions, 1928, p. 128). 


109, 165, 1920 (see Clark, The Determination 
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yet explainable. Alizarine Yellow G (pH 10.0—12.0), Alizarine Yellow R (p] 
10.0-12.0), nitro yellow (pH 10.0-11.6) tend to give high results in the presence ( 
calcium salts. 

Michaelts 11 has demonstrated the precipitation of brom thymol blue in a soli 
tion of quinine hydrochloride. 

However, not all the sulfonphtlialeins are precipitated by quinine as Michael 
appears to think. Chlorphenol red gives satisfactory readings in such cases. Non 
of the nitro phenols are precipitated by quinine. Precipitation of bromdiymc 
blue also takes place in solutions used as local anaesthetics in dentistry. 

There are a few rare instances in which bronuhymol blue gives results that ai 
slightly lower than those found by oilier sulfonphtlialeins. This has been pointe 
out by Sharp and Mclnerney 12 in the testing of milk. 

Similar results are sometimes encountered in testing concentrated solutions t 
sulfonated oils. 


EFFECT OF CHLORINE 

The action of chlorine must sometimes be taken into consideration in watt 
treatment plants, paper mills, textile mills, etc., whenever die dosage of dilorin 
is high enough to affect the indicators. When such action occurs die results s< 
cured are influenced by the particular indicators in use, die concentration of ind 
cator employed, the buffer capacity of the solution being tested, the temperatui 
and, of course, the concentration of available chlorine. 

In the procedure employed with the Slide Comparator (Fig. 1 1-3) the dange 
point widi the sulfonphtlialeins is about 2.0 parts per million of active chlorim 
Whenever lower concentrations of indicator are employed as in Nessler tubes, etc 
die action of chlorine may cause errors at lower concentrations of chlorine. 

There appears to be two types of reaction, chlorination and oxidation. In Ui 
the case of chlorphenol red and phenol red chlorination appears to predominat 
at first and the chlorinated dyes which result have lower pH ranges than die orij 
inal dyes. This results in an increase in the alkaline color which leads to resuli 
that are higher than they should be. Of course on longer standing if the concei 
tration of chlorine is high enough fading will occur due to destruction of the dy 
by oxidation. In the case of the odier sulfonphthalein dyes die action is largel 
destructive and the readings tend to be low or off colors are secured. 

The nitrophenols are more stable in the presence of active chlorine and ca 
sometimes be used when the concentration of chlorine is as high as 200 parts pt 
million. 13 

One disadvantage of the nitrophenols should be pointed out here. They ar 
all fairly acidic and their solutions are difficult to stabilize at any definite pti 
Consequently they aie more liable to give erroneous results in testing unbuffere 
samples than are the sulfonphtlialeins. 

v'" COLORIMETRIC pH EQUIPMENT 

Colorimetric pH equipment can be made by die worker if desired using buffe 
mixtures in test tubes or ampoules but it is more satisfactory to purchase sue. 
equipment. Several types are available and the outstanding ones will now b 
described in some detail. Fuller descriptions can be secured from the mane 
facturers. 

u Michaelis, Practical Physical and Colloid Chemistry, trans. by Parsons, 1925, p. -11 

12 Sharp and Mclnerney, J. Biol. Chem., 70, 729, 1926. 

« Lewis and Rukolich, Paper Trade Journal, 95, No. 11, 28, Sept. 15, 1932. 
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„ , -t-.. ci;hp Corrmarator consists of two principal 

The Taylor Slide Comparator. The glide is a Bakelite case 

parts, the slide and the base, as s ? k j‘ conta i ns 17 vertical holes and 

slide. 



Fig. 14-3. Taylor Slide Comparator. 


The base consists of two parts. The lower part contains a slot for the slide 
fitted with a key to stop the slide at the end standards, two holes containing vials 
of indicator solution, with 0.5-ml. pipets and nipples, five holes containing test 
tubes, and a closed compartment for a ground glass plate. Horizontal slots run 
through the three central holes in the base holding the test tubes, these slots corre- 
sponding exactly with any three of the slots in the slide. The upper part of the 
base serves as a cover for the vials and test tubes when the set is not in use. It is 
fastened to the lower part by means of spring catches. The complete set, includ- 
ing the slide, is 10 inches long, 2% inches wide and 4 inches high, and weighs only 
2 pounds. 


Making a pH determination consists in only three simple operations. 

1. After removing the top of the base, three of the test tubes are placed in the 
holes back of the slots in the base and filled to the mark (5 ml.) with the sample 
to be tested. (Fig. 14-4.) 

2. To the central tube 0.5 ml. of the indicator solution is added, by means of 
the pipet and nipple, and the contents are thoroughly mixed. (Fig. 14-5.) 

3. The slide containing the color standards is now placed in position on the 
base and, holding the instrument toward a window or other source of daylight 
tire slide is moved back and forth in front of the test samples until a color match 
is obtained. The pH is then read off directly from the values on the front of the 
slide. (Fig. 14-6.) 


Since all color standard slides are interchangeable, that is they can be used with 
one base, the range of a single slide Comparator can be increased by purchasing 
additional slides and a supply of the corresponding indicator solutions, with 
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pipets and nipples. For ranges longer than that of one indicator, however, th 
Long Range and Dalite Slide Comparators are recommended. 

All color standards provided for the various models of slide comparators at 
guaranteed to retain their accuracy for a period of five years. 




He. 14-6. 


.TJ* e R° n g e Slide Comparator .—This set is designed to meet the needs < 
, , S W °. r «l“ ,re a P or tahle set covering a wider range. It is made in seve 
the lirnif^w^o ie J an i* e °* an 7 4. 5. 6, 7, 8, or 9 indicators respectively betwee 
j . ^ ' ? n P^ 13.6. It flexible since its range can be increased simpl 

by securing additional color standard slides. See Fig. 14 7. 

9 R an § e Slide Comparator contains one complete Slide Comparatoi 

with n C ° ° f Stan f ar ^ s bdes; vials of the corresponding indicator solution 
• • pipets and nipples; and fourteen 5-ml. test tubes. All models ar 

inrh^ WH. *JT*?*i WOoden case inches long, 9 inches high and 5? 
is rnnta’ * u & and e for carrying. All equipment necessary for making tesl 
me in e case so that these sets can be used in field, laboratory or plant 
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Fic. 14-7. Long Range Slide Comparator. 


The total weight of the set varies from V /2 lbs. to 914 lbs. depending on the num- 
ber of slides. 

The method for making determinations is exactly the same as that described for 
the single Slide Comparator. 

Dalite Slide Comparator .— In many cases it is necessary to make pH determina- 
tions at night. Also in many plants even during the day time the light is not suit- 
able for this type of work. The use of ordinary electric light bulbs and even the 
so-called dalite bulbs is not satisfactory. The Dalite Slide Comparator, Fig. 14-8, 



Fic. 14-8. Dalite Slide Comparator. 
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enables the worker not only to make determinations at night with just as great 
accuracy as during the day but also assures him that measurements made at night 
will check those made on the same materials by ordinary daylight. 

The set is made in 6 models to cover the range of any 3, 4, 5, 6, 7 or 8 indi- 
cators respectively between the limits of pH 0.2 and pH 13.6 in intervals of 0.2 
pH. The set is flexible since its range can be increased simply by purchasing 
additional color standard slides and vials of die corresponding indicator solution. 

The pH equipment supplied with this set consists of one complete Slide Com- 
parator; any 2 to 7 additional color standard slides; vials of the corresponding 
indicator solutions with pipets and nipples; and ten 5-ml. test tubes. Each 
slide contains 9 color standards for any given indicator and these slides fit in slots 
in the front of the case as shown in the illustration. Each vial of indicator solution 
is placed directly above die corresponding color standard slide, thus eliminating 
error due to the use of the wrong indicator solutions. A top protects the vials 
when die set is not in use. 

The comparator base is supported by a shelf on die front of the box. Directly 
behind the slots in the base is a piece of Dalite glass and in die compartment 
behind this is a special 25-watt electric light bulb, with cord, switch, and socket. 
In the lower part of the box is a cupboard of sufficient sire to hold four 1000-ml. 
Pyrex bottles. This cupboard serves not only as storage for stock bottles of indi- 
cator solution but also to bring the comparator to a convenient height for making 
readings. A rack on the inside of the door holds ten 5-ml. test tubes. A test tube 
brush is also supplied with the set. 

In making determinations three of the 5-ml. test tubes are filled to the mark 
with the solution to be tested, the proper color standard slide is placed on the 
base and 0.5 ml. of the corresponding indicator solution is added to the middle 
tube by means of the pipet and nipple. The light is then turned on and the 
slide is moved back and forth until a match is obtained with one of the color 
standards. The pH value is then read ofl directly from the values on the slide. 

The Roulette Compara tor .—' The Roulette Comparator consists essentially of a 
stationary base and metal band, and a wooden drum which revolves inside the 
metal band, on ball bearings. A block, which contains three slots, and which is 
drilled to hold three graduated test tubes, is fastened to the front of the metal 
band. A 40-watt lamp is fixed in the center of the base and is connected with a 
standard plug by means of a lamp cord, a piece of Dalite glass is placed in the 
back of the block between the three test tubes and the color standards, and a piece 
of etched glass is placed in a slot in the block directly in front of the three test 
tubes, The block also serves as a visor to cut out light from the outside. With 
tliis arrangement the observer always makes his readings under standard, diffused 
daylight conditions. See Fig. 14-9. 

Any three sets of color standards such as chlorphenol red (pH 4.8-G.4), brom- 
th)mol blue (pH G.0-7.6) and phenol red (pH 6.8-8.0) and 24 ampoules of dis- 
tilled water, are supplied with the set. An extra polished wooden case, containing 
50-ml. bottles of the corresponding indicator solutions, 1 empty 50-mi. bottle, four 
0.5-mI. pipets with nipples, and 18 marked test tubes, is included as part of die 
equipment. A fabricoid cover is provided for tire comparator. 

The revolving drum contains three separate sets of holes, each set being de- 
signed to hold 9 color standards and 8 ampoules of distilled water. The color 
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Fig. 14-9. LaMotte Roulette Comparator. 


standards are placed in position in order alternating with the ampoules of dis- 
tilled water. To make a determination three test tubes are filled with the solution 
to be tested and placed in the three holes in the block. Then 0.5 ml. o£ indicator 
solution is added to the middle tube and mixed thoroughly. The light is turned 
on and die drum revolved until die appropriate standards are behind die test 
sample. The standards are then shifted by turning the drum until the color 
dirough the middle tube exactly matches that of one of the standards on either 
side of it or lies between diem. The pH value is then read off directly from the 
color standards as die labels on the standards project above the top of the drum. 
In making a reading the drum must be turned so that an ampoule of distilled 
water is always directly behind the central test tube. 

There is only room for three sets of color standards. Consequently, if the pH 
of die samples falls outside of the range of these three indicators, another set must 
be substituted for one of the sets present. 

The individual color standards are contained in ampoules approximately 125 
mm. long having an outside diameter of 15 mm. The test tubes are made to match 
die standards and are graduated at 10 ml. The color standards are guaranteed for 
one year. 

The Hellige Comparator .— The Hellige Comparator (standard model), Fig. 14-10, 
consists of a Bakelite housing with hinged front and rear covers and a dustproof 
enclosed prism for bringing the color fields into juxtaposition. Two acid-proof 
cemented cells with plane and parallel walls are provided. One cell is to receive 
the unknown solution with indicator, the other to receive die test solution without 
indicator. This arrangement provides for color comparison with colored or turbid 
liquids as well as clear solutions. 

In addition to die prism and cells the comparator is supplied with four round 
measuring tubes with graduations from 5 to 10 ml. in 1/1 ml. for measuring the 
test solution, 1 pipet with graduations 0.20, 0.25, 0.5 and 1.0 ml. for measuring 

die indicator solution, 1 opal glass plate, 50 ml. of indicator solution and 1 color 
disc. 
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Each color disc consists o£ a molded resin circular frame with a number (usually 
9) of colored glass standards each one representing 0.2 pH so arranged that they 
can be revolved in die comparator. The color glass standards are made from 
variable layers of colored glass held together to simulate the colors resulting when 



Vic. 14 10 Helligc Comparator. 


buffer solutions of known pH are treated with the respective indicator. The value 
of each standard is placed on the disc so that it is visible in a special opening when 
that particular standard is in the reading position. Only one color standard is 
visible at a time. Separate color discs are provided for the various indicators. 

An illuminator with stand can also be secured to provide the proper artificial 
illumination. 


Chapter 15 


ELECTROMETRIC HYDROGEN 
ION MEASUREMENTS 

Based on earlier contribution 

By W. N. Greer 

Senior Consulting. Engineer, Analytical Instruments, 
Leeds and Northrup Co. 


Electrometric hydrogen ion (pH) measurements are made with a suitable elec- 
trode system as the detecting unit and a potentiometer, or a direct-reading pH 
meter as die measuring units. The electrodes develop a potential (e.m.f.) propor- 
tional to die pH of the solution being measured. The potentiometer and pH 
meter measure e.m.f. and are discussed in that order. 

POTENTIOMETERS 

In order to determine the pH from the difference in potential of two electrodes, 
the voltage must be measured without allowing any appreciable current of elec- 
tricity to flow from the cell, for with current 
flowing the voltage changes, owing to polari- 
zation effects at the electrodes. For this rea- 
son the measurement cannot be made with a 
voltmeter, because current is required to 
actuate such an instrument. The potentiom- 
eter is an ideal instrument for measuring 
voltage with no current flowing from the 
source. To show how this instrument oper- 
ates, a brief explanation of the potentiometer 
principle is given here. 

The slidewire MN, Fig. 15-1, represents an 
electrical conductor of uniform resistance, 
along which is placed a scale graduated in 
uniform divisions. The battery B causes a 
steady flow of electricity in this conductor. 

1 his is called the working current. The 
magnitude of this current can be changed by 
adjusting the rheostat R. With current flow- 
ing from M to N, M is positive with respect 
to any point O between M and N. Since the 
resistance is uniform, the fall of potential is Fig. 15-1. 

uniform per unit length. 

If EE, represents the cell for pH measurements the calomel electrode is the 
positive pole, which is connected to M through the galvanometer G. This puts 

B07 ^ 
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like polarities in opposition. By adjusting the position of O the potential diifen 
ence between M and O can be made exactly equal to that between E and 
When the voltages are balanced the deflection of the galvanometer is zero, and 
since this is a current indicating instrument, it proves that no current is flowing 
between the electrodes. Then if the fall of potential between At and O is known, 
the voltage of EE is measured without any flow of current from the electrodes. 

The fall of potential between At and O is determined when there is a known 
potential difference between At and A r . This is established by replacing the pH 
measuring electrodes with a standard cell S, by means of the switch K. If the 
voltage of the standard cell is, for example, 1.018 volts, the scale on MN is gradu- 
ated in 1018 uniform divisions, and the current is adjusted by means of the 
rheostat R until the galvanometer shows no deflection. The potential difference 
between At and N is then 1.018 volts, and the fall of potential for each scale divi- 
sion is .001 volt, or 1 millivolt. If the pH cell is now substituted for the standaid 
cell, the potential difference between the electrodes will be shown directly in milli- 
volts by the number of scale divisions between Af and O when they are adjusted 
for voltage balance. 

The accuracy of the measurement depends upon the standard cell voltage and 
the uniformity of the slidewire (MN) resistance. Since this uniformity can be de- 
termined with practically any desired precision, the accuracy of measurement de- 
pends principally on the constancy of the standard cell voltage, and the method is 
therefore a primary method. 

Potentiometers are available with various voltage ranges and accuracies, some 
designed for portable use. Tables or equations for converting voltage readings to 
pH values for all electrodes at various temperatures are obtainable. Some forms 
of potentiometers are calibrated directly in pH, means being provided to correct 
for solution temperatures. 

In addition to the well-known standard types of potentiometers, there are various 
types of vacuum tube potentiometers. These have been designed primarily for 
use with the high resistance glass electrode circuits. The resistances involved are 
too high to permit of the use of any except high sensitivity galvanometers, and 
only then with the low resistance glass electrode (2-6 megohms). Due to die 
high resistances involved it is necessary that precautions be taken for properly 
shielding the potentiometer circuit. This is provided for in most of the commer- 
cially available instruments. 

It is well to distinguish between accuracy and sensitivity. It is possible to have 
high sensitivity and low accuracy, and on the other hand to have conditions which 
would give high accuracy, if there were sufficient sensitivity. The sensitivity de- 
pends principally on the galvanometer used. If, with an arrangement not capable 
of very accurate results, a very sensitive galvanometer were used, its indications 
would be misleading if the sensitivity were not distinguished clearly from accuracy. 

The most important factors affecting accuracy of results are the accuracy of the 
measuring instrument used, the character of the solutions being measured and the 
electrodes used, and the accuracy with which, the reference electrode potential is 
known. 


DIRECT-READING pH METERS 

The negative-feedback principle is widely used in the design of direct-reading 
pH meters. Fig. 15-2 shows the important features of such a circuit. The glass 
electrode is connected to the grid of an electrometer tube T*j. This increases the 
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negative potential of the grid and so reduces *e 

,he S voltage drop across the plate : rests ance o th^tube, ^ ^ ^ 

^ ^ if L ne8a,ive 

change across the meter will shot, an 
inaeieT decrease ta value as the plate voltage at T, changes. Current then 



passes through the meter and the feedback resistor to the circuit ground. The 
voltage developed across the feedback resistor is applied to the reference electrode 
through a Temperature Adjust rheostat or other type of temperature compensation. 
The feedback voltage is opposite in polarity to the voltage signal from the glass 
and reference electrodes. When the voltage across the feedback resistor reaches a 
value equal to the voltage signal between the glass and reference electrodes, a 
steady current is maintained in the output circuit and the meter indication is 
directly proportional to die signal voltage. 

A direct-reading instrument has few manipulative steps, and is adaptable to con- 
tinuous recording or control of industrial operations or processes. Temperature 
compensation can be provided by causing the feedback current to flow through a 
temperature-sensitive resistor located in die input circuit to supply the balancing- 
voltage. If this resistor is placed in the solution to be measured, temperature 
compensation can he achieved automatically. pH measurements can be made 
within ±0.1 pH unit. When buffer standardizations are made, the meter needle is 
set to the pH of die buffer by the standardization control knob. This control also 
compensates for electrode asymmetry potential and instrument drift. 
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ELECTRODE SYSTEMS 

A single electrode is not sufficient lor pH measurements because there is no 
convenient method for measuring its potential, but the potential of two electrodes, 
the absolute potential of one of which is known and is unaffected by pH, can be 
compared. It is therefore customary to use a fixed electrode as a reference, and to 
use as a measuring electrode one best suited to the measurement at hand. 

For those who are not familiar with die theory relating e.m.f. of electrodes and 
pH, the reader is referred to the treatise on hydrogen-ion measurements by Brit- 
ton, Hydrogen loirs, D. Van Nostrand Company, 1956. 

Reference Electrodes. Calomel Electrode. 
—The calomel electrode is almost universally 
used as a reference electrode, due to its con- 
stancy of potential and ease of preparation. 
The calomel electrode is one in which mer- 
cury and calomel are in contact with a defi- 
nite concentration of potassium chloride. 
These are contained in a vessel which may 
vary in design according to conditions of 
use. Two common types of calomel elec- 
trode are shown in Fig. 15-3; (a) is a com- 
mercial type with fiber contact, (b) is the 
same except for the ground-glass joint. 

The potential of the mercury with respect 
to that of the solution depends on the con- 
centration of mercurous ions from the calo- 
mel, but this is governed by U)at of chloride 
ions, which are produced in the solution by 
potassium chloride as well as by calomel. 
The proportion of the total number of 
chloride ions that is due to the potassium 
chloride varies with the KC1 concentration. 
The voltage of the calomel electrode there- 
fore depends on the concentration of potas- 
sium chloride in the electrode solution. Saturated, normal and tenth normal solu- 
tions are used. 

The saturated calomel electrode is used more generally than either of the others. 
It is more easily prepared, and has some particular advantages. 

Special precaution must be taken to prevent diffusion between the saturated 
solution of a salt bridge with the less concentrated solutions of the normal and 
tenth normal electrodes, whereas with die saturated electrode there is no tendency 
toward diffusion. When diffusion is prevented the potentials of the normal and 
tenth normal electrodes are fairly stable at room temperatures, but at higher 
temperatures it is difficult to prevent diffusion, with its resulting error in potential. 
The saturated electrode shows no change in potential between 5° and 60°C., other 
than diat due to temperature. The temperature coefficient is approximately 
0.8 millivolt per degree C. Another advantage of die saturated calomel electrode 
is that its conductivity is high, which makes for increased sensitivity. 

An objection to the saturated electrode is dial the solution may creep over the 
edge of the containing vessel with die resulting formation of masses of crystals. 



Opening to inner ^ 

KCI solution 
Ground-gloss joint ^ 

Fic. 15-3 Refeience Electrodes, 
Commercial type with fiber contact; 
(b) Same, but with ground-glass joint. 
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This is avoided in the design shown in Fig. 154, if the electrode is immersed in 

a container of distilled water when not in use. 

For accurate and reliable potentials, extremely pure chemicals must be used in 

calomel electrodes. Mercury specially purified and calomel producec 
by electrolysis for the purpose can be commercially obtained in appro- M 

priate quantities, and their use is recommended. Chemically pure |fl 

potassium chloride dissolved in distilled water is a suitable solution for 
use with them. 

The saturated electrode is easily prepared. For a saturated KU 
solution put the salt into warm distilled water in a beaker and stii it 
thoroughly with repeated addition until no more of it will dissolve. 

Then stir in enough calomel to saturate tire solution. A small quantity 
is sufficient as it is not very soluble. When the solution is cooled to 
room temperature, it should contain undissolved potassium chloride and 
calomel. Prepare enough solution to fill a reservoir for flushing the 
electrode from time to time. Add sufficient mercury (amount depends 
upon construction of electrode) to make contact with the platinum ter- 
minal, and sufficient calomel (Hg 2 Cl 2 ) to assure saturation, an excess is 
advisable. Moisten' with saturated KC1 solution, shake vigorously, and 
then nearly fill with saturated KC1 solution. If the electrode is not of 
the self-hushing type, care must be exercised in hushing the salt bridge occasionally. 

Silver Chloride Electrode.— Comparable in principle to the calomel electrode 
is the silver-silver chloride electrode. It has largely been used in studies on activi- 
ties of chlorides in solution, but has also received attention as a reference in pH 
measurements. This electrode is not as readily prepared as is the calomel electrode, 
but it is highly reproducible, stable over extended periods of time, 
and has a small temperature coefficient. 

The potential of the silver-silver chloride electrode depends upon 
the method of preparing the silver and the chloride. Methods have 
been described by Brown, 1 2 Harned,- Mclnnes, 3 Noyes and others. 1 

Measuring Electrodes .— The glass electrode is by far the most widely 
used measuring electrode, especially for analytical control work. How- 
ever, the others have various, though more limited applications, and 
the hydrogen electrode is the ultimate standard. Therefore the various 
types require description. 

Hydrogen Electrode.-The hydrogen electrode consists of a noble 
metal coated with platinum black, immersed in the solution and under 
a definite partial pressure of hydrogen gas. Such an electrode is illus- 
trated in Fig. 15-5. Means are provided for introducing the hydrogen 
gas, and allowing the gas to escape without forcing the solution en- 
tirely away from the metal. 

Electrodes with large surfaces are generally not advisable as they are 
more difficult to saturate with hydrogen and therefore come to equilibrium less 
quickly. ^ 

In work with ordinary chemical solutions, and when high accuracy is not essen- 
tial, the solution being measured may be contained * 


A 




4 


Fig. 15-5. 


1 J. Am. Chem. Soc., 56, 646, 1934. 

2 J. Am. Chem. Soc., 55, 4849, 1933. 

s J. Am. Chem. Soc., 37, 1445, 1915. 
* J- Am. Chem. Soc., 39, 2532, 1917. 


m an open vessel, but the 
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electrode potential will be slightly influenced by oxygen absorbed from the air. 
For precise work die vessel should be stoppered with provisions for carrying the 
electrodes through the stopper, and for allowing die gas to escape. 

An electrode is said to be in equilibrium when its potential remains constant 
if die solution does not vary. The potential of the hydrogen electrode is not 
constant until the platinized surface is saturated with hydrogen, and any reducing 
action due to hydrogen is completed. 

Limitations.— In some solutions, notably biological fluids, the platinum black 
may become clogged widi substances which prevent absorption of hydrogen. The 
hydrogen electrode cannot be used in solutions containing strong oxidants like 
ferric ion, dichromates, nitric acid, peroxides, and chlorine, nor in those containing 
strong reductants, such as sulfurous acid (S0 2 ) and hydrogen sulfide. Some organic 
compounds are very susceptible to reduction, particularly those of the aromatic 
series, such as azobenzene, aniline dyes and some unsaturated acids. In a solution 
containing either oxidizing or reducing compounds, a noticeable drift in the volt- 
age occurs and a balance is difficult to obtain. The oxidizing or reducing action 
must be completed before the voltage is steady. The measurement is not trust- 
worthy, for the pH value of die solution may be seriously changed in such reactions. 

The hydrogen electrode cannot be successfully applied to solutions containing 
metal ions that fall below hydrogen in the electromotive series of metals and, 
also lead, all of which are reduced on die platinum electrode. 

Platinizing the Electrodes .— The film of platinum black is deposited by electrolysis 
in 3% platinic chloride solution containing 0.025% lead acetate. The electrode 
should be thoroughly cleaned before platinizing. Using two dry cells in series it 
usually requires from SO seconds to I minute to deposit the platinum black. Ex- 
perience will determine the amount of plating necessary. The electrodes should 
be washed with distilled water, and immersed in distilled water when not in use. 
The electrodes should not be allowed to dry thoroughly. 

Hydrogen Gas .— A very convenient source of hydrogen is the compressed gaS 
supplied commercially in metal cylinders. A cylinder containing 100 or 200 cubic 
feet is commonly used in the laboratory, while small cylinders are available for 
portable use. 

Compressed hydrogen produced by electrolysis may be sufficiently pure to use 
directly from the cylinder for measurements ol ordinary accuracy, but it is common 
practice to pass it through solutions of potassium hydroxide and pyrogallol and 
then through water to remove traces of oxygen and other impurities that would 
affect the potential of the hydrogen electrode. 

Quinhydrone Electrode.— Some of the difficulties encountered in the use of the 
hydrogen electrode are avoided by using a quinhydrone electrode. The basis of 
this electrode is a piece of platinum or gold the same as used for the hydrogen 
electrode, but the surface of the metal is not platinized and it is not supplied with 
gaseous hydrogen. Instead, a small quantity of quinhydrone (benzoquinhydrone) 
is dissolved in the solution, and in certain conditions the electrode in die solution 
acquires a potential that is definitely related to the hydrogen-ion concentration of 
die solution. The potential is measured against diat of a calomel electrode, and 
the pH value is found from the measured voltage in the same manner as with a 
hydrogen electrode. 

Biilmann 5 was the first to describe the quinhydrone electrode for the pH 

s Ann. Chim. Pbys., 15, 109, 1921. 
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measurements Morgan, Lammert and Campbell « have published a series of 
papers covering detailed studies of this electrode. The quinhydrone electrode is 
auickly prepared, develops its potential rapidly and is not readily poisoned. 

1 Rather than describe the method of preparing quinhydrone, it is suggested ^ that 
this material be obtained from chemical manufacturers or suppliers of high gr 

Although the quinhydrone electrode can be applied successfully to many soli - 
tions containing oxidizing and reducing substances in which the hydrogen electrode 
would give erroneous results, still it is not applicable in all cases. Measurements 
have been made with it on dilute nitric acid solutions, unsaturated organic acids, 
and on a variety of oxidizing systems that are of too low an oxidizing intensity to 

disturb the electrode potential. . _ 

Limitations — The quinhydrone electrode is not applicable over the entire pH 
range. In tire acid range, pH 0 to 7, it is excellent. In alkaline solutions strongly 
buffered, results of fair accuracy can be obtained to about pH 9.0. In solutions 
poorly bufEered, the upper limit is approximately pH 8.0. In the latter case it is 
essential not to add an excess of quinhydrone, because it reacts with the alkali 
and changes the pH value of the solution. About 6 to 8 drops of a saturated 
solution of quinhydrone in acetone is sufficient for 50 ml. of test solution. 

If the pH value of a solution measured with a hydrogen electrode differs from 
that with a quinhydrone electrode, the difference may be due to the “salt error” 
in the quinhydrone value. The hydrogen electrode is assumed to have no salt 
error. The magnitude and sign of the salt error (positive or negative divergence 
from tire correct pH value) of the quinhydrone electrode depends upon the type 
and concentrations of the salts present in the solution. The salt error in nickel 
plating solutions of total salt concentration about 2.0 N is below +0.05 pH. In 
a 10.0 N ammonium sulfate solution it is approximately —0.2 pH, while in a 
4.0 N sodium chloride solution it is approximately +0.2 pH. Since most solutions 
are far more dilute than these, the salt error is generally negligible. 

In high purity (99%) sugar solutions the quinhydrone electrode gives values 
which are approximately 0.2 pH low, while on low purity products, such as 
molasses, the values are high. Over purity ranges of 80% to 97% the quinhydrone 
electrode gives good results. 

Antimony Electrode.— Of the various metal and metal oxide electrodes that have 
been described, the antimony electrode has proved to be the most satisfactory. It 
does not require gas or a catalytic surface as does the hydrogen electrode; it does 
not require the addition of a reagent as does the quinhydrone electrode. The 
antimony electrode is not readily prepared, but once made up is useable for very 
extended periods. It may be obtained commercially ready for use. It is a rugged 
electrode and in certain designs is used industrially for continuous plant service. 
The inherent accuracy of the antimony electrode is not as great as is the hydrogen 
or the quinhydrone electrode. ; ° 

Limitations.— These have been described by Perley.- Notable amono- them is 
that the e m.f.-pH relation varies with the degree of buffering of the solution, and 
:!: a A^ e . d , eg " e °l SatU , rati0n with air > particularly below pH 7, affects the poten- 


tial-pH relationship. The antimony electrode is not applicable’to solutions which 
<i oxicizmg or are strongly reducing, nor in solutions containing more than a 

t L Am - Che 'n. Soc., 53, 2154, 1931 and 54, 910 1932 
‘ Trans. Am. Inst. Chem. Engrs., 29, 1933, 



314 ELECTROMETRIC MEASUREMENTS 

trace of copper, silver, or other metals below antimony in the electrochemical 
series of the elements. However, under known conditions this electrode serves a 
very useful purpose in measuring pH over the range of pH 3 to 12. It is being 
used quite extensively in sugar solutions (beet, raw cane, and refinery), paper 
mills, water treatment, pigments, etc For measurements on a given sample 
extending over long periods of time, this electrode is particularly suitable. 

Glass Electrode.— The work Hughes, 8 Kerridge, 0 Mclnnis and Dole, 10 * m and 
others have shown the possibilities of die glass electrode. A typical glass electrode 
is shown in Fig. 15-6. The shell of the electrode consists of a small bulb or tip of 
special glass sealed to a stem for ordinary Pyrex 
glass. In this manner the hydrogen ion response is 
confined entirely to the area of the special glass 
membrane, eliminating any variance caused by the 
depth of immersion so long as the tip of the elec- 
trode is completely wetted by the solution. Inside 
die bulb is a dilute hydrochloric acid solution, and 
dipping into this is an internal reference electrode, 
which is generally eidier a silver-silver chloride elec- 
trode or a calomel electrode. The inner cell is 
tightly sealed from the atmosphere by means of a 
wax or plastic dielectric and a nietal or plastic cap. 
The connecting leads are shielded and the shield 
grounded to the measuring circuit. The glass elec- 
trode assembly is dipped into the solution under 
examination together with an external reference 
electrode. Owing to the very high resistance of the 
glass, 10 to 100 megohms, die e.m.f. of the assembly 
must be measured with special vacuum tube volt- 
meters. 

Many glass compositions have been investigated 
for Uieir pH response. The soda-lime type com- 
monly used. Corning 015, is the eutectic of the ternary system Si0 2 -Ca0-Na 2 0, and 
is composed of 72.2 mole per cent SiO.,, 6.4 mole per cent CaO, and 21.4 mole per 
cent Na.,0. This glass has die desirable properties of low melting point, high 
hygroscopicity, and relatively high electrical conductivity. These factors, plus 
durability at high temperatures and high alkalmities, resistance to abrasion and 
pressure when pressed onto surfaces, as well as whether the pH response is linear, 
must be considered in the fabrication of a glass electrode. 

General purpose glass electrodes are characterized by relatively low electrical 
resistance, permitting construction of glass tips so thick di.it they are practically 
unbreakable. The pH response of these electrodes follows a linear relation very 
well between pH 1 and pH 11. In more alkaline solutions the observed values of 
pH are too small and must be corrected from nomographs supplied by die manu- 
facturer. The error at a given pH increases with increase of the concentration of 
alkali metal ions, especially sodium ion. Above pH 12 these corrections become so 
large that even with corrections an accurate pH value cannot be obtained. 

8 J. Am. Chem. Soc., 44, 2860, 1922. 

8 Biochem, J., 19, 611, 1935. 

10 hid. Eng. Chem., Anal. Ed., 1, 57, 1929. 

11 J. Am. Chem. Soc., 53, 3315, 1931. 
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The sodium error at high pH can be reduced considerably by substituting 
lidTium or lithium plus a littk cesium or rubidium, for sodium m the compost- 
. of the "lass One glass with small sodium error at high pH is composed of 
65 mole per ceni Sio", 28 mole per cent Li 2 0, 3 mole per cent Cs = 0 and 4 mole 
per cent P La.,0 3 . Barium oxide may be substituted for cesium and lanthanum. 
Small amounts of the larger-size barium, cesium, or lanthanum ions apparently 
diminish the sodium error by their blocking action. The small sodium ions are 
less able to find the opening sufficiently large for their migration from one hole 
to another in the glass membrane or into the glass-solution interface. 1 - Lithium 
"lass electrodes are generally used in the pH 9 to 14 range because of their lower 
sodium ion errors in high alkaline solutions. Special types of glass electrodes are 
available for high-temperature measurements over die entire pH range. Even in 
highly alkaline solutions at the boiling point some of these electrodes will show 
only 0.2 pH deviation at pH 13.7 in 1 M sodium hydroxide. These types should 
be standardized with buffer solutions in the high pH range when used in alkaline 


solutions. 

Since the mechanism of die glass electrode involves no electron exchange, it is 
the only hydrogen-ion electrode not disturbed by oxidizing or reducing agents. 
The glass electrode does not affect the solution under examination. This permits 
poorly buffered solutions and those containing volatile components or suspended 
matter to be measured. 


Commercial glass electrodes are made in many forms for special applications 
(Fig. 15-7). Some electrodes require only a volume of one drop, although gen- 
erally a volume of 5 ml. is required to cover completely the sensitive portion of 
the glass bulb. 

Limitations— In solutions of proteins and other colloids that tend to adhere to 
the sensitive membrane, the glass electrode may yielcj erroneous results. It cannot 
be used in an acid fluoride solution. Only special types will withstand prolonged 
use at 100°C. and in strongly alkaline solutions. Difficulty may be encountered 
when the glass electrode is used in nonaqueous media, due to partial dehydration 
of the glass membrane. 


Measurements with the Glass Electrode .— The first step is standardization of the 
instrument. This is done by immersing the glass and calomel electrodes into a 
buffer of known pH, setting the meter scale or needle to the pH of the buffer, 
and adjusting the proper controls to bring the amplifier circuit into balance. The 
pH of the standard should be within one, or at the most two, units of the pH 
of the sample to be measured. For highest accuracy the instrument should be 
standardized at one pH and checked against a second standard buffer so that 
the two buffers bracket the pH of the test sample. If measurements are made 
widtin 2 pH units of the buffer value, a 10°C. temperature variation will result 
in an error of less than 0.07 pH. 


A glass electrode exhibits a very fast response to rapid and wide changes of 
pH in buffered solutions. However, valid readings are obtained more slowly in 
poorly buffered or unbuffered solutions, particularly when changing to these from 
buffered solutions as after standardization. The electrodes should be thoroughly 
washed with distilled water after each measurement and then rinsed with several 
portions °i the next test solution before making the final reading. Poorly buffered 
solutions should be vigorously stirred during measurement: otherwise the thin 


12 Perte >'' G - A -. Anal. Chain., 21, 391, 394, 559, 1949. 
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layer of solution at the glass solution interface tends towards the composition of 
the particular kind of pH-responsive glass. 

The glass electrode should not be allowed to become dry, except during long 
periods of inactivity. However, it will return to its responsive condition when 
immersed in water for several hours prior to use. Electrodes constructed from 
special glass are available for continuous use at temperatures not exceeding 85°C. 
and for intermittent use up to 100°C. Glass electrodes of special construction are 
also available for operation under pressure conditions. A special reference elec- 
trode must be employed at elevated temperatures and under pressures above at- 
mospheric. Only a si'ver-silver chloride reference electrode performs satisfactorily. 



Chapter 16 


STATISTICAL INTERPRETATIONS 

By W. J. Youden 

Applied Mathematics Division 
National Ikucau of Standards 
Washington, D. C. 


PRECISION OF ANALYTICAL DETERMINATIONS 

The analytical chemist is concerned, first of all, with the reproducibility of his 
results. If the results of duplicate determinations do not check each other, it is 
hopeless to expect them to check a known value. Lack of reproducibility means 
that some condition affecting the result is not being adequately controlled. An- 
alytical chemists have long been aware that it is easy to be misled on the question 
of reproducibility. If one solution is prepared for a colorimetric determination 
by dissolving a sample and following a sequence of steps preparatory to using the 
colorimeter, there is only one determination. Aliquots from tills one solution will 
reveal only the performance of the instrument and will tell nothing about the 
differences that might be found between two solutions prepared from separate 
poitions of the sample. The trap here is perfectly apparent. However, many 
chemists overlook the fact that txoo or more determinations, run in parallel on 
the same bench, on the same day, using the same reagents, etc., will almost cer- 
tainly give a misleadingly optimistic impression of die real reproducibility of die 
procedure. Every analytical chemist should carefully specify the circumstances 
under which he expects any claimed reproducibility to be actually attained. If 
these circumstances refer to the agreement between results obtained in two or more 
laboratories on the same sample, the experienced analyst will recognize that this is 
a much more severe test of the procedure than would be parallel determinations 
on the same bench. 

Experience has shown that the widun-Iaboratory precision is, for all practical 
purposes, very much the same for different laboratories. The results from several 
laboratories differ because there are individual laboratory peculiarities, such as rea- 
gents, the environment, and the interpretation of the procedure, that are tempo- 
rarily constant Cor each laboratory. In different laboratories die reagents may differ 
in source and in age. The temperature, humidity, and light will be different, and 
the analysts may differ in the way in which they follow the instructions. These 
circumstances affect the determinations made within a laboratory in the same way 
and, therefore, do not disturb the agreement of duplicate results within a laboratory. 
The presence of such temporarily constant errors is demonstrated by the frequent 
lack of agreement shown by the results from several laboratories. It is, therefore, 
not surprising that the agreement among laboratories falls short of the agreement 
among results within any one laboratory. 
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Very often, for research studies within one organization, the withindabqratory 
agreement Is the appropriate measure of the analytical errors. The compemon of 
different samples, for example, is largely free from constant errors, whatever their 
source. This follows because, in taking a difference, constant errors drop out Even 
here, attention must be paid to the circumstances. If a study is made of changes m 
the composition of a material stored for an extended period of time, the analytical 
error may approach that applicable for comparisons between laboratories. Over 
an extended time period, reagents will be replaced, analysts may change, anc .sea- 
sonal changes may occur. None of diese sources of error will be lcvealed by up t 
cate determinations conducted in parallel. The analytical chemist must always bear 
in mind tire use to be made of the analytical results, because the analytical error 
depends to a considerable extent upon the circumstances involved. 

It is common to say that precision refers to the agreement of duplicate results and 
that accuracy refers to the error as measured from the true value. 1 here is a suit- 
able precision for every set of circumstances under which comparisons are made. 
There is always a local, more or less permanent, set of circumstances that introduces 
a systematic departure from the true value. Analytical chemists are engaged in 
devising analytical procedures and in carefully specifying them so that these sys- 
tematic errors are kept small. Only then do results from different places show 
acceptable agreement. An analytical procedure should not be vulnerable to small 
departures from the conditions prescribed for making the determinations. At the 
very least, small departures from the procedures that are likely to occur in practice 


should be explored. 

Suppose, for example, that the volume of reagent, the time and temperature of 
digestion, the concentration and temperature of the washing solution are among 
the specified conditions for conducting the analysis. Besides determinations con- 
ducted strictly according to specification, some determinations should be made 
changing each condition in turn by a small amount. The results should also be 
independent of moderate changes in environment or sources of reagent, and these 
should be investigated. Of course, if the procedure specifically indicates the im- 
portance of holding particular conditions within certain close limits, these limits 
must be respected. The spread of the results of determinations in which such 
minor departures have been purposely introduced will be a much more realistic ap- 
praisal of the checks that can be expected when different laboratories use the pro- 
cedure. Let x v x.y, . . . , x n be n individual results where n individual minor de- 
partures from the procedure have been tried. The estimate, s, of the standard 
deviation, a, is given by 


= ~ (SX)2 /' 1 


Of course, if any of die results are obviously apart from the group, this departure 
fiom the procedure should be followed up. It may be necessary to include a warn- 
ing for the conditions responsible. Such results should be omitted from the calcu- 
lation of the standard deviation. 

The me of the precision as estimated from parallel rum is justified only when 
tile determinations to be compared have also been carried out either in mrallel 
or under as favorable circumstances as those that existed for the runs used for 
estimating the precision. Very often a considerable number of ma erias have 
been run duplicate. These duplicates can be used to estima teX ^eci ion 
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I£ duplicate results are available on each of n materials, the n differences, d v do, 
. . . , d n , can be used to calculate an estimate, s, of the standard deviation by sub- 
stituting in the formula s — V2d 2 /2n. 

The samples should cover a range of amount of the element involved. The 
individual d’s should be plotted against the sample averages to reveal if the error 
depends on the amount present Sometimes the error is proportional to the 
amount present In that event it is useful to express the standard deviation as a 
percentage of the amount present, the ratio being called the coefficient of variation. 
A quick approximation for the coefficient of variation can be obtained by first 
converting each difference to a percentage of the average of the duplicates. These 
percentages, p v p 2 , , p n , may be substituted in the formula, C.V. = V2p 2 /2tf, 

to estimate the coefficient of variation. It may sometimes suffice to group the ma- 
terials into two or three classes on the basis of the amount present and to calculate 
a standard deviation for each class. Fitting a straight line when the analytical error 
\ aries with die amount present requites weighting of the data. Textbooks on 
statistics should be consulted when this problem arises. 

In a routine process, the adequacy of the sampling may be ascertained by run- 
ning one determination on each of two samples from each lot sampled. These re- 
sults are treated as duplicate results. The standard deviation is calculated as above 
using the formula for differences. If the standard deviation computed when using 
individual analyses from duplicate samples is persistently larger than that calcu- 
lated from duplicates on the same sample, this is evidence that tire sampling is con- 
tributing to die error. 

A good estimate of die standard deviation requires a considerable number of 
independent measurements. Even with 20 independent errors, the standard 
deviation may be either underestimated by as much as 25% or overestimated by 
approximately 50%. For this reason, the accumulation of information from 
many pairs of duplicates is highly desirable. 

ACCURACY OF ANALYTICAL DETERMINATION 

Analytical procedures are tried out in most cases on “known" materials. These 
may be standard samples, or purified substances, or materials run by some odier 
accepted, and perhaps more tedious, method. Whenever possible, a number of 
such known materials should be used rather than running a lot of determinations 
on just one material. Considerably more can be learned from one or two determi- 
nations on each of several materials than from the same total number of determi- 
nations on just one material. 

Suppose there are n materials available covering a range of amount of the item 
to be determined. Designate the known values by x v x 2 , .... x n and the results 
of single determinations by y v y 2 , ... , >•„. Prepare a graph using the known 
values as abscissas and the corresponding results as ordinates. Use the same scale on 
each axis. The amount found should, in theory, equal the amount taken and the 
points should lie along a straight line, y = x, with a unit slope through the origan 
If the only errors in the results are random precision errors, the points should he 
about equally distributed above and below this line. If the points are all, or nearly 
all, on one side of the 45° line and about the same amount away from the line, 
there is an indication of die presence of a constant error. In this case a parallel 
line, y = a + x, may fit the points satisfactorily, and the intercept, a, on the y axis 
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is an estimate of the constant error. The points may be chiefly on one side but 
departing more and more from the line with increasing amounts of the item deter- 
mined. This suggests a type of systematic error that is proportional to the amount 
present A line ; = bx, corresponds to this state of affairs. Sometimes it is neces- 
Ly to use the general formula, >' = « + bx, to allow for both an intercept and a 
slope other than unity. In the event that the points depart from a linear relation- 
ship and if the method must still be used in spite of this serious handicap, it will 
be necessary to do considerable work to establish an empirical relationship. 

In order to get a reasonable number of points, additional knowns may be obtained by 
preparing mixtures of known proportions of the available materials. Duplicate detei- 
minations should be run on each material. Denote the duplicate values for each ma- 
terial by ; and y'. There will be two determinations, y; and y; , for the material with 
known composition .v,-. Formulas appropriate for the lines;- = -v, V = a + x, and; = bx 
will be given here. The formulas for the general line, y = a T bx, are available in many 
textbooks. 

The advantage of fitting a line to a series of points is that the deviations of the points 
from the line furnish an estimate of the analytical errors in addition to the estimate based 
upon the differences between the duplicates at any point. In effect, the line is fitted to 
the averages for the pairs of duplicates. For computational reasons, the formulas are 
based upon the individual results and not on the averages. 

As a first step, obtain the n differences, d\, d», . . ., d n , f or the n pairs of duplicates and 
calculate 2F/ 2. The precision is estimated by r = ■\Zld 1 /2n, and this precision will 
be compared with an estimate, s a , of the analytical error based on the departures of the 
points from the straight line fitted to the points. 

For the line,; = x, there are no constants to compute. The sum of the squares of the 
deviations of all 2 n points from this line is given by 2(; — .v) 2 + 2(y' — .v) 2 . Note that 
each ,v is used twice, once with each duplicate. This sum of squares must be diminished 
by 2<f 2 /2, the portion corresponding to the precision error. The remainder, R = 
2 (y — .v) 2 + 2(;' — .v) 2 — 2«f 2 /2, should be divided by n and the square root taken to 
obtain s n , the analytical error as revealed by the departure of the points from the ideal 
line, ; = x. If s a is less than s, this is pure chance and not to be taken seriously. Almost 
always s a will be larger than j. It is customary to calculate the ratio, F = s a 2 /s-, of the 
two variances in order to form an opinion as to whether the points depart from the line, 
; = x, sufficiently to suggest that a line with an intercept or a line with a slope other than 
unity would provide a better fit. If this ratio exceeds 5.0 for five materials, or 3.4 for 
eight materials, or 2.7 for 12 materials, the evidence strongly suggests that the amounts 
found depart from the amounts taken in some systematic manner. 

For the line, ; = a + .v, a is obtained by calculating a = (2; -j- 2/ — 22x)/2n. The 
m of the squares of the deviations from this line is given by 2(; — x)~ -f 2(;' — , v ) 2 — 
This sum is diminished by 2^/2, and the remainder, R a , is divided by (n - 1) to 
give a new estimate, s aa , for the analytical error. The estimate, s aa , is never larger than 
the estimate, found for the line, ; = ,v. Generally, it will be considerably smaller. A 
statistical test is available to determine whether or not the line, ; = a + ,v has substan- 
tially decreased the sum of the squares of the deviations that was found for’ the line v = 
7 7 r ie decrease \ 7 is divided by (j oa ) 2 . This is another Fratio and if it exceeds 
a ™ K&5: ' ight “■ “ r 4 ' 8 fOT — — . presence of 

The line,, - bx, may prove a better fit. Calculate b - (Sa, + Say')/2Sv ! The sum 
of the squares of the delation from the line, , - bx, is given by 2/ + S/= - b 2v, + 
2.., ). Again this sum is diminished by 2d=/2, and Use remainder? 7 when dividtd by 


sum 

2nd 
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(n — 1), gives another estimate, r Q i, for the analytical error. This estimate is never 
larger than s ot and usually is smaller. The decrease (R — Rb), is divided by (r 0 j,) J , 
and the same F test is applied as in the preceding paragraph. A large F ratio indicates 
the presence of a systematic error that is proportional to the amount present. 

In the two paragraphs above, the estimates of error, s aa and s a b, are obtained by taking 
the square root after dividing the remainder by (n — 1). 

If the simple line, y = x, proves inadequate, one or the other of the two lines, y = a -f 
x or y = bx, will usually provide a much better fit. The analytical error, as calculated 
from the deviations of the points from one or the other of these lines, will be reasonably 
close to the estimate, s, calculated from the duplicates. This statistical examination is 
intended to reveal a defect in the procedure and to give a hint of the nature of the defect. 
If the procedure is used without correcting the defect, the accuracy, s 0 , is given by the 
deviations from the line, y = x, and certainly not by the agreement shown by duplicates. 

The estimate of the standard deviation that is based on the deviations from the fitted 
line is usually a more realistic value than that obtained from parallel duplicates. There 
are often unconscious efforts to bring about agreement between duplicates. The use of 
different materials avoids this all loo common tendency. The determinations for several 
materials are probably spread over a longer period of time. In fact, it is a good idea to 
number all the determinations from 1 to 2 n. A set of 2n cards should be numbered and 
shuffled to randomize the order. The determinations should be run in this random order. 

SOME IMPORTANT USES OF THE STANDARD DEVIATION 

All the preceding remarks have been directed to making sure that a meaningful 
estimate of the analytical errors has been obtained. A standard deviation based 
upon parallel duplicate determinations is appropriate for comparing two materials 
Tun simultaneously. Let the average of n x determinations on material be m 1 
and the avergae of n 2 determinations on material M 2 be tn 2 , and s be the estimate 
of the standard deviation of the analytical procedure. It is assumed that s is based 
on other data and with 30 or more degrees of freedom. In practice » x and « 2 are 
likely to be very small and possibly both of them equal to one. The degrees of 
freedom equal tire number of independent errors. The degrees of freedom are 
equal to n if n pairs of duplicates are used to estimate s, and to ( n — 1) if the esti- 
mate vs based, on n repeat deteitmuauows on one sample. 

Compute 

nift2 
«i + n 2 

If t exceeds 2.0, there is evidence at the 95% level of confidence for a difference 
between the materials. If s is based upon fewer degrees of freedom, the values of t 
for various degrees of freedom are shown in Table 16-1. 

The anal) st may be interested in comparing die average of n determinations 
on a material with some specified or claimed value, V, for the material. If the 
average m of n determinations differs from V, die analyst cannot dispute the 
claimed V unless he believes that the difference (V — m), exceeds that which he 
might have obtained if V had been the true value. This leads right back to the 
deviations from the straight line y = x, and it is the standard deviation, s a , based 


(nil — w 2 ) 


V 
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Confi- 

dence 

Level, 

% 

Degrees of Freedom — D.F. 

1 

2 

4 

. 8 

16 

- 

32 

co 

95 

90 

12.7 

6.3 

4.30 

2.92 

2.78 

2.13 

2.31 

1.86 

2.12 

1.75 

2.04 

1.70 

1.96 

1.64 


on these deviations that is appropriate here. It is unreasonable to expect to get 
any better checks on V than were obtained on known materials. 

Calculate 


(V — / n)y/ n 

t = 1 

Sa 

and apply the same criteria for t as given above. 

Analysts are often expected to set confidence limits about the results they re- 
port. Again it is important to select the right standard deviation for any given 
circumstances. The factor applied to the standard deviation to obtain confidence 
limits depends on the number of degrees of freedom associated with the estimate 
of the standard deviation. The confidence limits for a single determination are 
obtained by multiplying the standard deviation by the appropriate factor, t , and 
then adding and subtracting this quantity from the result obtained in the determi- 
nation. The confidence limits for an average of k determinations are obtained by 
first dividing s by the -Jk. If k is small and these are the only determinations avail- 
able to estimate the standard deviation, then the factor for the confidence limit 
will be correspondingly large. It is better, whenever possible, to use an estimate 
of s based on prior information, i.e., on many degrees of freedom, and to use tire 
appropriate smaller multiplying factor dian to rely exclusively on the immediate 
data. The assumption here is that the immediate results for which confidence 
limits are desired were obtained under as favorable circumstances as were the de- 
terminations used to establish a firm estimate of the appropriate standard deviation. 

Suppose an analytical procedure is stated to have a standard deviation, a, under 
certain specified circumstances. If an estimate, s, of the standard deviation based 
on f degrees of freedom is available from determinations also made under these 
circumstances, it is possible to compare the estimate with the claimed value a. 
There will, as a rule, be no complaint if the estimate, s', is smaller than <r. The 
question really arises when s is larger than a and one wishes to know whether it is 
enough larger to be considered evidence that there is a real difference between 
r and <7. A ratio, called chi square, is computed by multiplying the ratio of the two 
variances by the degrees ol freedom. 



X 
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If x 2 exceeds certain values, depending on the number of degrees of freedom, 
there is evidence for a real difference between the observed and claimed value. 


Tabu; 16-2. Some Values for Chi Square 


Confidence j 


Degrees of Freedom ■ 

=/ 


Level, 













% 

1 

2 

4 

8 

16 

32 

95 

3.84 

5.99 

9.49 ' 

15.5 ' 

26.3 

46.2 

90 

2.71 

4.6! 

7.78 

1 

13.4 j 

23.5 | 

42.6 


ROUNDING DATA 

Suppose a chemist obtains the result 11.42 by a procedure that he knows has a 
standard deviation of 0.05. This means that the result may deviate from the cor- 
rect value by as much as ±10 units in the second decimal place so the chemist 
promptly rounds the result to 11.4. The meaningless figure has been suppressed, 
but at a price. There is a correct value, though unknown. Imagine a long series 
of such rounding of similar determinations. It is a solvable mathematical problem 
to ascertain the average magnitude for each of the following quantities: 

True values minus results to two decimal places. 

True values minus results to one decimal place. 

These two average “misses" arc respectively 0.040 and 0.040. The average miss is 
increased 15% by loundtng even in this apparently justified instance. More vividly, 
in this instance, the average of four rounded values is no better than the average 
of three unrounded results. This increase in the departure from the true value is 
usually not important in any particular result reported, and so rounding is a very 
general practice. The place where rounding is absolutely reprehensible is in re- 
ports of a study of an analytical procedure. These “meaningless," uncertain, ter- 
minal figures are just die ones that do reveal the random errors in the work. 
Rounding greatly diminishes the efficiency of estimates of the standard deviation. 
Naturally, when the data are rounded, the results have the appearance of being 
in excellent agreement, but the ability to estimate the standard deviation of the 
procedure is greatly impaired and sometimes altogether removed. 

CONTROL OF ROUTINE ANALYTICAL WORK 

In routine work, particularly in maintaining a check on a production process, 
it is usual to run just one determination per sample. Two problems arise here. 
One is the possible appearance of a value out of line with the usual values. The 
other has to do with checking on the laboratory to prevent a gradual deterioration 
in the quality of the analytical work. The latter problem is customarily dealt with 
by introducing at irregular intervals some known reference material or by sending 
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back, under a new number, a sample already reported on. If known samples that 
are not recognized can be used, the matter is simple and the test has already been 
described. If samples are reissued, the only evidence available is the agreement 
shown by the duplicates. The standard deviation for a procedure in routine use 
should be well established. Let <r denote the standard deviation. Consider what 
might be expected regarding the differences between duplicates if many pairs of 
duplicates were available for examination. 

10% of the differences will exceed 2.33 a 
5% of the differences will exceed 2.77 a 
1 % of the differences will exceed 3.64 <r 
0.5% of the differences will exceed 3.97 a 

The laboratory director must select some appropriate multiple of <r and, when 
this difference is exceeded, take what action is deemed necessary. If the multiple 
selected is 3.64<r, then there is one chance in a hundred that such a difference could 
occur in the normal course of events without any deterioration in the work. Too 
small a factor will lead to frequent unwarranted suspicion of inferior work. 

The appearance of a value that is out of line with the usual run of values usually 
involves the production force as well as the laboratory. The quality control charts 
in the production area are designed to catch just such values, and the analytical 
laboratory should be familiar with the appropriate charts. When a result is ob- 
tained that the laboratory knows will go outside the control lines on the production 
control chart, it would seem a wise precaution to check the determination immedi- 
ately. Production may be inclined to ascribe the undesirable result to poor analyti- 
cal work and it would be proper to anticipate this action whenever possible. 
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THE ANALYTICAL USE 
OF THE MICROSCOPE 

By Walter C. McCrone and Louise K. Forlini 

McCrone Rcseardi Institute 
Chicago, 111. 


Introduction.— Chemical microscopy permits the exact identification o£ an un- 
known substance, of an unknown compound, or of a desired component in a heter- 
ogeneous sample. Eten though it may be present in only trace amounts, the com- 
ponent is identifiable so long as it maintains its identity as a separate phase. Re- 
sults are obtained in terms of the compounds present rather than the elements, 
allowing a distinction between isomers, polymorphs, or different combinations of 
the same ions. Even where orthodox methods of chemical analysis are applicable, 
the optical method may prove more expeditious. 

Microscopical methods, by their nature, require only small amounts of sample. 
Physical properties such as refractive index, melting point, etc., may be; deter- 
mined on nanogram quantities (\0~° g.), if necessary. The majority of the tech- 
niques are nondestructive, allowing recovery of the sample. 

MORPHOLOGY AS THE BASIS FOR IDENTIFICATION 

Many materials can be identified at a glance by their morphological character- 
istics, that is, their external form or shape. The microscopist can identify a sur- 
prisingly large numbei of metals and alloys, bacteria, plant and animal fibers, pure 
crystalline compounds, animal cells and tissues, diatoms, starch grains, pollen grains, 
etc. It is, however, necessary for him to be directly familiar with these materials, 
or to have access to photomicrographic atlases of potential materials. No such 
complete atlas exists, although a number of small compendia are available. 

For example, natural textile and paper fibers possess unique morphological char- 
acteristics: scales on wool fibers, nodes on flax, serrated cells in esparto, pitted bag- 
like cells in nonconiferous wood pulp, etc 

Analysis by morphology is also useful in air pollution studies. Figure 17-1 is 
a photomicrograph of atmospheric debric cojjected in dust-fall jars in Chicago, 
showing cotton and wool fibers, bits of paper and wood, fly ash, soot, a bit of pigeon 
feather, quartz and other minerals, bits of paint, iron oxide scale, and particles of 
glass. 

In many police laboratories it is common practice to vacuum clean the clothing 
of an arrested suspect and to examine the sweepings microscopically. Items of 
forensic interest might be pieces of glass, paint chips, hairs or fibers, pills, clumps 
326 
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nnrl shoes while leaving other microscopic particles at the scene. 

co" by sSing a iranspiii'em adhesive tape on broken windows, Window sills, 

rJr\rvr iTiTilis blown or wrecked safes, etc. , . • 

To toe the sensitivity or ease oi morphological ana lysis, optical properties 
suit a receive index may have to be measured. The m.croscop.st may have o 
Sentify dtemical compounds by the addition ot a reagent to a test drop of the 
unknown, comparing any; '.resulting precipitate with a description, dialling, or 



Fig. 17-1. Settled Dust trom Chicago Dust-Fall Jar. 


photograph o£ a known precipitate obtained under identical conditions. Fusible 
compounds may have to be melted and examined lor characteristic properties, such 
as refractive index of the melt. 

Measuring a number of significant properties of the compound and comparing 
them with the descriptive and numerical data available in the literature, the micro- 
scopist can then identify an unknown. If a similar item of known source is avail- 
able for comparison, he can prove identity or nonidentity. 

The desired component of a mixture may have to be separated or concentrated 
by crystallization, fusion,' or precipitation, or by staining or “optically isolating” it 
by immersion in an appropriate refractive index medium. 

The usefulness of morphological and optical data in analysis, unfortunately, 
depends on its availability in a useful form, A number of fiber atlases have been 
compiled , 1 and tables of crystallographic data are available for all the minerals 


i-Lochte, Atlas dev Menschlichen und Tierischen Haare (Schops, Leipzig 1938); von 
Bergen and Krauss, Textile Fiber Atlas, 2nd Ed., Textile Book Publishers, New York 
1949; Luniak, Identification of Textile Fibres, Pitman, London, 1953; Matthews Textile 
Fibers, Ed. Mauersberger, 6th Ed., John Wiley and Sons, Inc., New York, 1954- Wildman 
m- C . r ° S ^ 0py ° E Animal and Textile Fibers, Wool Industries Research Association, Leeds’ 
9-o Carpenter and Leney Papermaking Fibers, State University of New York, Syracuse’, 
19a-,, Identification of Textile Materials, Textile Institute, Manchester, 1951; Textile Fibers 
under the Microscope, Imperial Chemical Industries Ltd., 1939. 
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compounds have also been stu t Most of the i at ter descrip- 

^TJrpho^, op t ics. X-ray powder 

data, and unit cell dimensions. 



Fig. 17-2c. Back of Card for 1,5-Diphenyl Carbohydnuide. 

A pundied-card system for tabulating and using crystallographic data has been 
devised by one of the authors. 5 Each card contains data on the morphological, 
X-ray, optical, and fusion properties of the compound (Fig. 17-2). 

- Groth, Chemische Kristallographie, 5 Vols., Engelmann, Leipzig, 190(5-19; Winchell, 
Microscopic Characters of Artificial Minerals, John Wiley and Sons, Inc., New York, 1931, 
and Optical Properties of Organic Compounds, 2nd Ed., Academic Press, New York, 1954; 
Donnay and Nowacki, Crystal Data, Geological Society of America, New York, 1954; Larsen 
and Berman, Tables for the Identification of the Non-Opaque Minerals, U. S. Geo. Survey 
Bull. 848, 1934; Porter and Spider, The Barker Index of Crystals, Vol. I, Heifer, Cambridge, 
1951, Vol. II, 1956; Palache, Berman, and Fronde!, Dana's System of Mineralogy, Vol. I, 
John Wiley and Sons, Inc., New York, 1944, Vol. II, 1951, Vol. HI (in preparation); Delfet, 
Repertoire des Composes Organiques Polymorphes, Desoer, Liege, 1942. 

s Aromatic nitrogen compounds by Bryant, J. Am. Chem. Soc., 65, 130, 1943; amino acids 
by Keenan, J. Biol. Chem., 62, 163, pharmaceuticals by Keenan, f. Assoc. Oil'. Agr. Chem., 
27, 153, 1944, and Keenan and Eisenberg, J. Amer. Pharm. Assoc., 35, 94, 1946; su»ars bv 
Wherry, J. Am. Chem. Soc., 40, 1852, 1918. ° 

i During the period March 1948 to June 1961. Now published as a regular feature of 
Hie Crystal Front, issued quarterly by McCrone Research Institute, Chicago. The data on 
230 of the 242 compounds were tabulated in The Crystal Front, Vol I No 3 1959 
u McCrone, W. C., Anal. Chem., 28, 972, 1956. ’ 
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IDENTIFICATION OF PURE COMPOUNDS 
A. CRYSTAL GEOMETRY 

Crystalline materials are usually described morphologically in terms of crystal 
form, habit, and angles, and, when possible, crystal system. 

Crystal Systems *— The external faces of a crystal are directly related to the internal 
arrangement of atoms, the crystal lattice. Unlike the random arrangement found 
in liquids and noncrystalline materials, the atoms in crystals are arranged in a 
repeating three-dimensional array. There are six such possible arrangements, con- 
stituting the six crystal systems: 

The cubic system has an equal spacing of atoms along three mutually perpen- 
dicular directions, chosen as the three a axes. It has a minimum of four axes of 
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threefold symmetry, which form the body diagonals of a cube defined by the three 

" The tetragonal system has equal spacing of atoms along two mutually perpen- 
dicular directions, chosen as the two a axes. Normal to the plane thus formed the 
spacing is different, and designated' the c axis. 


It has one fourfold axis of sym- 


ni< The hexagonal system, which includes both the hexagonal and rhombohedral 
classes, has equal spacing of atoms along three directions 120° apart in the same 
plane, the three a axes. Normal to the plane thus formed the spacing is different 
/ c axis). The c axis is a three- or sixfold axis of symmetry. 

The ordiorhombic system has unequal spacing of atoms along three mutually 
perpendicular directions. It contains at least two symmetry planes. The axes are 
chosen on die basis of spacings so that c < a < b as determined by X-ray diffraction 
or by iuterfacial angles. 

The monoclinic system has unequal spacing along two mutually oblique direc- 
dons and normal to the plane dius formed the spacing is also different. At least 
one plane of symmetry is present. The unique axis perpendicular to the plane 
of symmetry is b. The other two axes lie iri the plane of symmetry and are chosen 
so that c < a and simple forms result. 

The Triclinic System-Crystals of this system have unequal spacing of atoms 
along three mutually oblique directions. Three prominent directions are chosen 
such that c < a < b and simple forms result. No symmetry need be present (Fig. 
17-S). 

Miller Indices.— The notations usually used for naming the crystal faces are the 
Miller Indices , which express the intercepts of each face on the axes, in the order 
a, b, c. The crystal is oriented so that a lies front (-f) to back 
(— ), b lies right (+) to left (— ), and c lies top (+) to bottom (— ) 

(Fig. 17-4). Thus 111 indicates a pyramid face, and 001 a face 
perpendicular to the c axis (Fig. 17-5). 

Forms.— Similar external faces are classified as forms, for exam- 
ple, the six faces of a cube are all similar and constitute the cube 
form (Fig. 17-6). Two parallel faces having no equivalents are 
called a pinakoid; 3, 4, 6, 8, or 12 similar parallel faces form a 
prism, if they intersect at a point they form a pyramid. More 
than one type of form is usually required to complete a crystal. 

Habit.— This is the general shape of a crystal, or the particu- 
lar combination of faces developed (Fig. 17-7). It depends on 
the environment during growth (solvent, impurities, temperature, 
etc.) as well as the “nature of the beast.” 

Constancy of Interfacial Ang/es.-Both ideal and distorted crystals of the same 
substance have identical crystal angles. In any distortion, the general shape of the 
crystal may be changed, but not the crystal angles (Fig. 17-8). This is an ex- 
pression of tire law of Constancy of Interfacial Angles. The crystal angles of most 
use microscopically are the so-called profile angles, observed when the° crystal lies 
on a face. A cube shows 90° profile angles; an octahedron, 60° or 1?0° angles 
Crystal angles can be measured with the microscope using a graduated rot 
stage and a cross-hair eyepiece. Stage and crystal are centered, and reading 
taken with each side of the angle parallel to one of the crosshairs. S 


+c 


-b 


+a 


+b 


-c 

Fig. 17-1. Crys- 
tallographic 
Axes in the Or- 
thorhombic 
System. 


rotating 
s are 


Rational Indices .- Crystal forms and habits are also 


Rational Indices 


governed by the law of 


, which states that the ratios of the intercepts of different crystal 



332 THE ANALYTICAL USE OF THE MICROSCOPE 

faces on the different crystallographic axes are in the ratios of small integers. The 
axial ratios are best determined by X-ray diffraction, and expressed as a:c for the 
tetragonal and hexagonal systems, and a:b:c for orthorhombic, monoclinic, and tri- 
clinic systems. Ammonium dihydrogen phosphate, a tetragonal crystal, has an 
axial ratio a'.c = 1:1.002; the distance between atoms along the c axis is 1.002 
times the spacing between atoms along the a axis. The interfacial angle can be 
calculated from the axial ratio trigonom- 
etrically. If the tangent of one-half the 
angle about c is 1/1.002 = 0.998, then the 
angle about c is 2(44.94°) = 89.88°. 

Twinning .— Crystals are often twinned. 
In most cases, twinning results in forma- 
tion of re-entrant angles as in the examples 
shown (Fig. 17-9). Randomly intergrown 
crystals are not twins; the term is limited 
to situations where two or more inter- 
penetrating crystals bear a definite, unique, 
and characteristic angular relationship. 
The common composition plane, or twin- 
plane, will always coincide with a possible 
crystallographic face. The different por- 
tions of the twinned crystal can be differ- 
entiated by optical tests. 

Polymorphism.— A compound showing 
polymorphism can crystallize with differ- 
ent internal lattices, thereby giving cor- 
respondingly different external crystal mor- 
phology and internal physical properties. 
The crystal systems of the modifications are usually different. Two of the most 
common examples are carbon, crystallizing as the cubic diamond and the hexagonal 
graphite, and the tetragonal (red) and orthorhombic (yellow) forms of mercuric 
iodide. 

Cleavage .— Crystals may show a tendency to break along certain definite planes, 
parallel to faces or possible faces. Nearly perfect cleavage is exhibited by limestone 
(calcite), since it breaks up into well-formed rhombohedra on grinding. 

OPTICAL PROPERTIES 

The spacing of atoms determines not only the system, shape, and angles of a 
crystal, but its optical properties as well. A chemical or petrographic microscope is 
essential for the study of optical crystallography. It must possess polarizer and 
analyzer Nicol prisms (or polarizing films), a graduated centerable revolving stage, 
cross-hair eyepieces, compensators, and a good condenser. 

Refractive Index .— The most important optical property is the refractive index, 
which can be visualized as the degree of slowing of light as it passes through a 
substance. Elements of higher atomic weight are more effective in slowing light, 
so that compounds containing the heavier atoms usually have higher refractive 
indices, as shown in Table 17-1. The refractive index is constant for a substance 
of definite composition. It is influenced, however, by the wavelength of illumina- 
vion used, and the temperature of the sample. 



He. 17-5. Miller Indices: Face ABC - 
111, Tace HKL = 346. Reproduced 
with permission fioni Kolthott and El- 
ving. Treatise on Analytical Chemistry, 
Part I, Interscience Publishers, Inc., 
New York. 
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(Monoclinic) 


Quartz 

(Hexagonal) 


Fig 17-6. Some Typical Crystal Habits. Reproduced with permission from KolthoU and 
Elving Treatise on Analytical Chemistry, Part I, Interscience Publishers, Inc., New York. 
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Fic. 17-7. Common Crystal Habits. Reproduced with permission from KoltholF and El- 
ving, Treatise on Analytical Chemistry, Part I, Interscience Publishers, Inc., New York. 



Fig. 17-8. Octahedron and Distortions. Reproduced with permission from Kolthoff and 
Elving, Treatise on Analytical Chemistry, Part I, Interscience Publishers, Inc., New York. 
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Table 17-1. Refractive Indices of Some Compounds Arranged in Order of 
Increasing Molecular Weight 


Molecular Refractive 
Compound Weight Index 

Sodium fluoride 42.00 1 .336 

Sodium chloride 58.45 1.5442 

Sodium bromide 102.91 1.6412 

Sodium iodide 149.92 1.7745 


Determination of all indices on an unknown inorganic compound leads to 
almost certain identification, since almost all of them have been characterized with 
respect to refractive index, and the values have been tabulated. Too few organic 
compounds have been described to ensure identification, but the values neverthe- 
less suggest molecular shape and presence or absence of highly refractive groups. 
For example, an organic crystal with one high and two low refractive indices is 
very likely a linear molecule, whereas the combination of two high indices and 
one low one signifies planar molecules. Three high indices indicate a highly con- 
jugated molecule which may contain biomine, iodine, nitro, or other highly re- 
fractive groups. 

Refractive index determination requires only a minute amount of sample, which 
can be recovered. 

Isotropy and Anisotropy.— Only glass, some plastics, and compounds in the cubic 
system show a single refractive index, designated n; they are optically isotropic. 

Systems having two or three refractive indices, exhibiting different optical prop- 
erties in different directions, show optical anisotropy (double refraction or bi- 
refringence), The tetragonal and hexagonal systems have two principal refractive 
indices: epsilon in the unique direction and omega perpendicular to it. They are 
therefore termed uniaxial. The systems with two isotropic directions (that is, 
two optic axes), the orthorhombic, monoclinic, and triclinic, have three principal 
refractive indices, designated alpha, beta, and gainma, in increasing order. ' Any 
relractive index between these principal values can be observed in intermediate 
directions. 

Refractive Index Measurement.— The actual mechanism of relractive index meas- 
urement consists of immersing the particulate sample in a medium of known re- 
fractive index and using a narrow pencil of axial light. If the refractive indices 
of the medium and a particle are equal, the particle is invisible; if they differ, the 
panicle shows relief and a bright halo, termed the Becke line, appears at live edge 
of the particle. On raising the focus of the microscope the Becke line shifts toward 
the medium oE higher index. The degree of contrast shown is directly proportional 
to the difference in refractive index. The accuracy of the Becke test is about 
±0.001, although ±0.0004 is possible with monochromatic light and temperature 
control. 

Crystal fragments with irregularly sloped edges may show two bright lines which 
move in opposite directions, so that the oblique illumination method may be prefer- 
able. 6 

6 See Chamot and Mason, Handbook of Chemical Microscopy, Vol. I, John Wiley and 
Sons, Inc., New York, p. 315, 1958. 



THE ANALYTICAL USE OF THE MICROSCOPE 335 

Anisotropic crystals must be studied with the help of polarized light, which has 
a single vibration direction perpendicular to the direction of propagation. Ordi- 
nary light can be polarized with a Nicol prism or a polarizing filter, with which most 
chemical microscopes are equipped. The refractive index actually observed can be 
controlled by rotating the crystal to the proper position relative to the vibration 
direction of the polarizer (Fig. 17-10). 



(a) Observing the <£ index (bl Observing the OJ index 

Fig. 17-10. Orientations of Tetragonal Crystal Relative to Polarizer Vibration Direction. 

Index Variadon Methods.— These methods allow die use of fewer liquid stand- 
ards With a given specimen, by (1) mixing two liquids, (2) varying the wavelength 
of light, (3) varying die temperature, and (4) varying both wavelength and tem- 
perature. 

Mixing Two Liquids.— Instead of mounting the particles successively in single 
liquids of known refractive index, they can be mounted in a liquid of somewhat 
higher index and small increments of a lower index liquid can be added until a 
match in index is observed. The index of the mixed liquid is then determined 
with a microrefractometer. 

Variation of the Wavelengdi of Light.— Variation of the index of a substance 
with the wavelength of light is called dispersion of refractive index. Refractive 
indices of all solids vary with wavelength, so that this property can be used to 
assist in the identification of unknown solids (see Table 17-2). 


Table 17-2 



Index 

Wavelength (A) 


4861 Q 

5893 6 

6563 ° 

Sodium chloride 

71 

1.5534 

1.5443 

1.5407 

Quartz 

omega 

1.5497 

1.5442 

1.5419 

Barium sulfate 

beta 

1.641 

1.636 

1.634 


Lines in the mercury arc. 

■ ‘ J Sodium doublet, with average wavelength equal to 5893.-1. 
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Variation in the wavelength may be achieved by using a succession of filters, 
spectrally limited lamps (sodium, hydrogen, mercury, etc.) or a monochromator. 
Normally a sodium lamp, or at least a yellow filter, is used when measuring re- 
fractive index; hence, the indices for sodium light are of most interest. In recent 
years the very narrow band interference filters have come into general use. They 
are excellent for use in microscopy. 

Dispersion staining is an identification technique based on the differences in 
dispersion of refractive index of particulate solids and the liquid media in which 
the solid is imbedded. Two different procedures called annular screening and 
central screening give colored particle boundaries. Annular screening shows a 
color containing those wavelengths near that at which both particle and medium 
show a match in refractive index; central screening shows colors complimentary 
to those shown by annular screening, i.e., light of wavelengths refracted by the 
particle in that medium. 

Based on these effects it is possible to systematically identify transparent par- 
ticles by their dispersion staining colors in Cargille refractive index media. Dis- 
persion staining is a very simple technique of wide application, it greatly in- 
creases the certainty of identification and makes possible dependable analytical 
work by less skilled personnel. Crossmon 7 has applied this phenomenon inten- 
sively for analysis, and Schmidt 8 has used it for the analysis of dust particles. The 
method is most effective for those compounds which are isotropic or do not vary 
greatly in refractive index or dispersion with direction in the crystal. Many min- 
erals are included in this category. 9 

Variation of Temperature.— Refractive indices of nearly all liquids and solids 
decrease with an increase in temperature. The index change per degree Centi- 
grade, dn/dt, is essentially constant for each liquid over a normal range of tem- 
peratures and, once determined, can be used to calculate the refractive index of 
the liquid at any other temperature. On the other hand, dn/dt for most solids 
is negligible. In practice, the temperature of the preparation is increased until 
liquid and solid have the same index; the index of the liquid can then be calculated 
from its known temperature coefficient of refractive index, dn/dt. 

Double Variation Method.— An even greater range of index can be obtained 
from a single liquid by combining the techniques of wavelength and temperature 
variation. This procedure is known as Emmons’ double variation method. 10 

Nonprincipal Refractive Indices.— For strictly analytical purposes it is often more 
important to measure and publish a so-called prime or intermediate value of the 
refractive index rather than the principal index. This is true when the prime 
value is easier to obtain. Crystals of ascorbic acid usually lie on a face so that 
gamma prime, with a value of 1.694 ± 0.002 is exhibited, whereas gamma itself, 
1.746 ± 0.004, lies at an angle of 41° from die plane exhibited. 

Liquids for Measuring Refractive Index.— Lists of standard immersion liquids for 
refractive index determinations are given in textbooks of chemical microscopy and 
petrography. 11 Directions for preparing sets of mixed liquids are given by Need- 

7 Anal. Chun., 20, 976, 1948. 

8 Staub, 41, 436-467, 1955. 

9 Dodge, Am. Mineralogist, 33, 541-549, 1948; Cherkasov (transl. Mitten) International 
Geology Review, 2, 218-235, I960; Giabar et al„ The Microscope, in press, 1962. 

18 Emmons, Araer Mineral., 11, 115, 1926; 13, 504, 1928; 14, 41 4, 441, 482, 1929. 

11 Chamot and Mason, Handbook of Chemical Microscopy. Vol. I, 1958; Hartshorne 
and Stuart, Crystals and the Polarizing Microscope, Arnold, London, 1960; Johannscn, 
Manual of Petrographic Methods, McGraw-Hill Book Co., Inc., New York, 1918. 
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and Puifrich Refractometers, and the Wright Stage Refractometer, which is 

scribed here. . 

The Wright stage microrefractometer consists ot a pan 
mounted on a microscope slide, so that a small gap lies between them. The angle 
of the prisms is 60° and the surface of the lower one is ground, while that ol t 
upper one is polished. A drop of liquid is placed 
in the gap and a low-power objective is focused 
on the top of the cell. Using monochromatic light 
the back aperture of the objective is observed with 
the Bertrand lens in place. The field is divided 
into dark and light portions separated by a sharp 
dividing line — the position of this critical bound- 
ary depends on the index of the liquid and is 
measured with a filar eyepiece micrometer. The 
apparatus is calibrated with liquids of known 
refractive index (Fig. 17-11). 

Sign of Double Refraction.— Anisotropic crystals 
resolve light into components vibrating in mutu- 
ally perpendicular planes. This property is 
known as double refraction or birefringence. 

An anisotropic crystal is described as being opti- 
cally positive (+) or negative (— ). For positive 
crystals, the epsilon refractive index is greater 
than the omega, or gamma minus beta is greater 
than beta minus alpha. For negative crystals, 
omega is greater than epsilon, or beta minus alpha is greater than 
beta. 

Extinction.— If a second polar, called an analyzer, is inserted into the light path 
above die objective and with its vibration direction perpendicular to that of the 
first, the field appears black, as do all isotropic materials. Anisotropic materials 
appear gray, white, or colored. On rotating the stage, they will disappear (be- 
come black) when their vibration directions parallel those of the two polars. The 
extinction positions may be parallel, symmetrical, or oblique with respect to the 
crystal edges (Fig. 17-12). 

Optic Axial Angle.— By removing the eyepiece, by using a Bertrand lens, or by 
examining the eyepoint above the eyepiece with a magnifying glass, the ima^e at 
the back aperture of the objective is observed. Each point in the field ^asso- 
ciated with a particular direction of propagation of the illuminating light- the 
center represents light traveling parallel to the axis, the edge corresponds to ‘light 
at a maximum angle, with intermediate angles between. 5 

field, 1 IU. d l£ The FraClkal Ust ‘ ° f the Microsco P c - Chades G Thomas, Publisher, Spring- 

“ Available from R. P. Cargille Laboratories, New York. Indices from i ar, o 1 1 • , 

temperature coefficient and dispersion noted on each bottle U t0 2Al ’ wUh 

York, Sh" M '‘ h °‘ 1S ° rSa " iC Vol. 1. Iiiterscience Publishers, Inc., New 


Fir,. 17-11. Wright Refractom- 
eter. Reproduced with permis- 
sion from Koltholf and Giving, 
Treatise on Analytical Chemis- 
try, Part I, Interscicnce Publish- 
ers, Inc., New York. 
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Parallel Symmetrical Oblique 

lie. 17-12. Extinction in Anisotropic Crystals Repioduced with permission from Kol- 
tholf and Elving, Treatise on Analytical Chemistty, I'ait I, Intcrscience Publishers, Inc., 
New York. 

An anisotropic crystal observed by this method display between crossed polars 
a pattern of polarization colors corresponding to the full cone of directions by 
which the crystal is illuminated. Superimposed on this pattern will be the pattern 
of extinction positions. The combination of the two is the interference figure. 

For biaxial crystals, the acute angle between the two axes, designated 2V, can be 
estimated or calculated from the distance between the black brushes 15 (Fig. 17-13). 

Variation of the size of the optic axial angle in a given interference figure is 
known as dispersion of the optic axes. It is usually visible in white light as ,a 
tinge of color at either edge of the dark brushes— the optic axial angle for the color 
of light on the convex side is greater than that for the color of light on the con- 
cave side. 

Q 

a b c 

Tig. 17-13. Ccnteied Unia\ial (a) and Biaxial Intcrfeicncc liguies with Small 2 V (b) 
and Large 2 V (c). Reproduced with permission from Koltholf and Elving, Treatise on 
Analytical Chemistry, Part I, Intcrscience Publishers, Inc., New York. 1 

Pleochroism .— Some colored anisotropic substances selectively absorb light dif- 
ferently Tor different vibration directions, and are termed pleochroic. In polarized 
light but not crossed polars, they change color as the stage is rotated. 

C. CHEMICAL REACTIONS 

Where micxochemical testing is required, a general or specific reagent can be 
added to a test drop containing the unknown. The reaction product can then be 
recognized by morphology and/or simple optical properties. 

Chamot and Mason lb have compiled a large number of precipitation reactions 
for the microscopic analysis of inorganic anions and cations. The tests aie espe- 
cially applicable to the analysis of complex mixtures. Descriptions and photo- 
micrographs of the reaction products are included, as well as detailed manipulative 

is Chamot and Mason, Handbook of Chemical Microscopy, Vol. I, p. 304, 1958. 

18 Handbook of Chemical Microscopy, Vol. II, John Wiley and Sons, Inc., New York, 
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methods. A few examples of the reagents used to test for specific ions are listed 
in Table 17-3. 

Table 17-3. Precipitation Reagents Used bv Chamot and Mason to Detect 

Inorganic Ions 


Ion Reagents 

Sodium Uranyl acetate, zinc uranyl acetate 

Potassium Chloroplatinic acid, perchloric acid 

Ammonium Chloroplatinic acid, iodic acid 

Beryllium Chloroplatinic acid, potassium oxalate 

Calcium Ammonium carbonate, sulfuric acid 

Strontium Ammonium carbonate, iodic acid 

Barium Ammonium carbonate, potassium ferrocyanide 

Magnesium Ammonium hydroxide and phosphate 

Zinc Oxalic acid, potassium mercuric thiocyanate 

Copper, lead Zinc, potassium, mercuric thiocyanate 

Mercury Potassium bichromate, lead 

Aluminum Ammonium bifluoride, cesium sulfate 

Tin Zinc, cesium chloride 

Arsenic Ammonium molybdate, cesium sulfate and 

potassium iodide 

Chromium Silver nitrate, lead acetate 

Uranium Thallous nitrate and ammonium carbonate 

Iron Potassium ferrocyanide, potassium thiocynate 

Fluoride Sodium fluosilicate 

Carbonate Silver nitrate, calcium acetate 

Nitrate Nitron sulfate (diphenylendianilodihydrotriazol) 

Cyanide Silver nitrate, ammonium sulfide and ferric 

chloride 

Chloride Silver nitrate, thallous nitrate 


Corresponding procedures have been applied to some organic systems using re- 
agents to form addition compounds. The sample and reagent are melted on a 
microscope slipe, adjacent to and touching each other. By this procedure picric 
acid forms deeply colored molecular addition compounds with most of the poly- 
nuclear aromatic hydrocarbons; hence very small samples containing a few per 
cent of either the hydrocarbon or picric acid can be characterized as such by melt- 
ing in contact with the other. 2,4,7-Trinitrolluorenone 17 can also be used as a test 
reagent for many aromatic derivatives. 

Crozier and Seely 18 have developed a method for testing suspended dust samples 
for particular, contaminants. The suspended dust is impinged onto a microscope 
slide coated with a gelatin film containing a specific reagent in solution. To test 
for sodium chloride, the gelatin is impregnated with mercurous fluosilicate. After 
a short time, a number of white halos of mercurous chloride appear in the ^elatin 
each halo surrounding the original location of a single chloride particle° The 
thickness of the halo is a measure of the size of the original particle. Extremely 

17 Laskowski and W. C. McCrone, Anal. Chem., 26, 1497 1954 

18 Anal. Chem., 24, 577, 1952. 
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in 1891 described many of these techniques including the contact method (mixee 
fusion) for the determination of identity or lack of identity of two comp . 

The mixed fusion, a very useful technique, requires fusion of the components 
on opposite sides of the cover slip so that they mix m the center. The resulting 
zone of mixing shows, as a result, a complete and continuous composition giadien . 

The identification of fusible compounds by fusion methods is very rapid, con- 
sumes only small quantities of material, and requires relatively little specialized 
training or equipment. An unknown compound in a limited category (e.g., poly- 
nitro compounds) can usually be identified in less than 5 minutes, if that com- 
pound has once been studied by fusion methods. There are so many character- 
istic properties that can be observed on crystals from the melt that one oi two 
easily recognized and typical properties (anomalous polarization colors, unique 
shrinkage cracks or gas bubbles, crystal habit, transformation mechanism) can be 
remembered for each compound, hence a complete check of all properties is not 
usually necessary. 

In the United States this means of identification has been applied to relatively 
small groups of compounds: substituted aminoquinolines, 21 sterols, 22 high explo- 
sives, 23 . 24 hexachlorobenzenes, 25 polynuclear aromatics, 20 synthetic polymers, 27 alco- 
hols, 23 and paper chemicals. 29 

The characteristics observed cannot be recorded in tabular fashion and only 
with difficulty in descriptive terms. 

The Ivoflers have approached the problems of tabulation as shown in Table 17-4. 

In the complete tables, which include about 1200 compounds, the primary tabu- 
lating characteristic is the melting J mint , or the best possible substitute, for those 
compounds which decompose or sublime before melting. Then, since most de- 
composable compounds are stable somewhat below the melting point, the Koflers 
have introduced the eutectic melting temperature with two standard compounds, 
giving three numerical constants characteristic of each compound. 

Determining the Melting Point.— Providing the test compound does not sublime 
or decompose first, continued heating causes the sample to melt, changing quickly 
to a liquid. The temperature at which the last crystals melt is taken as the melting 
point (Fig. 17-15). 

The sample particles should be small and 'well separated, covering about 10% 
of the field with crystals smaller than 325 mesh (44 microns). A fraction of a milli- 
gram of sample on a half-slide can be simultaneously crushed and dispersed by 
pressing a cover slip against it with a rotary movement, using a pencil eraser. 

The cover glass must then be cleaned and replaced, as crystals adhering to the 
underside of it consistently melt 1°C. higher than those on the slide. 

To determine the equilibrium melting point , the hot stage (or cold stage) is 
heated and cooled very slowly over a narrow temperature range. The preparation, 

21 Goetz-Luthy, J. Chem. Education, 26, 159, 1949. 

22 Gilpin, Anal. Chem., 23, 365, 1951. 

4’ JOU.'SSS.MsSr* Exa,,,ination of ^plosives 

24 McCrone, W. C., Micvochemical Journal, III 479 1959 

29 Arceneaux, Anal. Chem., 23, 906, 1951. 

2 «Laskowski, Grabar, and McCrone, W. C., Anal. Chem *>5 1400 icim. T i 
M cCrone, W. C„ ibid., 26, 1497, 1954, and 30, 542, 1958 '* H °°’ 19 3> Laskowsk4 and 

9 ia . bar ar ? d Haessly, Anal. Chem., 28, 1586, i956. 

- Laskowski and Adams, Anal. Chem., 31, 148 1959 

29 Gilpin, TAPPI, 43, 423, 1960. 
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Table 17-4. Excerpt from Kofler’s Tables for the Identification of 
Organic Compounds 


Melting 
Point, 
°C. 1 


Eutectic 
Temp, with 


Temp., 

°c. 


Substance 

wne ^ 

Ben- 

zil 

Powder 

Miscellaneous Characteristics 

95 j 

Carbon tetrabroraide 

54 

40 

1.5898 

111-113 

Sublimes strongly above 30°C. to 
give plates and rosettes having 
scalloped edges, above 46°C. gives 
isotropic honeycomb. 

95 

3-Methyl indole 
(Skalole) 

43 

44 

1 5700 
1.5611 

100 

121 

Odor, sublimes above S0°C. Gives 
thin rounded plates. 

95 

4,6-Dichlorore30rcinol 

50 

46 

1.5700 

95-97 

Usually colored brown, above 55°C. 
sublimes giving needles; long nee- 
dles from the melt. 

96 

Methyl p-nitro- 
benzoale 

' 51 

63 

1.5101 

1.5000 

111-112 

130 

Yellow, sublimes above 70®C. to 
give rhombs. 


a small sized droplet (preferably about 1 mm. or less in diameter), under the cover 
glass, is allowed to crystallize and then placed in a hot stage already heated to a 
point just below the melting point. The stage is then heated at a rate ol about 
1°C. per minute until the crystals are partly melted, then allowed to cool until 
crystallization just begins. Heating is recommenced at the instant, or just before, 
the crystals begin to grow, and is stopped as, or just before, they begin to melt. 
The equilibrium melting point is given as the midpoint of die range between which 
growth and melting occur. These two temperatures usually lie about 0.2° to 0.3°C. 
apart. One word of caution, however: the melting point so accurately determined 
by this means is characteristic of the percentage of the sample actually melted and 
may vary many degrees depending on the extent of melting if the compound is 
impure. 

Eutectic Melting Temperature.— The eutectic melting temperature is ordinarily 
observed on a mixed fusion preparation (Fig. 17-16) with die second components 
chosen from the following list, depending on die melting point of the test com- 
pound. 

For Melting Points 


in °C. Between Standard Second Component 

20-1 00 Azobenzene, benzil 

100-120 Benzil, acetanilide 

120-140 Acetanilide, phenacelin 

140-170 Phenacetin, benzanilide 

170-190 Benzanilide, salophen 

190-240 Salophen, dicyandiamide 

240-340 Phenolphthalein 


The eutectic in die zone of mixing will, of course, always melt at a temperature 
lower than that of either component. 
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Refractive Index of the Melt.— In order to make identification even more certain, 
the Rollers have de\ eloped a technique for measuring the refractive index of the 
melt by using glass powder standards covering the range 1.43 to 1. 69 in increments 
of about 0.01. The refractive index is determined by observing the temperature 
at which the glass powder standard has the same index as the melt. This tempera- 
ture is, of course, quite unique, although the compound must be very pure. Occa- 
sionally, when die compound decomposes, it is possible to bracket the refractive 
index between two of the glass powder standards. For example, die melt of phenyl- 
thiourea has a refractive index at the melting point between 1.6231 and 1.6353. 



d e f 


1 io. 17-16. Operations Involved in a Mixed Fusion: (a, h) the high melting compound, 
A, is fused under a cover glass and allowed to resolidify; (c) the low-melting component, B, 
is placed at the edge of the cover glass and (d) heated so that it melts and runs under 
the cover glass; (e) the prep is Teheatcd until all of B and most of A ate melted; (1) as 
the prep cools, the crystal fronts of A and B grow towards the zone of mixing. Repro- 
duced with permission from Fusion Methods of Chemical Microscopy, Interscience Pub- 
lishers, Inc., New York, 1957. 

Miscellaneous identifying characteristics are also listed, e.g., sublimation tempera- 
ture, polymorphic transformations, form, and habit of the sublimed crystals of 
crystals from die melt, color, odor, etc. 30 

Mixed Fusion.— A mixed fusion gives a rapid and dependable means of deter- 
mining whether two given samples are the same compound. The known and un- 
known are made the two components in a mixed fusion, and the crystal front of 
the higher melting component is observed as it grows toward die zone of mixing. 
If the two are identical, the crystal front will continue to grow' through the zone 
of mixing with no discontinuity in rate of growth or form of the crystals. A differ- 
ence in purity may cause a change in the rate of growth and, perhaps, crystal size, 
as the crystal front progresses through the zone of mixing. If die two components 
are different there will always be a discontinuity in die rate of crystal growth, and 
the type of crystals will usually change radically in the zone of mixing. 


III. TECHNIQUES OF PREPARATION AND PURIFICATION 

Surfacing and Sectioning.— Soft materials can usually be surfaced (for examina- 
tion in reflected light) or sectioned (for transmitted light) by cutting with a sharp 

30 The data have been retabulatcd into a mote useful analytical form, included in 
McCrone, W. C., Fusion Methods in Chemical Microscopy, Interscience Publishers, Inc., 
New York, 1957. 
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knife or razor. The specimen should not be deformed or compressed during 
cutting; a microtome allows more accurate control of the operation. Friable ma- 

terials may be first embedded in paraffin or collodion. 

Hard materials such as metals, minerals, and ceramics can be surfaced or sec- 
tioned by abrasion with progressively finer abrasive materials. 

These mediods are used by petrologists in the study of rocks and minerals, and 
are described in detail in textbooks of practical petrology. 

Staining Methods. -The visibility of specimens can be increased by the appli- 
cation of stains. Most of these are organic dyestuffs, which are selectively absorbed 
by the different materials in the sample, or which act like chemical reagents, re- 
vealing chemical differences between portions of the specimen. 

The most common is Herzberg’s stain, an aqueous solution of zinc chloride, 
potassium iodide, and iodine, which selectively colors fibers having different origins 
or treatments, and Gram’s stain (of which there are modifications) for differentiating 
between types of bacteria, in which alcoholic crystal violet (or gentian violet) stain 
is fixed to bacteria with iodine solution. Some bacteria can be subsequently de- 
colorized with alcohol. 

The etching reagents used on metallic specimens also allow a differentiation of 
constituents and interpretation of structure. The etchant may be a selective sol- 
vent, it may oxidize certain constituents, may deposit colored material, attack the 
boundaries of crystal grains, or develop microscopic etch pits on them. 

Mounting in a Medium of Proper Refractive Index .— Substances with different 
refractive indices can be differentiated by choosing a mounting medium of the 
same or nearly the same refractive index as one of the components, and markedly 
different from tire other, so that the first will be invisible while the other shows 
strong relief. 

For example, refractive index and/or birefringence are useful in determinations 
of HMX in preparations of the high explosive RDX. The sample is mounted in 
a liquid having a refractive index of about 1.590 (Fig. 17-17). Since all three re- 
fractive indices of RDX are close to 1.590, it shows very low contrast in ordinary 
white light, while HMX, with one index near 1.590 and two much higher indices, 
shows strong contrast (enhanced in certain positions with one polar). 

Mechanical Separation .—' The most direct and best method of separation would 
be to pick out the desired component with a dean needle, under the microscope. 
Other physical means such as magnetic separation or flotation could also be em- 
ployed, as described by Chamot and Mason. 31 

Solvent Extraction .— Finely divided particles may require solvent extraction for 
separation. The apparatus illustrated has been found very satisfactory (Fig. 17-18). 
The drawn-out tip of a medicine dropper containing the sample is supported in a 
closed vial containing a drop of solvent (to saturate die space with solvent vapor). 
The solvent is added dropwise, at intervals of several minutes. Extraction is com- 
plete when a fleshly extracted micro drop is allowed to evaporate on a clean micro- 
scope slide, and leaves no residue. 

The following solvents, in the order listed, have been found most useful- water 
ether or benzene, 5% sodium hydroxide, 5% hydrochloric acid, dimethylformamide’ 
and nitromethane. 

The sample is recovered by slowly evaporating the extracted solution 

31 Handbook of Chemical Microscopy, Vol. I, p. 141, 1958. 


to dryness. 
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Fro. 17-17. Crystals of RDX. (Low Conliast) and HMX (High Contrast) Mounted in a 
Liquid of Refractiie Index 1.590. Reproduced with permission from Fusion Methods of 
Chemical Microscopy Interscience Publishers, Inc., New York, 1957. 


Chromatography .— Chromatographic separations of micro quantities can be car- 
ried out m a column such as the one described for sohent extraction. Standaid 
adsorbents such as silica gel, alumina, charcoal, etc., can be used with any oi the 
common solvents, although those of intermediate polarity, 
such as acetone, ethanol, or water, usually function best. 
The lower end of the column is plugged with glass wool. 
The adsorbent, in paste form with the sohent to be used, 
is drawn into the column by suction and the solution to 
be chromatographed is poured in at the top. The issuing 
solution can be allowed to drop onto a slide beneath it, 
the slide being on a hot bar at a temperature slightly below 
the sohent’s boiling point. A metal block with an open- 
ing in the center placed under the slide prevents the solu- 
tion from spreading. 

Paper chromatography is recommended for samples in 
the range of 10 — G to 10~ 12 g. The sample is placed oil a 
small strip of filter paper ($4x1% in.), previously washed 
chroma tographically with carefully purified solvent. The 
paper is wetted with sohent, placed between two glass 
jjAiidiuuM. slides, and suspended over a surface of pure solvent (Fig. 

17-19). The solvent passes up along the paper and evap- 
orates from the upper tip. For solvents boiling in the range of 60° to 100 e C., about 
30 minutes will be required; proportionately longer times are required for higher 
boiling solvents. 


■ Solvent 

■ Sample 


Fig. 17-18. Simple Ap- 
paratus for Sohent 
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The paper is allowed to dry completely by removing one of the glass slides. 
When dry and separated, tire slides should be carefully examined, because a minute 
dried deposit of crystals may betray the position of at least one of the separated 
components. A narrow strip lengthwise of the paper can be cut off and tested 
with a reagent. A strip about 1 mm. 



-Sample 

Solvent 


Fig. 17-19. Paper Chromatography Between 
Two Microscope Slides. 


wide from the middle of the paper is 
best, since most of the sample is con- 
tained along the vertical edges of the 
paper strip. 

Finally the paper strip is separated 
along the obvious demarcation lines 
or along in. lengths and extracted 
individually with solvent. 

Distillation.— Distillation can be car- 
ried out on several microliters of 
liquid in the bottom of a glass tube 
of 20 to 30 mm. length and 2 to 3 mm. 
inside diameter. On heating, a ring of distillate creeps up the tube wall; heating 
is stopped when it reaches nearly to the top. The tube is then laid horizontally 
on a cold surface so that the distillate collects in a small droplet, which is picked 
up with a glass capillary. Comparison of the refractive indices (by the glass powder 
method) of the original sample and the first distillate fraction will indicate whether 
or not the original sample is pure or a mixture. 

Filtration.— Filtration of microscopic particles can be carried out with slide and 
u cover slip. The sample is placed at the edge of the cover slip and the liquid Hows 
under leaving the particles at the edge. The particles may be washed with suc- 
cessive micro drops of solvent. The “filtrate” may be removed by touching with a 
filter paper. In the same way a fusible component can be separated from a mixture 
by heating it at the edge of a cover slip untii one component melts and flows under 
the cover slip. 

A very fine capillary, 10 to 20 microns inside diameter, can be used to filter very 
small drops if the suspended particles are not too fine. Small samples can also be 
filtered by placing the drop (or melting the fusible portion of the sample) on a 
small square of hardened filter paper. The residue can then be removed mechani- 
cally and the filtrate can be extracted from the paper with a solvent. 

, , Crystallization from Solution by Evaporation.— The compound, usually inorganic, 
'to be crystallized is stirred into a drop of solvent, usually water, on a slide. Warm- 
ing the slide will of course hasten solution but must not be overdone to the point 
of hastening evaporation. Enough of the compound is added to saturate the solu- 
tion. Upon evaporation at room temperature, crystals begin to form at the ed«es 
of the drop. These tend to be malformed and should be pushed to the center 
with the fine tip of a glass rod. When it is completely saturated, well-formed crys- 
tals will begin to grow throughout the drop (Fig. 17-20). 7 

The crystals can be manually separated from the solution by pushing them out 

of the drop with a fine glass rod, or by draining off the liquid with a piece of 
hardened filter paper. 1 

CrystaUizattQti. from Solution by Cooh'ng.-Organic compounds may be recrystal- 
izec from a drpp on a microscope slide if high boiling and high surface tension 
solvents are used. The drop must be saturated at room temperature but with 
sufficient excess solute so that the drop may be heated to abouf 35°C to dissolve 
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'Sample 


Capillary 
enlarged 
4 times 


Fig. 17-22. Appearance of Capillary After Several Sublimations. 

Thermal Diffusion.- A slide containing a layer of melt 1 mm. x 5 mm. x 25 mi- 
crons with a cover glass about 1 x5 mm. is placed over the light well of the ho 
sta°e. An equilibrium melting point is taken with 50% of the sample melted. Any 
change in melting point indicates the presence of a mixture: an increase shows the 
impurity is migrating toward the hotter end of the sample; a decrease denotes 
migration to the cooler region, directly over the light well. When the melting point 
ceases to change, die preparation is cooled and allowed to crystallize, preventing 
remixing. The desired component is removed mechanically with a needle, and the 
process can be repeated. When the equilibrium melting range from 10 to 90% 
melted is less dian 0.5°C., the sample is reasonably pure. 

Absorption Purification.-- L. Kofler 38 has devised a purification technique based 
on the fact that, on heating, any mixture will melt partly to a liquid containing 
all the impurities, and one solid component in excess. This solid component can 
be isolated if the eutectic melts are soaked into a porous medium, such as filter 
paper. 

In practice, not more than 100 mg. of sample are placed on a square centimeter 
of hardened filter paper on a half-slide, and covered with a second half-slicle ar- 
ranged crosswise to the first. The “sandwich” is placed on a hot bar and slowly 
moved toward higher temperatures until the sample just begins to melt, as indi- 
cated by a wet spot on the filter paper surrounding the solid sample. Movement 
of the slide is stopped, the upper half-slicle is pressed to squeeze the eutectic melt 
into the filter paper, and the upper half-slide with the adhering solid sample is re- 
moved. Repeating the procedure a few times at successively slightly higher tem- 
peratures leaves solid crystals pure enough for melting-point determinations, re- 
fractive index of the melt, etc. 

Filter paper may be used for mixtures heated as high as 300°C. if not held too 
long at that temperature. Clay plates have been used at temperatures in this 
range and higher. 

The technique can be modified by melting the sample in a carefully heated hot 
stage, using a cover slip for the upper half-slide. 

A second modification of this technique requires that the sample be mounted on 
the end of a very fine capillary (less than 20 microns inside diameter). On heat- 
mg the eutectic melt will be drawn into the capillary first, leaving the partly puri- 
fied crystals of the highest melting component atop the capillary. By carrying out 
I '! " peri0Cl 0f a tew •!« ™iire sample can be drawn into 

mnlS P n'iAw* e i aS ii P0r n 0n “ e " ~ bei "S < l uite P u «- The capillary should be 
cooled quickly and allowed to crystallize to avoid further diffusion. The end con- 

‘nd'Ttud ed PU,e C °“ P0U " d tl,e " bC br0ke " 0,1 ” n < 1 th = compounds removed 


ddsurptlon.Sul’ihnufion.-One of the most useful devices for purification o£ 
tures has been suggested by W. Kofler, 3 * based P 


mix- 


33 

34 


on gas-phase chromatography. 


Kofler, L., and Wannenmacher, Ber. Deut. Chem Ges T? nao ln .n 
Monatsh. Chem., 80, 694, 1949. es ” 1388 > 194 °- 
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additional solute. On slow spontaneous cooling welWormed crystals should slowly 
grow although seeding by scratching with the glass tip may be necessary. 

Crystallization by Sublimalion.-Vol.nilc organic compounds can be rccrystallizcd 
(or separated from a mixture) by sublimation, if care is taken to avoid decompose 
tion Unstable polymorphs may be obtained in this manner, especially when a 
cold condensing surface is used. 

A slide containing the compound is heated with a microburner or hot plate, and 
the sublimate is allowed to collect on another slide or on a cover slip directly above. 
Heating ,, ; slopped when a sublimate appears, and it can then be studied for 
characteristic crystal angles and other morphological features. 

For extremely volatile substances, the receiving 
^ s ^dc ma ^ * la ' e to coo * ct * by dropping cold water 

^ 0,1 11 w, di a micropipet, or by using a chilled block. 

P /^X a '°‘d loss of material, sublimation can be car- 

N. ne< * OUt 111 a c ^° ie d system. Even in a sealed glass 

capillary, substances with low vapor pressure can be 
sublimed under reduced pressure.- 12 
for very small samples, sublimation can be car- 
n. rie d out in a Cdpillary tube by sealing the sample 

in one end, preferably under vacuum, and heating 
Fic. 17-21. Heating Block for l ^ e capillary in a metal block so that the sample 
Sublimation in a Capillary. becomes heated while the upper portion of the 
,,, . . capillary remains cool. A small vertical opening 

( g in. lameter) through the block permits observation of the sample during the 
heating operation (Fig. 17-21). 

It is often a good idea to resublime a given component several times starting 
wit i an evacuated capillary about 30 mm. long and sealing off the residue each time. 

. e capillary may be inverted between sublimations until the final capillary has 
uie appearance shown in Fig. 17-22. 

32 Hartshornc and Stuart, Crystals and the Polarizing Microscope, p. 238, 1960. 
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Capillary 

enlarged 


Fig. 17-22. Appearance of Capillary After Several Sublimations. 


Thermal Diffusion.- A slide containing a layer of melt 1 min. x 5 mm.. - 
crons with a cover glass about 1 x5 nun. is placed oyer the light well he | ° 
staoe An equilibrium melting point is taken with 50% of the sample melted. Any 
change in melting point indicates the presence of a mixture: an increase shows the 
impurity is migrating toward the hotter end of the sample; a decrease denotes 
migration to the cooler region, directly over the light well. When the melting point 
ceases to change, the preparation is cooled and allowed to crystallize, preventing 
remixing. The desired component is removed mechanically with a needle, and the 
process can be repeated. When the equilibrium melting range from 10 to 90% 
melted is less dian 0.5°C., the sample is reasonably pure. 

Absorption Purification, — L. Kofler 33 has devised a purification technique based 
on the fact that, on heating, any mixture will melt partly to a liquid containing 
all the impurities, and one solid component in excess. This solid component can 
be isolated if the eutectic melts are soaked into a porous medium, such as filter 


paper. 

In practice, not more than 100 mg. of sample are placed on a square centimeter 
of hardened filter paper on a half-slide, and covered with a second half-slide ar- 
ranged crosswise to the first. The “sandwich” is placed on a hot bar and slowly 
moved toward higher temperatures until the sample just begins to melt, as indi- 
cated by a wet spot on the filter paper surrounding the solid sample. Movement 
of the slide is stopped, the upper half-slide is pressed to squeeze the eutectic melt 
into the filter paper, and the upper half-slide with the adhering solid sample is re- 
moved. Repeating the procedure a few times at successively slightly higher tem- 
peratures leaves solid crystals pure enough for melting-point determinations, re- 
fractive index of the melt, etc. 

Filter paper may be used for mixtures heated as high as 300°C. if not held too 
long at that temperature. Clay plates have been used at temperatures in this 
range and higher. 

The technique can be modified by melting the sample in a carefully heated hot 
stage, using a cover slip for the upper half-slide. 

A second modification of this technique requires that the sample be mounted on 
the end of a very fine capillary (less than 20 microns inside diameter). On heat- 
ing, the eutectic melt will be drawn into the capillary first, leaving the partly puri- 
fied crystals of the highest melting component atop the capillary. By carrying out 
the procedure over a period of a few minutes, the entire sample can be drawn* into 
the capillary, the last portion to enter being quite pure. The capillary should be 
cooled quickly and allowed to crystallize to avoid further diffusion The end con- 

and studied PUre C ° mp0U ' Kl <he " be broken °* ■"<> ■>« compounds removed 


; hC , m0St Use£uI devices 101 purification o£ mix- 
tures has been suggested by W. Kofler,« based on gas-phase chromatography. 

“SfnbThl^rS"’ Eer ' DeM - Cto “- G «- >940. 
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measurement. With the scale superimposed on the specimen image, measurements 
can be made by direct observation, photography, or projection. 

Wliere the particles are not of a uniform size, the count is tallied with respect to 
a size range, 6 to 12 size classes being represented. The details of this analysis and 
the calculations can be found in Volume I of Chamot and Mason. 

A counting analysis can be applied to mixtures of substances with varying par- 
ticle sizes by measuring the average diameter of each before counting. The results 
are then expressed as weight percentages according to the formula: 

Weight % = ■ X X 100 

D A ’2,riAdA 4 ■+■ Ds^ngdo* H — * 

where D *= density of the components, A or B 

d =* average diameter of the particles with respect to weight 
n = number of particles 

1 his method is often applied to the analysis of fiber mixtures and is then termed a 
“dot count" because the tally of fibers is kept as the preparation is moved past a 
point or "dot” in the eyepiece. 

Counting all of one constituent in a measured amount of sample is feasible 
in specialized situations, such as bacterial counts. Counting cells facilitate measur- 
ing the correct sample size and are often ruled to allow systematic viewing of the 
entire sample. 

Reference Substances.— A definite amount of a reference substance, containing 
a known number of particles per gram, can be added to a given weight of powdered 
sample, and mixed in suspension for counting. Particles of both are then counted, 
the count of tire reference particles being a measure of the actual weight of sample 
being counted. Lycopodium can be used as reference for potato and rice starch 
mixtures, and blood corpuscles for bacteria in milk. 

Young and Roberts 35 suggest the automatic counting and sizing of particles at 
the rate of a million per second, using flying spot microscopy, in this process the 
minified image of a scanning beam, transmitted in a reverse direction through the 
microscope condenser, converts any attenuation or interruption of the light energy 
into a proportional amount of electrical energy, which is in turn fed to counting 
circuits for data presentation. 

The relative amounts of particulates can also be accurately measured by casting 
the mixture in plastic, cutting or polishing to give a plane section, and applying the 
method of areal analysis described below. 

Areal Analysis.— Any sample viewed as a section, and in which the components 
can be differentiated, may be quantitatively analyzed by areal analysis. Used 
principally in metallography, where polished sections of alloys show relative areas 
of different phases proportional to their volume ratios, this method is also useful, 
in special cases, for fusion preparations. It is limited, however, to samples contain- 
ing components wholly insoluble in each other, e.g., high explosives systems such 
as Amatol (TNT and ammonium nitrate), or RDX and wax (Fig. 17-25). 

The analysis itself can be carried out in a variety of ways which will give the 
relative areas of the components. A drawing camera often is used to draw several 
representative fields onto crosshatched paper, after which the number of squares 
representing each component is counted. Photomicrographs of several fields can 
be taken; the components are then cut apart with scissors or a razor blade, sorted, 

sb Nature, 167, 231, 1951. 
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Fie. 17-25. Thin Crystalline Film of Amatol Suitable for Areal Analysis. Reproduced 
with permission from Fusion Methods of Chemical Microscopy, Interscience Publishers, 
* Inc., New York, 1957. 


and weighed separately. The percentage composition by weight can be calculated 
from volume percentage using the known densities. 

Physical Properties in Isomorphoas Solid Solutions.— When two compounds form 
a continuous series of isomorphous solid solutions the crystal properties (optical, 
morphological, and X-ray) vary continuously from the properties of one to the 
properties of the other, depending only on composition. The variation in optic 
axial angle of a mixed crystal has been applied to the quantitative analysis of the 
p-bromoanilides of acetic and propionic acids, and the 2,4-dinitrophenylhydrazones 
of acetaldehyde and propionaldehyde. 38 * 37 

Crystal Habit Change.— The crystal habit of a compound grown from the melt 
is reproducibly affected by impurities. This can serve as the basis for analysis in a 
binary system such as adipic acid containing up to 2% succinic acid. 3S Habit varia- 
tions attributable to temperature are eliminated by careful control (Fig. 17-26). 

Crystallization Velocity Change.— The rate of crystallization is dependent on the 
composition, the temperature, and the experimental conditions (capillary, glass tube, 
microscope slide). Keeping the latter two constant permits the determination of the 
composition by measuring the crystallization velocity, as has been successfully ac- 
complished for p,p'-DDT in technical DDT. 30 The principal component, p,p'- 
DDT, is usually present to the extent of 70 to 80%, the remainder consisting of a 
complex mixture of isomers and by-products. 

Freezing-Point Depression.-ln a binary system the depression of freezing point 
can be used as a precise measure of composition. Bryant 37 has used this method 

38 Bryant, J. Am. Chem. Soc., 60, 1394, 1938. 

at Ibid., 55, 3201, 1933. 

33 Mitchell, Anal. Chem., 21, 448, 1949. 

30 McCrone, \V. C., Smedal, and Gilpin: Anal. Chem., 18, 578, 1946. 


354 THE ANALYTICAL USE OF THE MICROSCOPE 




99.50% 


/° 99.25% 

Irimaif PrrL h nMTL iCr f °?I ap , hs ° f Adi P ic Acid-Sucdnic Acid Mixtures Showing the Effee 
S on E l -° f th ^ L ? tl " on the Crjstal Habit of Adipic Acid. Reproduced will 
usion Methods of Chemical Microscopy, Intersrience Publishers, Inc. 
Inc., New York, 1957. 
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n 27) S ^ i' n at ii\ 1 y^s t^° liii v e s ^ cl ^L e ^ Trne 1 o ce ^ o r systems showing eu- 
ecdc formation. Unfortunately, each system must be calibrated P^Y 1 * J® 
molar depression of freezing points varies, at the worst, about tenfold. A depres 
sion of 0.5°C. for every weight per cent is usually used for very rough approxima- 
tions of composition. 



Fig. 17-27. Melting Point as a Function of Composition in a System' Showing Solid Solu- 
tion; Acet- and Propion-p-Bromanilides. (Courtesy of W. M. D. Bryant.) Reproduced 
with permission from Fusion Methods of Chemical Microscopy, Interscience Publishers, 

Inc., New York, 1957. 


Refractive Index of the Melt .— Binary mixtures can be analyzed by measuring 
the refractive index of the melt. 40 

A standard curve is prepared for each system, in which the temperature, at which 
the refractive index of the melt and a glass standard are identical, is plotted against 
composition for the pair of compounds. Where one glass powder covers die de- 
sired range, it is necessary only to draw a straight line between the temperature 
for the two pure components, plus at least one other value to be certain the relation- 
ship is linear. 

Arceneaux 41 has applied this technique to the analysis of binary mixtures of 
pentachlorobenzene and 1,2,3,4-tetrachlorobenzene (Fig. 17-28). Brandstatter 4 - 
lias applied the method to the analysis of 2,4-dinitrophenylhydrazones, Fischer and 
Kocher 43 analyzed mixtures of vanillin and ethyl vanillin. 

The method is quite general, though limited to systems in which die difference 
in melting points is not too great. The melts must be miscible and decomposition 
must be absent, or at least restricted.- 


Linclpaintner, Arch. Pharm., 277, 398, 1939. Renners, Dansk. Tidsskr. Farm 14 viq 
1940; Z. Anal. Cliem., 122, 404, 1941. Dultz, Suddtsch, Deut. Apoth Zte 81 v77 lQ 4 i" ’ 
Anal. Chem., 23, 906, 1951. .. 1 ' 01 » 

is Z. physik. Chem., 191, 227, 1942. 

43 Mikrochemie ver. Mikrochim. Acta, 33, 131, 1946. 
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Fig. 17-28. Refracthe index Composition Relationship for Melts of 1,2,2,4-Tctrachloio- 
benzene and Pentachlotobenzcnc with Class Powder 1.5795. (Courtesy of Claude J. 
Arceneaux.) Rcpiodticed wall pcmiission ftoin fusion Methods of Chemical Microscopy, 
Interstieiuc Publishers, Inc., New' York, 1 057. 
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INTRODUCTION 


SCOPE 

Quantitative microchemical analysis is a division of microchemistry. Micro- 
chemistry may be defined as the branch of chemical science that deals with the 
principles and methods for using the minimum quantity of working material to 
obtain die desired chemical information. The term “micro scale” has often been 
employed to indicate loosely that a small sample is used in a certain procedure 
of chemical experimentation. Since microchemistry is an extending and not a 
confined field, however, die sample size required will be reduced as new methods, 
techniques, and apparatus become available. It is more meaningful, therefore, 
to specify the method by the quantity of sample used. The microprocedures dis- 
cussed in the present chapter require sample sizes as follows: (a) for microdetermi- 
nation of the elements or molecular weight, 1 to 10 mg.; (b) for microdetermination 
of organic functional groups, 0.1 milli-equivalent . 1 

Two points should be noted when reading this chapter: first, some quantitative 
micromethods using smaller amounts of material have been published, albeit such 
procedures are still in the developmental stage; secondly, ever since the pioneer 
works of Emich and Pregl , 2 a large variety of microchemical apparatus have become 
commercially available. It is beyond the scope of this chapter to review the vast 
volume of material. The writer intends only to present simple apparatus and 
techniques, so that the novice can practice them without difficulty, and to discuss 
recent advances in the field. 


!Ma, T. S., Proceedings of the International Symposium on Microchemistrv 195S 
Pergamon Press, London, 1959, 151. 7 

2 Emich, F„ Lehrbuch der Microchemie, 2nd Ed., Bergmann, Munchen, 1905 - see 

Cheroms, N. D., Microchem. J„ 5, 423, 1960; Pregl, F., Quantitative Organic Microanalvsis 
Fyleman, E„ trans., Churchill, London, 1924. 0 analysis, 
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THE MICROCHEMICAL BALANCE 8 

Types of Microbalances.-MicrohaUnces suitable for quantitative analysis on the 
milligram scale do not differ in construction from that of the ordinary quantitative 

balance. The only requirement is 
that the balance should have a sen- 
sitivity of about 2 */g. (microgram) 
and be able to hold the load of 20 g. 
on each pan. The simple and 
rugged short-beamed Kuhlmann mi- 
crobalancc, which was the standard 
weighing device in the microchemical 
laboratory for several decades, went 
out of the market after World War 
II. In its place are several models 
having single-pan or double-pan ar- 
rangement (examples of each are 
shown in Fig. 18-1 and Fig. 18-2 
respectively). 

An excellent monograph on micro- 
balances and microweighing has been 
prepared by Benedetti-Pichler, 4 Like 
the ordinary balance, the micro- 
balance should be placed on a bench 
that is free from vibration. Air cur- 
rent around and through the micro- 
balance should be avoided. Tem- 
perature change in the microbalance 
room should be minimized, and un- 
even heating of the different sides of 
the balance should be picvented. The mles for use and care of the analytical 
balance arc also applicable to the microbalance. Needless to say, chemicals and 
hot objects should never be placed directly on the balance pan, and the balance 
beam should be set into motion smoothly without jerking. 

It is recommended to use the milligram (mg.), instead of the gram, as unit of 
measure for quantitative microanalysis, and record each weight to the microgram 
(Mg)- In the case of single-pan microbalance, the total weight of the object is indi- 
cated on the front panel. The number of milligrams and tenths of milligram are 
read on the left vertical scale; the marks of hundredths of milligram are read on 
the right scale, while the number of micrograms is estimated between two lines. 

In the case of the double-pan microbalance, the number of hundredths of milli- 
gram and miexograms is shown on the pointer scale, the last figure being estimated. 
The pointer scale on some models has 10 lines on both sides of the center mark; 
on other models, 20 lines. It is advisable, however, to designate these 10 or 20 lines, 
respectively, as 100 pointer-scale units, so as to avoid the use of the decimal point 
in recording the pointer scale readings. Thus, when the microbalance is in perfect 
condition, moving the rider one notch (i.e., 0.1 mg.) wll cause the pointer to show 

3 In the opinion of the writer, the microbalance should be called milligram-balance; 
the semimicro-balance, centigram-balance; the ordinary quantitative (analytical) balance, 
decigram-balance; the ultramicio-balance, microgram-balance. 

4 Benedetti-Pichler, A. A., Waageu und Wagung, in Hecht, F., and Zacherl, M. K., eds , 
Handbuch der Mikrochemisciien Methoden, vol. 1, part 2, Springer, Wien, 1959. 
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a displacement of 100 pointer-scale units. Hence each pointer-scale unit is equiv- 
alent to one jug., the lower limit of the microbalance. 

As a rule, the manufacturer guarantees the new microbalance to have a sensi- 
tivity of 100, which means the displacement of exactly 100 scale units per 0.1 mg. 
change of weight : on the pan. The sensitivity of a microbalance usually drops after 



F.C. 18-2. Double-Pail Micobalance. (Courtesy William Ainsworth & Sons, Inc.) 


in I ycar ' 11 is «* necessar y 
the sensitivity is proven to be away trim ™ ° ? 0nce a m °"A- When 

to correct for the displacement in terms of table ma y be prepared 

the sensitivity drops below 80 it is advisahle S “'f'"'’ 1 “"crograms. When 

the center of gravity of the mLobalant Tw“ ImuTd t “fT by 
“^LL" r«fa h ° “ “ Pt dama S e the microbalance Pe by a " eXpert 

single-pan microbalance ^tlie^doirfcde-pan^mic'robala “*"7* ° f I*"** *. 
tdentxcal to that for the correspondingTodTof the ' v * d ^ce is 

After the object to be weight has been carefully *T, OI J nary analytical balance, 
balance window is closed. The control knob is L P 1 d ° n Ae pan ’ the micr °- 
or pans and beam smoothly. The weights, down to 
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adjusted in the conventional manner, the balance being arrested each time when 
die weights ate altered. Finally the balance is arrested for 20 sec. and then re* 
leased to obtain die last two figures. This last step is repeated to make a check 
reading. 

Double-pan microbalances, without the damping device, aie preferably operated 
by means of the "swing-pair” technique to obtain the last two figures as follows. 
The weight is first adjusted to the nearest tenths of milligram by moving the rider. 
Then the balance is set in motion smoothly. Readings are taken beginning with the 
second swing to the right. Three or four pairs of successive inflection points of the 
pointer are recorded. The algebraic sum of each pair gives the "rest point” in 
pointer-scale units. An example is shown below. 


Left Suing 

Right Swing 

Rest Point 

-02 

+31 

+29 

-01 

+30 

+29 

00 

+29 

+29 

+01 

+29 

+30 


If the successive swing-pairs are erratic, improper technique or unstable condition of 
die microbalance during the operation is indicated, and die weighting should be 
repeated. The last two figures, hundredths of milligram and micrograms respec- 
tively, are obtained from the rest point and sensitivity of the microbalance. 

Tares and Fractional Weights.— When the double-pan microbalance is employed, 
it is customary to prepare a suitable tare for each container used for holding the 



Tig. 18 3. (a) Tare Wire; (b) Tuic Mask. Tic. 18-4. Tare Tube. 


analytical sample or the product. This eliminates the tedium of handling many 
pieces of weights and the arithmetic involved. Tares for containers weighing be- 
tween 0.5 g. and 2 g. are conveniently made by bending copper wire into a tri- 
angular shape as shown in Fig. 18-3(a). A container that is heavier than 2 g. may 
be tared by means of the tare flask (Fig. I8-3(b)) or the tare tube (Fig. 18-4). The 
weight of the former is regulated by introducing lead shots, while that of die latter 
by inserting a metal wire. It is advisable to adjust the weight of the tare to about 




Fic. 18-5. Fractional Weights 


He, 18-6. Ivory Forceps for 
Handling Weights and Tares. 
(Courtesy A. H. Thomas Co) 



quantitative microchemical analysis 


361 


! bCam 
^°The spiraHorm of fractional weights (Fig. 18-5) is recommended tor qu^um.ve 

“ImJm wta° K advisable”*, «, Ly forceps whh a flat round d.sc 
at tire tip (Fig- 18-6) for handling fractional weights and tares. 

PREPARATION OF SAMPLE FOR MICROANALYSIS 
Dn hvr Device.— When the sample submitted for quantitative microanalysis is 
expected to be a pure compound, it should be properly dried to remove the sur- 
face moisture, residual solvent, and solvent of crystallization, respectively. A small 



I* ic. 18-7. Schenck-Ma Automatic Temperature Controlled Drying Oven. (Courtesy 

Micro-Ware, Inc.) 


quantity of the sample is transferred into a half-dram vial. If drying at room tem- 
perature is sufficient, the vial with its contents is kept overnight in the ordinary 
vacuum desiccator in which phosphorus pento.xide is placed. Drying at elevated 
temperatures is best conducted in an automatic temperature controlled drying 
oven 5 (Fig. 18-7). Several vials containing different samples may be lined up in 
the large glass tube, which is inserted into a hollow aluminum cylinder heated by 
an external winding of resistance wire. The large glass tube is connected through 
a ground glass joint to the desiccant holder, which is fitted with a stopcock for 
evacuation. Phosphorus pentoxicle is stored in a small tube that is dien placed in 
the desiccant holder. This permits easy removal of the spent desiccant. The tem- 
perature of the drying oven is regulated by an electronic thermostat, and can be 
maintained between 25°C. and 300°C with a precision of ±2°C. Thus, the sample 

5 Schenck, R. T. E., and Ma, T. S., Mikrochemie, 40, 236, 1953. 
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can be dried at any temperature within this range. Temperature equilibrium i s 
reached within about 5 min. When 100 mg. or less o£ the sample is in the vial and 
the pressure is reduced to about 20 mm., the sample will be completely freed ol 
surface moisture or solvent if the drying oven is kept at 100°C. (or the boiling point 
of solvent) for 1 hr. 

It should be noted that samples for purity test or quality control should not be 
dried prior to analysis. This is also true for mixtures whose constituents are to be 
determined. 

Pulverizing and Mixing Devices.— The small agate mortar and pestle (Fig. 18-8) 



Fic. 18-9. Micro Sieve. 


are used to pulverize samples that can not be broken down by cutting with the 
microspatula, or being pressed between two pieces of clean glass slides or glazed 
paper. Mixing of the pulverized product is not advisable when the analytical 
sample is expected to be a pure compound. On the other hand, heterogeneous 
samples, e.g., rocks and pharmaceutical preparations, should be finely ground and 
the powder sifted over a fine sieve. The latter is conveniently prepared as follows. 
A piece of silk-fabric or 100-mesh copper wiiq screen is spread over a 5-ml. beaker 
and the edges are then fastened by means of a ru6i>cr band or metaf wire (Fig. 
18-9). The powered material is transferred 'onto the sieve and pushed with the 
microspatula. Particles which do not pass the sieve are returned to the mortar and 
reground. The powder in the beaker is again thoroughly mixed and a representa- 
live sample is obtained by quartering. 

If a heterogeneous solid sample is completely soluble iii a suitable solvent, it may 
be advantageous to dissolve the whole micro sample (or a relatively large yveight of 
sample) and take aliquots for analysis. Thus, for the determination of nitrogen in 
fertilizer, a one-g. sample can be dissolved in water and made up to exactly 100 ml. 
Then 1.00-ml. portions arc taken for micro-Kjeldahl determinations. 

Sample Containers. For Solids.— The container for weighing a sample for quanti- 
tative microanalysis depends on the consistency of the sample and the determina- 
tion required. Containers for handling solids include platinum, quartz, or porce- 
lain microboats (Fig. 18-10), micro platinum or porcelain crucibles (Fig. 18-11); and 
glass weighing tubes (Fig. 18-12). The last item should be so fashioned that the 
wide end can pass through the neck of the reaction vessel used in the analysis, 
while the narrow end can be reached by the microspatbla. The length of the han- 
dle should fit the size and shape of the reaction vessel. 
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l'ic. 1S-10. Microboats. (Courtesy 
A. H. Thomas Co.) 


Fie. 18-11. Micro PJalinum 
Crucible. (Courtesy Baker Plat- 
inum Division, Engelhard In- 
dustries.) 




— • = 

Fie. 18-12. Weighing Tube. 


For Liquids.— Liquid samples are weighed in microweighing bottles* 3 (Fig. 18-13) 
or capillaries." The step in making the microweighing capillary is shown in 
Fig. 18-14. A section of capillary of about 1.5 mm. diameter, («), is heated over 
a small flame until the glass softens to form a constriction, ( b ), with very fine 
channel. The flame is moved to about 15 nun. from the constriction and that 



Fig. 18-13. Microweighing Bottle. (Reprinted with permission from Microchemical Jour- 
nal, 3; 508, 1959, John Wiley and Sons, Inc.) 


part of die capillary is heated until a molten section, (c), is formed. The molten 
glass is drawn out, (cl), and broken in the flame to make a handle, (<■). Then the 
other side of die capillary from the constriction is heated at about 25 mm., and 
drawn out to form a fine tip of 25 mm. length, (/). In use, the microweighing 
capillary is weighed on die microbalance. Then its handle is held between two 
fingers and the liquid chamber— between the tip and the constriction— is warmed 
over a tiny flame. Immediately afterwards, the tip is immersed in the liquid sample 
(Fig. 18-15(a))i The sample enters the capillary owing to the reduction of gas 
volume inside by cooling. When the liquid reaches the wide part for a length of 
about 2 mm.; the capillary is withdrawn and the approximate increase in weight 
is determined. If diis amount is suitable, the capillary is held by its handle, with 

o Karten, B. S„ and Ma, T. S„ Microchem., J„ 3, 508, 1959. 

" Ma, T. S., and Eder, K. W., J. Chinese Chem. Soc., 15, 112, 1947. 




Fig. IS-I-I. Construction of the Micron eighing Capillars. 


the tip pointing upward. By gently tapping the hand holding the capillary against 
the other arm. the liquid will fall down the capillary until it reaches the constriction. 
The tip of die capillary is then sealed in the flame. The capillary containing the 
liquid sample (Fig. 18-15(6)) is now accurately weighed. 

In case too much sample has entered the capillary, as indicated by the approxi- 
mate weight, part of the sample can easily be remoxed by wanning the lower sec- 
tion of the liquid chamber, whereupon the sample is pushed out, and absorbed on 
a filter paper. On the oilier hand, if more sample is desired, the entire liquid is 
expelled from die capillary by wanning and the process of filling the capillary is 
icpe.ited. 

A slight modification of the filling technique described aboxe is recommended 
for the liquid sample dial boils near room temperature, or which consists of a mix- 
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cure containing very low boiling components. Since warming the capillary is not 
feasible, the capillary tip is first immersed in the sample and then a piece of dry 
ice is caused to touch the liquid chamber. Thus, the liquid moves into the capil- 
lary because the gas inside is cooled to a temperature considerably below room 
temperature. Alternatively, a microweighing capillary with the tip of about 10-mm. 
length and 0.5-mm. bore is prepared. Then the liquid sample can be introduced 
to near the constriction of the capillary by means of either a dropping pipet with 
a fine tip or a microsyringe. As a matter of fact, these last two devices may be used 
for weighing liquids by difference, provided the amount taken for analysis is over 
10 mg., and high precision is not required for the determination. 

Microdesiccator . — The term microdesiccator is a misnomer since the appaiatus 
contains no desiccant and is never used for the purpose of removing water or othei 
solvent from the micro sample. It is just a storage device for keeping the micro- 




Fig. 18-16. Pregl Microdesiccator. 
(Courtesy A. H. Thomas Co.) 


Fig. 18-17. Improved 
Microdesiccator. 


boat or microcrucible holding the sample or product of analysis. It protects the 
material from contamination by dust, moisture, etc. in the atmosphere. It also 
provides a convenient means for transporting the sample from the microbalance, 
which is always at some distance from the site of the chemical process such as the 
combustion furnace or digestion stand. 


The microdesiccator of Pregl (Fig. 18-16) has been displaced by other models 
because it is too big and clumsy. An improved design is shown in Fig. 18-17. 
The bottom part is a metal block cut from an aluminum or copper cylinder of 
50 mm. diameter. It is machined to give a slightly concave surface depressed 
about 3 mm. to accommodate the top, which is a glass cover widr ground glass rim. 
The latter is conveniently made from a IOO-ml. beaker cut to a 40-mm. length, 
and polished. The side of the metal block is grooved so it can be held by the 
fingers without slipping. 


As mentioned previously, under “The Microchemical Balance,’' a hot object 
should never be placed on the microbalance pan. This object should be immedi- 
ately put in the microdesiccator and the glass cover replaced. Because of the ef 
ficient heat conductance of metal, a platinum microboat or microcrucible from the 
hot oven can be weighed after standing in the microdesiccator for 5 to 10 min 
in contrast to the 30-min. minimum waiting period when porcelain plate is used 

need nm e K al J maCr ° ? uantitative analysis. The microdesiccator 

need not be placed inside the microbalance case, and it should not be there when 

holding a hot object. The object to be weighed should equilibrate with the room 
temperature outside the microbalance. 
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MICRODETERMINATION OF THE ELEMENTS 
IN ORGANIC COMPOUNDS 

GENERAL 

Since the largest demand of quantitative organic microanalysis is the determina- 
tion of the elements, considerable attention has been given to this subject during 
the past two decades and a great deal of progress has been made. Now it can be 
said that each and every element that may be found in an organic compound can 
be determined by means of a reliable micromethod. Hence it is possible to make 
a complete analysis of any organic sample in order to account for every element 
that may be present. Such practice, however, is recommended only for die investi- 
gation of organic materials of completely unknown nature. For most samples, de- 
termination of one or two elements usually suffices. 

A number of micromethods have been proposed in which several elements can 
be determined simultaneously using the same sample. 8 * This serves to conserve the 
working material and save the time required for separate combustions. Precision 
and accuracy aie often sacrificed, however, when such procedures are used. 

Various automatic microcombustion assemblies have been proposed. The com- 
pact apparatus for automatic micro-Dumas determination of nitrogen, as described 
by Gustin,® is shown in Fig. 18-18. The operator weighs the sample and intro- 
duces it into the vertical combustion tube, then waits to read die final volume of 
nitrogen gas recorded on die dial. The intervening steps of sweeping, combustion, 
and collection of gas are carried out automatically, according to a preset time 
schedule. A commercial automatic microcombustion train for the determination 
of carbon and hydrogen is also available currently (Fig. 18-19). 10 The analyst 
needs only to weigh the sample and absotption tubes for water and carbon diox- 
ide. The use of automatic microcombustion apparatus makes it possible for die 
analyst to handle several pieces of equipment at the same time. Thus, the man- 
hours required for each determination are reduced. Such a device is recommended 
for the routine microanalytical work in which a large number of samples of the 
same nature and approximate composition are processed. If there is a continuous 
variation in the nature of organic materials to be analyzed, however, die analyst 
should give each sample individual attention in order to avoid erratic and dis- 
appointing results. 

MICRODETERMINATION OF CARBON AND HYDROGEN 
BY OXIDATION IN A COMBUSTION TUBE 

Principle .— The micromethod described in this section is a modification of die 
original Pregl procedure. The organic compound is oxidized in a current of oxy- 
gen by means of copper oxide at 700° to 800°C., whereupon carbon is converted 
quantitatively to carbon dioxide, and hydrogen to water vapor. The respective 
products are then retained in suitable absorbents and weighed. 

Apparatus .— Figure 18-20 shows the flow-sheet diagram of the microcombustion 
train for the determination of carbon and hydrogen. Figure 18-21 shows a com- 

8 See reviews by Ma, T S., Anal. Chem., 30, 7G0, 1958; 32, 80R, I960; Ma, T. S., and 
Gutterson, M, Ibid, 34, 111R. 1962. 

8 Gustin, H. jU., Mxcrochem. J., 1, 75, 1957. 

18 Available from Coleman Instruments, Inc, Maywood, 111. 
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Fig. 18-1S. Automatic Nitrogen Analyzer of Gustin. 


Oxygen Cylinder A .— Oxygen of very high purity, free from hydrogen and hydro- 
carbons, is commercially available in large cylinders and “lecture demonstration 
bottles." The latter is recommended for occasional carbon and hydrogen micro- 
determinations. The bottle is opened gradually to regulate the flow of gas. It 
can also be connected to a simple regulator (Fig. 18-22). A large cylinder of oxy- 
gen, if used, should be connected with a pressure gauge and needle valve regulator. 

- If pure oxygen is employed, blank analysis will cause negligible increase & on the 
weights of water and carbon dioxide absorption tubes. Then the preheater C 
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shown in Fig. 18-21 becomes superfluous, since its purpose is to remove hydrogen 
and organic matter from the oxygen reservoir. 


B 



r i 


l u I 

a, . 



Fig. 18-21. The Carbon and Hydrogen Micvocombusiion Assembly Arranged for Left- 
Handed Operation. (Courtesy A. H. Thomas Co.) 


Constant Pressure Device B .— The constant pressure device (Fig. 18-21 B) con- 
sists of two parts. One part is a bell jar with a central tube for gas inlet and a 
side arm for gas exit. The gas inlet tube should 
extend about 3 mm. beyond the rim of the bell 
jar, which is placed inside a cylinder. The latter 
is partially filled with distilled water to which a 
little sodium hydroxide is added, in order to pre- 
vent the atmospheric carbon dioxide from passing 
into the gas stream. 1 When oxygen is passed into 
the combustion train through die pressure regu- 
lator, the water inside the bell jar will be pushed 
out so that the level of water surrounding the bell 
jar is about 60 mm. from its rim. The valve of 
the oxygen cylinder should be so adjusted that the 
bell jar is always full of gas and occasionally bub- 
bles of oxygen escape through the outside cylinder. 

Bubble Counter— U-T.ube D .— The bubble 
counter is filled with concentrated sulfuric acid 
until the tip of the gas inlet tube is about 3 mm. 

immersed in the liquid. One arm of the U-tube is packed with the carbon dioxide 
absorbent, while the other arm, which is connected to the combustion t^tls 



Fig. 18-22. Simple Gas Regu- 
lator. (Courtesy Fisher Scien- 
tific Co.) 
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filled with the water absorbent. Cotton serves as partition and as plugs at the 
two ends. 

The Combustion Tube £.— A typical packing for the combustion tube for micro- 
determination of carbon and hydrogen is shown in Fig. 18-23. A small wad of 
silver thread is pushed towards the tip of the microcombustion tube, and a silver 
wire about 10 mm. longer than the tip is inserted through the other end. Then 



Ag PbO f Ag CuO Ag Micro P( boat Cork 


Tic. 18-23. Packing of Microcombustion Tube for C-H Analysis. 

long-fibered asbestos is packed into the tube to a length of about 5 mm. This 
serves as a choking plug to control the speed of the gas. Lead peroxide (specially 
prepared for micro C-H analysis) is introduced. This section should be about 
50 mm. long and should be heated at 180 ± K) S C. A little asbestos is added as 
partition, followed by the roll of silver wire, 50 mm. long. Another asbestos par- 
tition is introduced. Then the tube is filled with the oxidizing agent, which con- 
sists of copper oxide, either in wire form or prepared from a roll of fine copper 
wire gauze (100 mesh) by ignition over a strong flame. This section should be 
about 180 mm. long, and it is followed by a little asbestos and the roll of silver 
wire of 40-mm. length. The length of each section should not be governed by 
a rigid rule but should fit the combustion furnace F. Electric microcombustion 
[urnsces are commonly used nowadays, though the gas burner of Fregl (Fig. 18-24) 
also gives satisfactory results. If the laboratory 
is air-conditioned, however, gas burners are not 
recommended because they generate consider- 
able amounts of heat and carbon dioxide.-f 
The microcombustion tube is conveniently 
closed with a cork stopper which fits snugly 
and squarely at the opening (see Fig. 18-23). 
The cork stopper is shaped from one dial is 
wider than the microcombustion tube, by 
slowly and carefully squeezing the cork into the 
neck of the tube. The cork stopper is better 
than a lubber stopper or a ground-glass cap; 
if there is a sudden gas expansion inside tlic 
combustion tube, the rubber stopper or glass 
cap might cause an explosion. 

The packing described above in this section 
has been called “universal packing,” meaning 
that it may be used for the analysis of almost all types of organic compounds. 
It should be noted, however, that a microcombustion tube packed in this manner 
may not give satisfactory results for compounds containing fluorine, mercury, or 
osmium. Mercury and osmium tetroxide have high vapor pressure at the tempera- 
tures of combustion, and will pass into the absorption tube. Fluorine is not quan- 
titatively retained by the silver roll; hence, a section of magnesium oxide should 
be incorporated into the packing. 



Fig. 18-24. Pregl Long Burner for 
Miciocombustion. (Courtcs) A. H. 
Thomas Co.) 



quantitative microchemical analysis 

^ . , , I* .V- 


371 


Maneanese dioxide pellets have been advocated for the removal of nitrogen 
oxides in place of lead peroxide. In the former case, the reagent should be plac 
• tube (FL 18-25 (a)) between the two absorption tubes as shown m Fig. 18-20 G. 


i 
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Fig. 18-251). Absorption 'Pubes for 
Water and Carbon Dioxide. (Cour- 
tesv A. H. Thomas Co.) 


Fig. lS-25a. Absorption Tube for Removal of 
Nitrogen Oxides. (Courtesy A. H. I homas Co.) 

The silver wire protruding from the tip of the microcombustion tube should extend 
into the tip of the water absorption tube (Fig. 18-20 H) so that no water drops 
will form in the capillary. 

Water and Carbon Dioxide Absorbers. — T iiese are called absorption tubes (Hg. 
lS-25(b)) and their dimensions should meet recognized specifications. 11 The 
water absorber is packed with Anhydrone (magnesium perchlorate dihydrate) oi 
other suitable efficient drying agent. Cotton is used to plug both ends and form 
a channel as shown in Fig. 18-26. The carbon dioxide absorber (I'ig. 18-20, I) is 


Anhydrone 



Fig. 18-26. Packing of the Water Absorber. 


filled in a similar manner, except that the cotton channel is placed near the stopper 
and the absorption tube is first packed with a section (about 10 mm.) of Anhy- 
dvone before introducing the Ascarite (sodium hydroxide impregnated on asbestos), 
f he stoppers are sealed by means of Kronig cement. 12 The stoppers of the re- 
spective absorbers should face each other in the combustion train. In order to 

11 U. S. Specifications recommended by the Committee on Microchemical Apparatus, 
Division of Analytical Chemistry, American Chemical Society; see Alb^r, H. K., Mikro- 
chemie, 36 and 37, 75, 1951; British Standards Institution, British Standards. 

-Available from A. H. Thomas Co., Philadelphia, Pa. 
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prevent leakage, a special kind of rubber tubing, 12 which is impregnated with 
paraffin, should be used for connections. The microcombustion tube and the re- 
spective absorption tubes should join bud-to-bud, and each pair of glass terminals 
should have the same outside diameter. The rubber connections should be lubri- 
cated sparingly with glycerol. 

The Guard Tube and Mariotte Bottle.— The guard tube (Fig. 18-21, J) is to 
pievent moisture from backing up into the carbon dioxide absorber. The Mari- 
otte bottle (Fig. 18-21, K) serves the purpose of varying the gas speed, if necessary, 
during the anal) sis, and measuring the volume of oxygen that has passed through 
the absorptiou tubes. 

Procedure. Acclimatization of the Microcombustion Train.— The microcombus- 
tion train is preferably assembled on a permanent bench as shown in Fig. 18-21. 
Before the analysis, the valve of the ox)gen cylinder is opened to pass a current 
of gas through the combustion and absorption tubes. The 
furnaces are turned on. The copper oxide section should be 
maintained at 700° to 800°C., while the lead peroxide and half 
of the silver roll should be heated at 180°C. If lead peroxide 
is not used, the silver roll should be kept at 300° to 400°C. 
Once the level of water in the pressure regulator has been 
adjusted so that the volume of oxygen passing through the 
combustion tube is about 100 nil. in 20 min. while the exit 
tube of the Mariotte bottle is at a horizontal position, it is 
not necessary to change the water in the pressure regulator 
for several months. 

While wearing a clean pair of gloves, the analyst checks 
the combustion train for leaks, by turning off the stopcock 
on the guard tube, so that oxygen will stop entering the 
bubble counter. The absorption lubes arc removed from the microcombustion 
train and the tips of the absorption tubes are wiped with a piece of tissue 
paper. 1 ® The absorption tubes are placed near the microbalancc for 5 min, 
then set on the hook of the balance pan and weighed. The tube may be handled 
by means of the gloved thumb and index finger, or preferably by using a special 
fork (Fig. 18-27). In the former case, the tube is picked up by the center section; 
in the latter, it is picked up by the end. The water absorption tube is weighed 
first, followed by the carbon dioxide absorber. 

The Course of Analysis.— Prior to the weighing of the absorption tubes, the 
sample to be analyzed should be weighed. Solid substance is weighed in a plati- 
num microboat (see Fig. 18-10); liquid sample is weighed in a capillary (see Fig. 
18-15). After the absorption tubes have been replaced in the microcombustion 
train, the stopcock leading from the pressure regulator is turned off and the cork 
stopper of the combustion tube is removed. 

The sample is introduced as follows: when the microboat is used as sample 
container, the boat is transferred from the microdesiccator (see Fig. 18-17) into die 
mouth of the combustion tube by means of the forceps, and then pushed inside 
by means of a glass or platinum wire hook until it is about 50 mm. from the sihef 

12 The expert micro-analyst may prefer using a piece of chamois instead of the gloves 
and wiping the absorption tubes with wet flannel cloth and moist chamois, instead ot 
tissue paper. The novice, however, usually finds it difficult to use this technique. 



He. 18 27. Fork for 
Handling Microab 
sorption Tubes. 
(Courtesy A. H. 
Thomas Co) 
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roll- if the sample is weighed in a sealed capillary, a platinum foil about 40 mm. 
l on o- bent inwa triangular shape, is first placed at rite neck of the combustion 
tube; the end of the capillary tip is cut off, and the capillary is laid on the P latuiu ®“ 
foil; the latter is pushed towards die silver roll until the capillary tip is 50 mm. 
away from the silver roll. 

The cork stopper of the combustion tube is now replaced. The stopcock of the 
ffuard tube is then opened. If water continues to drop out from the Manotte bottle, 
a leak in the system is indicated, and it should be corrected before the combustion 
can be started. When the train is proven to be satisfactory, the stopcock of the 
pressure regulator is opened. Presently bubbles should appear in the bubble 
counter and water should drop out from the Mariotte bottle; otherwise the micro- 
combustion train is clogged and should be checked. 

The microboat (or platinum foil) is heated gradually by placing the burner 
under the combustion tube and to the right of the microboat. The burner is 
slowly moved leftward. Solid sample usually melts first, and then volatilizes or 
sublimes. Liquid sample will come out of the capillary tip and settle in the com- 
bustion tube. In order to prevent incomplete combustion, it is important to 
control the rate at which the sample enters the oxidizing mixture. A sample of 
3 to 6 mg. ordinarily requires about 10 min. 

After the sample has disappeared, 100 ml. of oxygen are passed through the 
microcombustion train. The stopcock of die guard tube is closed. The absorp- 
tion tubes are disconnected, placed near the microbalance, and weighed as de- 
scribed above. The increases in weight of the respective tubes give the amounts 
of water and carbon dioxide produced from the sample. The respective per- 
centages of carbon and hydrogen are then calculated. 


MICRODETERMINATION OF CARBON BY OXIDATION 

IN A SOLUTION 

Principle .— The organic compound is dissolved in a phosphoric acid solution that 
contains such strong oxidizing agents as sulfuric, chromic, and iodic acids. Heat- 
ing the reaction mixture effects the complete conversion to carbon dioxide. The 
latter is absorbed in sodium hydroxide solution, forming sodium carbonate. Acidi- 
fication of the carbonate solution regenerates carbon dioxide gas, which is deter- 
mined manometrically. The presence of nitrogen, halogens, sulfur, alkali metals, 
etc., does not affect the results. 

This method was developed by van Slyke, Folch, and Plazin « for the micro- 
determination of organic materials in a solution. It can be used also for the 
analysis of solid samples, but it is not suitable for the determination of carbon 
in low-boiling liquids. 

Apparatus .- The apparatus for microdetermination of carbon by wet combus- 
uon is shown in Fig. 18-28. The reaction vessel. A, is connected by means of 
a ball-and-socket joint to the absorption chamber assembly, B. The contents in 
the chamber can be magnetically agitated. The latter can be opened to the atmos- 

stopcock ' or ,0 ,he raercury !evelin8 bi,lb ' £ - by " ,;iy 


n\an Sl)ke, D. D., Folch, J., and Plazin, J„ J. Biol. Chern., 136, 509, 1940. 
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Procedure. Preparation for the Oxidation.— The reaction vessel, A, is dis- 
connected from the connecting tube. The sample is introduced into the bottom 
either by means of the weighing tube (see Fig. 18-12) for solids, or by using the 
pipet for solutions. The sample taken should contain 2 to 3 mg. of carbon. A 
few grains of alundum are added to act as boiling chips, and 200 mg. of potassium 



Fig. 18-28. Manomctric Apparatus for Wet Combustion. (Courtesy A. H. Thomas Co) 

iodate are introduced. The ground glass joint is lubricated with sirupy phosphoric 
acid, and the connecting tube is replaced. 

The manometer is filled with mercury and its stopcock closed. With the stop- 
cock of the reaction vessel closed, tire lower stopcock, F, open and the leveling 
bulb, E, in the upper ring, the stopcock of the absorption chamber is carefully 
opened so that mercury is forced into and above the absorption chamber, B, until 
the cup of the absorption chamber assembly is filled with several milliliters of 
mercury. The stopcock of the absorption chamber is then closed while the lower 
stopcock, F, is left open. 
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Now the leveling bulb, E, is placed in the lower ring and the stopcock of the 
absorption^ chamber is turned soasto connect the chamber with the reaction ves- 
sel A The mercury level in the absorption chamber falls immediately since air is 
drawn from the reaction vessel. The leveling bulb is then lowered Tel owdie .lab- 
oratory bench so that mercury is drawn out of the absorption chamber. Whe 1 
mercury level in the cliamber, B, has reached the 50-ml. mark, the lower stopcock, F, 
is closed and the leveling bulb, E, is returned to the upper ring of the stand. 
The stopcock of the absorption chamber is then closed and the lower stopcock, t, 
is again opened. This action admits mercury into the absorption chamber and 
compresses the trapped air. By turning the stopcock of the absorption chamber to 
connect the chamber to the cup, the trapped air is forced out together with a 
few milliliters of mercury. 

A solution containing 0.5 M sodium hydroxide and 0.3 M hydrazine sulfate is 
introduced into the absorption chamber, B, in the following manner, the leveling 
bulb, E, is placed in the lower ring of the stand; the stopcocked cylinder, G, which 
holds the alkaline hydrazine solution, is fitted with a rubber tip so that the de- 
livery end makes a gas-tight connection when the tip is pressed tightly against 
the bottom of the cup above the absorption chamber, which contains a few milli- 
liters of mercury; with the stopcock on the cylinder open, the stopcock of the 
absorption chamber is opened slightly so that the alkaline hydrazine solution 
slowly enters the absorption chamber; when the hydrazine solution is about 1 mm. 
above the 2-ml. mark in the absorption chamber, both stopcocks are closed and 
the leveling bulb is returned to its holder; the stopcock of the absorption chamber 
is opened momentarily so that both the solution in the capillary of the cock and 
enough mercury for a seal are drawn into the chamber. In order to eliminate 
the error due to atmospheric carbon dioxide, the alkali on the walls of the cup 
is washed away with several portions of distilled water, each of which is removed 
by the water aspirator. 

The Oxidation.— By lowering the leveling bulb, E, below the bench top, mer- 
cury is slowly drawn out of the absorption chamber, B, and the manometer, C. 
When the mercury level in the manometer stands a little below the level of the 
2-ml. mark on the absorption chamber, the lower stopcock, F, is closed and the 
leveling bulb, E, is placed in the lower ring of the stand. The stopcock of the 
absorption chamber is now turned to connect the chamber with the reaction ves- 
sel, A. Three ml. of the oxidizing fluid (prepared by mixing 2.5 g. of chromic 
acid, 0.5 g. of potassium iodate, 17 ml. of sirupy phosphoric acid, and 33 ml. of 
fuming sulfuric acid) are introduced into tire cup above the reaction vessel, A 
The stopcock below the cup is carefully opened to allow 2 ml. of the oxidizing 
fluid to run into the reaction vessel. A, making certain that no air enters the 
system. . The contents of the reaction vessel. A, are carefully heated to boiliim 
with the microburner (or preferably in a heating stage « automatically controlled) 5 
As carbon dioxide and oxygen are evolved, the mercury falls in the absorption 
chamber, B, and rises on the manometer, C. During this stage, the lower stop- 
cock, F, is opened momentarily every few sec. to admit mercury from the leveling 
btdb E, into the absorption chamber, B, and to keep the gas space in the chamber 
at about 10 ml. Within 1 mm. from the beginning of the heating, enough gas has 
been evolved to press the mercury in the manometer up to its top, and to permit 
the lower stopcock, F, to be opened completely without causing a back flow of the 

15 Ma, T. S., and Schenck, R. T. E., Mikrochemie, 40, 245, 1953 
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alkaline hydrazine solution from the absorption chamber, D, to the reaction ves- 
sel, A. The lower stopcock, F, is now left fully open during the rest of the reflux 
with the system under a pressure of about GOO mm. of met cury. Vigorous boiling » 
continued at this pressure for 2 min. to complete the oxidation. 

Absorption of Carbon Dioxide by the Alkali in the Absorption Chamber.— After 
the completion of the oxidation, the leveling bulb, E, is lowered below the bench 
top, until the level of the mercury in the absorption chamber, B, drops to the 
50-ml. mark. The contents of the reaction vessel, A, boil vigorously under the 
reduced pressure. The leveling bulb, E, is quickly raised, causing mercury to 
return to chamber, B. As soon as the space in the chamber, B, has been com- 
pressed to about 7 ml., the leveling bulb, E, is quickly lowered below the bench 
top until the mercury in the absorption chamber falls again to the 50-ml. mark. 
This process of alternate expansion and compression should be repeated rapidly 
25 times in about 5 min. The lower stopcock, F, is closed and die leveling bulb, 
E, 1$ replaced in the lower ring of the stand. 

The heater is then removed from under die reaction vessel, A. The stopcock 
of the reaction vessel is opened and the ball-and-socket joint is disconnected from 
the absorption chamber, B, the stopcock of the chamber being closed. Immediately 
after removal of die reaction vessel, A, the bent capillary tube of the stopcock 
above the absorption chamber must be filled with mercury. This is done by 
connecting the capillary through the ball joint to a test tube containing mercury, 
and carefully opening the stopcock, so that mercury enters the capillary and fills 
the cock, and a few drops fall into the absorption chamber, B. 

Removal of Unabsorbcd Gases. The lower stopcock, F, is opened and leveling 
bulb, E, is placed in the upper ring of die stand. Next the stopcock on the ab- 
sorption chamber, B, is opened carefully, allowing the gases to escape through the 
mercury pool in tile cup, until the alkaline hydrazine solution just reaches the 
bottom of the stopcock. Then the leveling bulb, E, is returned to the lower ring 
of the stand and the stopcock on the absorption chamber is opened momentarily 
to provide a mercury seal. 

Liberation of Carbon Dioxide and the Reading of P r — A l-ml. stopcock pipet, 
fitted with a rubber tip, is filled to the mark with 2 Af lactic acid solution. The 
rubber tip is then pressed against the bottom of the cup above the absorption 
chamber, B, and the stopcock on the pipet is opened. By carefully turning the 
stopcock on the absorption chamber, B, exactly 1 ml. of lactic acid solution is 
delivered into die chamber. The pipet is removed and the stopcock on the ab- 
sorption chamber is opened momentarily to elFect a mercury seal. The leveling 
bulb, E, is lowered below the bench top, drawing mercury out of the absorption 
chamber, B. When the mercury reaches the 50-ml. mark in die chamber, the 
lower stopcock is closed and the leveling bulb is replaced in the lower ring of 
the stand. The magnetic stirrer is turned on and the contents of the absorption 
chamber, B, are agitated for 30 sec. Carbon dioxide is liberated causing die mer- 
cury level in the absorption chamber, B, to fall below the 50-ml. mark. The lower 
stopcock, F, is opened occasionally to admit some mercury into the absorption 
chamber, B, to return die mercury level at the 50-ml. mark. Finally the solution 
is stirred for 90 sec. to complete the reaction between sodium carbonate and lactic 
acid. The leveling bulb, £, is now placed in the upper ring in die stand and the 
lower stopcock, F, is carefully opened to force mercury into the absorption cham- 
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ber, B, until the mercury level is exactly at the 10-ml. mark. The manometei 
reading is then recorded. This gives the pressure P r 

Re-absorption of Carbon Dioxide and the Reading of P 2 — The leveling bu , 
E, is placed in the lower ring of the stand and the lower stopcock, F, is opened. 
One ml. of 5 N sodium hydroxide solution is delivered into the cup above the 
absorption chamber, B. The stopcock on the absorption chamber is carefully 
opened to admit the mercury in the cup into the absorption chamber. When the 
mercury level reaches the capillary above the stopcock, a note is made of the 
height of the sodium hydroxide solution in the cup, which is graduated. I he 
stopcock of the absorption chamber is kept open until exactly 0.5 ml. of alkali have 
entered the absorption chamber, B. About 2 ml. of mercury are added to the 
cup and a mercury seal is again made. The excess alkali in the cup is removed 
by suction and rinsing with distilled water. The contents of the absorption cham- 
ber are mixed by lowering the leveling bulb, E, below the bench top to bring 
the surface of the solution down to a point a little below the 10-ml. mark, and 
dien raising die leveling bulb to a point above the ring so that the pressure in 
the absorption chamber is about atmospheric, as shown on the manometer. This 
process of lowering and raising the leveling bulb, E, is repeated 3 times. Then 
the leveling bulb is lowered below the bench top to bring the solution meniscus 
in the absorption chamber, B, down a little below the 10-ml. mark, and the 
lower stopcock, F, is closed. The leveling bulb, E, is placed in the upper ring 
of the stand. After standing for a minute to allow complete drainage of the alkali 
from the walls, the lower stopcock, F, is carefully opened to raise the meniscus to 
exactly the 10-ml. mark. The manometer reading is taken, which is P 0 . The tem- 
perature of the water jacket is also read. 

Calculation.— The pressure of the carbon dioxide produced by the sample is 
given by the formula 


Pco 2 = Pi — Pa — blank 


where blank represents the pressure obtained when the entire procedure is re- 
peated at the same temperature and using the same reagents, but without the 
sample. The weight in milligrams of carbon present in the sample is found by 
multiplying the pressure of the carbon dioxide by a factor given in Table 18-1. 


milligrams C = Pco 2 X factor 

MICRODETERMINATION OF NITROGEN 
BY THE DUMAS PRINCIPLE 

Principle — The Dumas method for the determination of nitrogen is based on 
tre oxidation of the organic compound at high temperature in an atmosphere 
of carbon dioxide. Part of the nitrogen present in the sample is evolved as free 
nitrogen but most of it is converted to the oxides. The latter are reduced to free 
mtiogen by hot metallic copper. The gas stream is conducted through a solution 
of potassium hydroxide, which absorbs the carbon dioxide and other acidic * 
leaving the free nitrogen to be measured in the micro-azotometer (nitrometer ) 
The presence of other elements in the sample does not interfere with the Sumas 
method f or determining nitrogen, since metallic elements will be transformed 
mto stable sol.ds, wh.le volatile oxides are soluble in potassium hyd“xWe it 
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Table 18-1. Factor for Carbon Calculation Using the van Slyxe Apparatus 


! 

Tempera- 1 
ture, °C. 

Factor 

X 10 3 

Tempera- 
ture, °C. 

Factor 

X 10 3 

15 

1.437 

25 

1.372 

16 

1.430 

26 , 

1.366 

17 

1.424 

27 

1.360 

18 

1.417 

28 

1.354 

19 

1.410 

29 

1.349 

20 

1.403 

30 

1.343 

21 

1.397 

31 

1.337 

22 

1.390 

. 32 

1.332 

23 

1.384 

33 

1.327 

24 

1.378 

1 

\ 34 

1.321 


should be noted, however, that complete conversion of the carbon to carbon diox- 
ide in the sample is essential for this analysis. Methane and carbon tetrahalides, 
especially carbon tetrafluoride, are resistant to oxidation. If these compounds 
escape into the micro azotometer, the results of nitrogen determination will be 
affected. 

Apparatus .—' The micro-Dumas combustion train may be assembled in various 
ways. The ASTM standard form 10 is shown in Fig. 18-29, arranged for use in 
left hand position. It consists of the gasometer assembly, A, which is connected 
to a source of carbon dioxide; the Z shaped connecting tube, Zi; microcombustion 
tube, C, which is heated by 2 electric furnaces; 3-way stopcock, D; and micro azo- 
tometer, E, which is connected to the leveling bulb, F. The gasometer assembly, 
A, is incorporated for the purpose of measuring the volume of carbon dioxide 
fed to the combustion tube. This can be advantageously eliminated. If the source 
of carbon dioxide is not pure, however, the gasometer should be used with a cor- 
rection factor proportional to the volume of gas consumed. 

Carbon Dioxide Generator.— When dry ice (solid carbon dioxide), free from air, 
is available, a simple carbon dioxide generator is prepaxed from a thermos bottle 
fitted with a rubber stopper and gas pressure relief valve 17 (Fig. 18-30). The bot- 
tle is filled with crushed dry ice and the stopper, with a mercury valve, is put in 
place. Pressure will be built up, and it is quickly released by opening the stop- 
cock. This process is repeated several times to expel all the air trapped in the 
bottle. The generator is then ready for use. One filling will keep for about 3 
days, and supplies enough carbon dioxide for about 10 microdeterminations. 

A modified Poth generator, shown in Fig. 18-31, is recommended for routine 
analysis. Hie apparatus consists of 2 connecting bulbs in an atmosphere of carbon 
dioxide under a pressure about 20 mm. mercury higher than atmospheric. A con- 

16 AST M Specification El 148-59 T. 

17 Sie)er»iark, A., et a!., Anal. Chein., 21, 1560, 1949. 
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centra ted so.tuion of P~ »PP « «, g* 

8Ue"p t emt "„dy Leftm air and will last for several hundred 

microdeterminations. 



Micro Azotometer and Connecting Stopcock.— The micro azotometer has a ca- 
pacity o£ 1.5 ml. and is graduated in 0.01 ml. The volume of nitrogen gas col- 
lected is estimated to the thousandth of a millimeter by the aid of a magnifying 
glass. A 3-way stopcock connected to the azotom- 
eter by ball-and-socket joint is specified in the 
ASTM Standard form (see Fig. 18-29). A two- 
way stopcock with long handle, however, is easier 
to operate, and the stopcock is preferably sealed 
to the micro azotometer in order to prevent leak- 
age through the joint. Small tapered grooves 
should be cut in the plug of the stopcock to facili- 
tate accurate gas flow adjustment. 

Heating Devices.— If electric furnaces are used, 
as shown in Fig. 18-29, both furnaces should be of 
the type that can be opened up and retracted away v-l’hJ 8 v *' 1 ^i Rel lef 

trom the microcombustion tube. The 2 furnaces Co.) 

should be connected to separate variable resistors 

so that die long furnace is maintained at a temperature of 700° to 800° C., while 
the short furnace can be regulated from 250° to 900°C. In the absence of electric 
furnaces, the short furnace can be replaced by a Bunsen burner, and the long- 
furnace by a Pregl long burner (see Fig. 18-24). ~ 

18 Poth, E„ Ind. Eng. Chem., Anal. Ed„ 3, 202, 1931. 




380 QUANTITATIVE MICROCHEMICAL ANALYSIS 


,f“ ' : r!, S Microcoinbusuon Train-The micro azotomeier 

(Fig. 18-29) is filled with mercury up to a level about 3 mm. above the ' 
joined to the stopcock. A pinch oi mercuric oxide (made by heati.m „ 
chloride in a small test tube) is added, together with a lO-mm. Iieadless iron “ 



die bottom, whde^he Utter an te hr ' lle 8 '‘ S bubbles do ,10t ^cumulate a 
to break up any frnni on flip r fought u p to tile top (by using a magnet 

concentrated solution of nm f 3Ce , °*, 1 ,e P ot,,SSIUm hydroxide solution, A colt 
the leveling bulb rso th^rT < ,:I ** ^ight) is poured throng! 

on top of the micro t' T* Ie ' d exIends 10 mm! inside the tuf 

leveling bulb, F. °meter, £, and also beyond the rubber tubing of the 

(after being packeda^dev .^ 0nnectetl lo t,lc tip of the microcombustion tube, C 
tubing, which is imnrctrmfp't C • » e ow ^’ b y means of a 30 mm. long special rubber 
tube is then connected m # | WUh par,,ffin ; The wide end of the microcombustion 
connecting tube, B 16 source °* car hon dioxide through the Z-shaped 

to tile tip of tlie^mirrn h St *° n ^ ube,— ^ small ball of silver thread is pushed 
bustion tube t a vertS^nsv” ^ 35 a . plu S* With tlie microcom- 

ca position, copper oxide (wire form) is poured through 
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a funnel. The funnel (see Fig. 18-32) should have a smooth constriction so that the 
material can be poured down readily. The first section of copper wues should ex- 
tend 50 mm. beyond the long furnace and also 50 mm. within it. A little long-fibei 
asbestos is introduced to serve as partition. Then 
a roll of 100-mesh copper gauze, 19 wrapped around 
a heavy copper wire 50 mm. long and fitting the 

combustion tube snugly, is inserted and pushed \ y Funne( 

towards the asbestos. After putting in another 
partition of asbestos, copper oxide wires are again 
introduced into the tube until they reach the edge 
of the long furnace. This portion of the packing 
is called the “permanent filling,” 2U which need not 
be changed for at least 100 microdeterminations, 
unless the copper gauze roll is oxidized by mis- 
handling. The 2 sections of copper oxide wires in 
the permanent filling may be replaced by copper 
oxide gauze rolls, prepared by heating rolls of 100- 
mesh copper gauze of suitable length over a strong 
flame. Wires are more convenient to use, however. 

The “permanent filling” is separated from the “tem- 
porary filling” by a layer of asbestos. 

The Course of Analysis.— If the sample subjected 
to micro-Dumas analysis is a solid, it is weighed by 
means of the microweighing tube (Fig. 18-12) and 
then placed into a mixing tube (Fig. 18-33), which Permanent ^ 
is fitted with either a good cork stopper or a Filling 
ground-glass cap. The microcombustion tube is 
held in die vertical position after the “temporary 
filling” (the portion beyond the “permanent 
filling”) has been removed, and the funnel is in- 
serted. A 50-mm. section of copper oxide wires 
is introduced, followed by 10 mm. of fine copper 
oxide. Now the sample in the mixing tube is cov- 
ered by a 10-rnrn. layer of fine copper oxide. The 
stopper is replaced and the contents in the tube 
are shaken to mix the sample with fine copper 
oxide. The mixing tube is tapped gently to bring 
down the powder which might have stuck to the 
stopper. The stopper is now removed and the 
contents of the mixing tube are poured through 
the funnel into the microcombustion tube. Two 
small portions of fine copper oxide are added to the mixing tube, which is 
shaken, and its contents then poured into the microcombustion tube Then a 
50-mm. section of copper oxide wires is put on top of the fine copper oxide and 
tie microcombustion tube is replaced on the combustion stand. 

If the sample is an oil, it is weighed in a microboat (Fig. 18-10). The direction 

19 Available from Fisher Scientific Co., New York, N Y 

20 Roth, H Quantitative Organic Microanalysis of’ Fritz PreM Dow k n 

Blakiston, Philadelphia, 1937. § ' Uow ' E - trans., 
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for introducing the microboat and its contents into the combustion tube is given 
in the next paragraph. 

Note.— Some micro-analysts also use the microboat to hold solid sample for micio- 
Dumas determination. The mixing tube technique, however, provides intimate contact 
of the organic Substance tuth copper oxide. It gives better tesults except for compounds 
which are decomposed on shaking with copper oxide, liberating nitrogen. 

A volatile liquid is weighed in the weighing capillary (Fig. 18-15). After the oil 
or liquid sample has been weighed out, the microcombustion tube is removed from 
the stand. The temporary filling is emptied out, a 50-mm, section of copper oxide 
wire is introduced, followed by 20 mm. of fine copper oxide, and the microcom- 
bustion tube is replaced on the stand. When the microboat 
is used, the boat containing die sample is placed at the neck 
of the microcombustion tube and is carefully pushed towards 
the fine copper oxide. When the capillary is employed, a 
roll of copper oxide gauze with a 2-mm. bore is placed at the 
neck of the microcombustion tube. The tip of the capillary is 
cut and the capillary is inserted into the copper oxide gauze 
roll. The combustion tube is then held at a vertical position 
and fine copper oxide is intioduced until the microboat (or 
copper oxide gauze with the weighing capillary) is covered with 
it. Then a 50-mm. section of copper oxide wire is added, and 
the combustion tube is replaced on the stand. 

The neck of die microcombustion tube, which is packed with 
the sample, is then cleaned with a wad of cotton. The rubber 
stopper (without the Z-shaped connecting tube, U) is lubricated with a trace of 
glycerol and inserted into the combustion tube. 1*11611 the paraffin-impregnated 
rubber connection is sparingly lubricated and the tips of the combustion tube 
and stopcock, D, are joined glass-to-glass. Finally the Z-shaped connecting tube, 
B, is inserted through the hole of the rubber stopper until the tapered end of 
the connecting tube, B, protrudes about 2 mm. beyond the rubber stopper. 

With the leveling bulb, F, placed in the lower ring, and the stopcocks of the 
miao azotometer opened, a rapid current of carbon dioxide is passed through 
the microcombustion train to displace all die air in the system. After 3 min., the 
stopcock, D, of the azotometer is closed and then turned carefully to allow gas 
bubbles to enter the azotometer slowly. If the bubbles disappear on reaching die 
top of the azotometei, the system is completely free of air. Now the carbon dioxide 
source is turned off, and die stopcock, D, is dosed. The stopcock on top of the 
azotometer is opened while the leveling bulb, F, is raised to bring some potassium 
hydioxide solution into the cup above the azotometer, and dien closed. The level- 
ing bulb, F, is placed in die lower ring. The stopcock, D, with a long handle is 
slowly opened, whereupon bubbles enter the azotometer but should be completely 
absorbed. 

The short furnace is placed near the neck of the microcombustion tube in a 
position about 20 mm. from the sample. While die "permanent filling” is heated 
at 700° to 800°C. by the long furnace, the temperature of die short furnace is 
gradually raised to 700'C. Expansion of the gas volume in the combustion tube 
on heating will cause bubbles to enter die azotometer. The short furnace is now 
slowly advanced towards the sample. As the sample vaporizes and is oxidized, a 


n 
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slow but steady stream of gas bubbles will enter the azotometer. This process should 
be continued until the short burner meets tire long burner. Then the stopcock, L), 
is closed and, after the source of carbon dioxide has been turned on, very carefully 
reopened so that bubbles enter the azotometer at the rate of 2 bubbles per sec. 
Nitrogen produced from the sample is carried into the azotometer and rises to the 
top. °The short burner is now moved back to near the neck and advanced once 
more towards the long furnace in the course of 5 min. Then both furnaces are 
turned off. 

When all bubbles entering the azotometer are completely absorbed, the nitrogen 
in the combustion train is all driven into the azotometer. The stopcock, D, is 
closed and the leveling bulb, F, is placed in such a position that the meniscus of 
liquid in the bulb is at’ the same level as diat in the azotometer. After 5 min., the 
volume of nitrogen is read with the aid of the magnifier, and the barometer and 
thermometer readings are noted. If a little liquid adheres to the tip of the azo- 
tometer below the stopcock, it can be pushed into the cup by holding the leveling 
bulb, F, above the cup and carefully opening the stopcock. If a foam is formed on 
the surface of tire potassium hydroxide solution, it can be removed by guiding the 
iron nail on the mercury upward with a magnet and moving the nail up and down 
the foam. The volume of nitrogen is read again after such adjustments. 

The microcombustion tube should be kept in the train until it has cooled down 
to room temperature. If another determination is not to follow, it is not advisable 
to empty the temporary filling, as this will introduce air into the system. On the 
other hand, the level of potassium hydroxide solution should be brought down 
below the graduated portion of the azotometer, and the stopcock below the cup 
should be protected from danger of being frozen. 

Calculation of the Result.— The volume of nitrogen measured in the micro- 
azotometer requires a correction factor for several reasons: (1) the azotometer is 
calibrated against mercury and not concentrated potassium hydroxide solution; (2) 
there is a film of alkali on the narrow walls of the azotometer; (3) the alkali solu- 
tion exerts significant vapor pressure. Pregl proposed to deduct 2% of the meas- 
ured volume, while Niederl and Niederl 21 recommended a 1% deduction plus a 
blank correction. A more accurate method is to calibrate the micro-azotometer 
against a known nitrogen compound of the highest purity, such as the microchemi- 
cal standards supplied by the Bureau of Standards. 

The weight of nitrogen obtained from the sample can be calculated from the 
corrected volume, temperature, pressure, and the atomic weight of nitrogen. Niederl 
and Niederl 21 have prepared a nitrogen reduction table that gives the logarithm 
of the weight of 1 ml. of nitrogen at a given temperature and pressure. 


MICRODETERMINATION OF NITROGEN BY 
THE KJELDAHL PRINCIPLE 

Principle.— When a compound containing aminoid nitrogen is heated with con- 
centrated sulfuric acid, the organic molecule is decomposed and nitrogen is con- 
verted to ammonium sulfate. The reaction is catalyzed by the presence of certain 
metals, e.g., selenium, copper, mercury, etc., and facilitated by raising the reflux 
temperature through the addition of potassium sulfate. Some non-aminoid com- 


Niederl, J. B., and Niederl, V., Micromethods of Quantitative 
Wiley and Sons, Inc., New York, 1938. ^ 
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pounds such as nitro and nitroso compounds can be analyzed by die micro- Kjeldahl 
method after being subjected to reduction with zinc and hydrochloric acid prior 
to sulfuric acid digestion. 22 

After the quantitative conversion of organic nitiogcn to ammonium sulfate, the 
reaction mixture is transferred to a distilling apparatus where sodium hydroxide 
is added to liberate amomnia. The latter is conveniently absorbed in boric acid 
solution and determined by titration with standardized 0.01 N acid solution. 23 

Apparatus.-- Micro-Kjeldahl digestion flasks, stands, and distilling assemblies are 
available commercially in various forms. The apparatus described below are simple 
and can be easily constructed. 

Digestion Flasks.— 'I hese can be made from ordinary I50-mm. (G-iu.) borosilicate 
test tubes with the bottom blown out to form a bulb of about 25-mm. diameter 
and 6-ml. capacity. A larger bulb is required when the pre-reduction step is in- 
corporated. 

Digestion Stand.— A digestion stand for G flasks is made from a Tran site board, 
10 by 35 cm., with 6 holes of 22-mm. diameter drilled in it. The board is set on a 
metal frame with four legs 10 cm. high. A heavy copper wire supports the necks 
ol the digestion flasks. The burner is made from a Bunsen buiner with its tube 
replaced by copper tubing 35 cm. long. Six holes, about 1 mm. in diameter, are 
drilled along the copper tubing. 2.5 cm. below the holes of the Transit e board. 
The first hole should be about 6 cm. away from the air screw of the burner. If 
the digestion is not carried out in the hood, a fume duct, 24 which is connected to 
the water tap through a glass aspirator, is added to the stand. 

Distillation Apparatus.— As shown in Fig. 18-3-1, this is made of borosilicate 
glass, and is built in 2 compact units joined glass-to-glass by means of a short 
rubber tubing, D. The whole apparatus is conveniently clamped onto an iron 
stand and occupies a desk space of 30 by 40 cm. The steam generator, A, is made 
from a 1 -liter round-bottomed flask to which a side arm is attached for refilling. 
When it is two-thirds filled with distilled water, before distillation is begun, enough 
steam will be generated for 8 to 12 determinations. 

Procedure. Digestion for Amino Compounds.— A 2- to 5-mg. sample, containing 
0.2 to 1 mg. of nitrogen, is accurately weighed and transferred into the bottom of 
the digestion flask. A long-handled weighing tube (Fig. 18-12) is used for weighing 
solid samples; a porcelain microboat. (Coors, size 5 zeroes) is employed for weighing 
semi-solids and heavy oils, and is slid into the digestion flask. About 5 mg. of 
powdered selenium (mercuric oxide is used for pyridine type compounds) and 20 
mg. of copper sulfate-potassium sulfate mixture (1:1) arc added, followed by 1 ml. 
of concentrated sulfuric acid. When a large volume of die sample is taken, as in 
the case of biological fluids and dilute solutions, it is better to acidify the sample 
(alter introduction into the digestion flask) with a drop of sulfuric acid, and 
concentrate the volume to less than 1 ml, before adding the catalyst and 1 ml. of 
concentrated sulfuric acid. 

The digestion flask is placed on die digestion stand and die reaction mixture is 
boiled gently with a flame about 2 cm. high. The reaction is usually complete 
in 10 min. After cooling, 2 ml. of distilled water are added, and the solution is 
again cooled. 

22 Ma, T. S., Lang, R. E-, and McKinley, J. D., Jr., Mihrochim. Acta, 1957# 3G8. 

23 Ma, T. S , and Zuazaga, G., Ind. Eng. Chetn., Anal. Ed., 14, 280, 1942. 

24 Niederl, J. B., and Niederl, V., Micromethods of Quantitative Organic Analysis, John 
Wiley and Sons, Inc., New York, 51, 1938. 
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When the evolution ot gases slows down, more hydrochlonc 



acid is introduced. Toward the end, the flask is heated over a small flame to keep 
the evolution of hydrogen proceeding smoothly. Two drops of concentrated sul- 
furic acid are then added, and the reaction mixture is gently boiled to remote 
the volatile solvents (but not to dryness). Upon cooling, 1.5 ml. of concentrated 
sulfuric acid are added and the flask is again heated until the solution darkens. 
The reaction mixture is then cooled, 700 mg. of potassium sulfate and 25 mg. of 
selenium powder are added, followed by 0.5 ml. of concentrated sulfuric acid. 
The reaction mixture is now digested by boiling gently for 1 hr. The contents 
of the digestion flask are then allowed to cool. Before the reaction mixture com- 
pletely solidifies, 3 ml. of distilled water are carefully introduced alon^ the wall 
of the flask. ° 

Distillation and Titration.-The distilled water in the steam generator, A, is 
boiled with a flame from the Bunsen burner about 10 cm. high, the ground «lass 
plug of funnel, E, being placed in position and pinch clamp, D. closed. The "rate 
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of distillation should be about 5 ml. per min. Then the burner is removed front 
under the steam generator. A, whereupon the condensate in the distilling flash, G, 
is sucked back into the steam trap, C. The funnel, E, is filled with distilled water 
and the stopper is momentarily lifted up to drain the water into the distilling 
flask, G. The burner is now replaced under the steam generator for about 20 sec, 
and again removed. Meanwhile 5 ml. of 2% boric acid solution and 0.05 ml. of 
methyl red-bromocresol green mixed indicator (1:5) are delivered into a 50-mi, 
borosilicate Erlenmeyer flask. 

When the distilling flask, G, has been emptied, the Bunsen burner is replaced 
under the steam generator. A, and the pinch clamp, D, is opened to remove liquid 
from the steam trap, C. The pinch clamp is left on the glass tubing, through which 
the steam escapes. The Erlenmeyer flask containing boric acid is then placed under 
the condenser and supported in an oblique position so that the tip of the condenser 
is completely immersed in the liquid. 

A trace of vaseline is smeared on the lip of the digestion flask to prevent the 
contents of the flask from dripping down outside. The ground-glass plug of the 
funnel, E, is removed, and the contents of the digestion flask is poured into the 
distilling flask, G. The digestion flask is quickly rinsed twice with 2-nil. portions 
of distilled water, and the rinsings are poured into the distilling flask. Then a 
suitable volume (8 ml. for amino compounds; 15 ml. for nitro compounds) of 30% 
sodium hydroxide solution (a little sodium thiosulfate should be added when 
mercury is used as catalyst) is added into the distilling flask, G, through the funnel, 
E, and the ground-glass plug is replaced. The pinch clamp, D, is replaced on the 
rybber tubing, whereupon steam enters the distilling flask, G, and stirs up its 
contents. Ammonia is liberated and escapes with steam through the condenser 
into the boric acid solution. 

, The boric add solution dianges from bluish purple to bluish green as soon as 
it comes into contact with ammonia. One min. after the boric acid has changed 
color, the Erlenme)er flask is lowered so that die condenser tip is 10 mm. above 
the liquid. While the end of the condenser is washed with a little distilled water, 
the distillation is continued for another min. The burner is removed and die 
ammonia m the Erlenmeyer flask is titrated with standardized 0.01 N hydrochloric 
acid or potassium biniodate until the blue color disappears. (If preferred, the 
titration may be continued until a faint pink tinge appears; 0.02 ml. are then 
subtracted from the buret reading. There is no danger in missing the end point, 
because after the pink color appears, the intensity of pink color increases tre- 
mendously with a trace more of the 0.01 N acid.) 

MICRODETERMINATION OF OXYGEN 

Principle.— Unterzaucher 25 proposed a method for the microdetermination of 
oxygen which involves pyrolysis of the organic substance over a large excess of 
carbon in a stream of nitrogen. The combustion furnace is heated at 1 120° =fc 10°C. 
because both carbon dioxide and water react with carbon quantitatively to form 
carbon monoxide at this temperature range. (It has been confirmed, 28 however, 
that the furnace temperature can be reduced to 850° C. when platinized carbon is 
used.) The carbon monoxide, after leaving the combustion furnace, is oxidized 
to carbon dioxide by iodine pentoxide at 110°C., whereupon an equivalent amount 

25 Unterzaucher, J., Berichte, 7311, 391, 1940. 

26 P ansa re, V. S., and Mulay, V. N., Mikrochim. Acta, 1961, 606. 
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o£ iodine is liberated. The latter is determined by titration with 0.01 N sodium 

thl 2/i/!arnt«s.-The commercial assembly, which is based on the design of Aluise 
and co-workers, 27 is shown in Fig. 18-35. The schematic diagram as given by 
Steyermark is shown in Fig. 18-36,2* the apparatus being arranged for left hand 

° P Procedure. 2 ' < 28 -The sample, containing about 1 mg. of oxygen, is weighed in a 
platinum boat or glass capillary as in carbon and hydrogen determinations (p. 372). 
A current of pure nitrogen is conducted through the system at the rate of 10 ml. 
per min. The 3-way stopcocks, H and H', at the ends of the combustion tube, G, 
are turned so that nitrogen is passed in the reverse direction through G, and out 
through the stopcock of die cap, F. The cap, F, is removed and the sample is 



Fig. 1S-35. Assembly for Microdetenni nation of Oxygen. (Courtesy A. H. Thomas Co.) 


introduced and pushed to within about 8 cm. of the long furnace kept at 1120°C. 
The cap, F, is immediately replaced, its stopcock being left open. The reverse flow 
of nitrogen through the combustion tube, G, and out through the cap, F, is con- 
tinued for 20 min. in order to expel all of the air that entered the system during 
the insertion of die sample. 

The inner walls of absorption tube, K, are moistened with 20% sodium hydroxide 
solution by sucking up the alkali through the tip and draining. The absorption 
tube is dien joined to the oxidation tube (filled with iodine pentoxide) and the 
Mariotte bottle as shown in Fig. 18-36. The stopcock of the cap, F, is now closed 
and the 3-way stopcocks, H and H ' , are turned to let nitrogen enter the combustion 
tube, G, through its side arm, and pass into the oxidation tube. 

The short movable furnace is heated to about 1 120°C. and gradually brought up 
towards the sample until it touches the long furnace in about 30 min. The short 
furnace is moved back and a strong burner is played on the section of the com- 
bustion tube which was between die two furnaces. This insures complete pyrolvsis 
of any material which may have condensed in the cooler portion of the tube. The 
short furnace is allowed to cool, after which the stream of nitrogen is continued 
until 700 ml. of gases pass through the system during the course of the determina- 
tion. The stopcock of the Mariotte bottle is closed. The absorption tube, K, is 
disconnected and its contents are carefully rinsed with 125 ml. of distilled* water 
into a 250-ml. iodine flask containing 10 drops of bromine and 10 ml. of 10°/ 
potassium acetate in glacial acetic acid. The stopper of the iodine flask is replaced 
and the contents are mixed. Then 10 ml. of 20% sodium acetate solution is added 


Almsc, V. A., Hall, 11. R„ Staats, F. C„ and Becker, W. W., Anal. Chem., 19, 347, 1947 
Vol SeTTsO Quantitative Organic Microanalysis, 2nd Ed., Academic Press! Nbw 
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The excess of bromine is destroyed by introducing, drop by drop, 90% formic acid 
until the yellow color just disappears. The solution is allowed to stand for j min., 
after which 300 mg. of potassium iodide and 5 ml. of 10% sulfuric acid are added. 
The contents of the iodine flask are mixed by swirling and then titrated immedi- 
ately with standardized 0.01 N sodium thiosulfate. The starch indicator is added 
when the iodine color has faded to pale yellow. Titration is continued until the 
disappearance of blue color. 

A blank determination must be made using an identical procedure except for 
inserting an empty platinum boat (or capillary and platinum foil). The volume 
of diiosulfate solution consumed by this blank is subtracted from the volume 
required by the sample. 


MICRODETERMINATION OF CHLORINE, BROMINE, OR 
IODINE BY THE CLOSED FLASK METHOD 

Principle .— A simple method for decomposing an organic substance to yield inor- 
ganic compounds and ions is to ignite the sample in an atomosphere of oxygen in 
a closed glass vessel. This method is particularly suited for micro-analysis since 
only a relatively small reaction vessel need be used and the danger of explosion 
is reduced. Thus a 10-1. bottle was employed by Hempel 29 for macro determina- 
tions and a 1-liter flask was recommended by Mikl and Pech 30 for semi-micro- 
analysis. Combustion operations carried out under such conditions tend to be 
incomplete and dangerous. On the other hand, when this technique was adapted 
to the micro scale by Schoniger 31 in 1955, it was found that the use of a 300-ml. 
flask always yielded satisfactory results. The simplicity of the method gained popu- 
larity for it in a very short time. This netv method has been variably called the 
“oxygen flask method,” “Schoniger method,” and “closed flask combustion method.” 
The last is favored by this writer because it is more indicative of the procedure. 

Numerous publications have appeared on the discussion of the closed flask com- 
bustion method for micro-analysis. It has been utilized for the determination of 
halogens, sulfur, phosphorus, boron, carbon, and the metallic elements present 
in organic materials. A comprehensive review presented by Zarembo and Cohen 32 
listed 122 references that cover the combustion and subsequent determinations; 
another review published by Macdonald 33 cited 62 references. 

When the closed flask combustion method is utilized to determine chlorine, bro- 
mine, or iodine in an organic sample, the respective halogens are converted to 
the corresponding halides, which are then absorbed in a solution containing sodium 
hydroxide and hydrogen peroxide. The best method for tire subsequent micro- 
determination of chloride or bromide is by means of potentiometric titration using 
a silver calomel or a silver-glass electrode system. Iodine is preferably determined 
by oxidation to iodate, followed by the liberation of iodine, which is titrated with 
standardized sodium thiosulfate. 

Apparatus .- Several types of microcombustion flasks are commercially available 
Figure 18-3 7 (a) shows an example, consisting of a 300-ml. flask with a well and 


29 Hempel, W„ Z. Angew, Chem., 5, 393, 1892. 

30 Mikl, O., and Pech, J., Chem. Listy, 46, 382, 1952. 

31 Schoniger, W„ Mikrochim. Acta, 1955, 123. 

E ' , . aUd C ,°, hen ’ , U The Closed FIask Combustion, multi-raphed distrib 
uted at the Metropolitan Microchenucal Society, Jan. 1961 New York w°v" ’ dlstub ' 

33 Macdonald, A. M. G„ Analyst. 86, 3, 1961. J ' ° rk ’ N ' V 
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a ground-glass stopper sealed to a platinum wire basket. (Figure 18-38 shows two 
other types of flasks and an infrared safety igniter.) 34 

A simple closed flask combustion assembly may be easily constructed from a 
250-ml. Erlenmeycr flask and glass stopper. A heavy (20 gauge) platinum wire is 
sealed to the roll of platinum foil (as shown in Fig. 18-37(b)) or rolled up to form 
a spiral. During combustion, the flask is placed inside an ice water bath to absorb 
the heat which is generated momentarily. 

Procedure. Preparation of the Sample.— A piece of cigarette paper is cut to 18 
mm. square, with a tongue 20 mm. long (as shown in Fig. I8-37(c)). For solid 


4 

SAMPLE 
WRAPPED IN 
PAPER HOLDER 
(a) (b) (c) 

Ftc. 18-37. Oxygen Combustion Flasks and Combustion Paper. (Courtesy A. H. ThornaS 
Co.) 

samples, the paper is placed on a watch glass and accurately weighed. The sample 
is added to die center of tire paper and reweighed. Then the paper is carefully 
folded and inserted into the platinum basket of the combustion flask. Organic 
liquids are weighed in short thin-walled capillaries (Fig. 18-14). The tip of the 
capillary is broken off, and the capillary and tip are folded inside the paper strip, 
which is inserted into the platinum basket horizon tally. 

Preparation of the Oxygen Flask.— Ten ml. of distilled water, 5 ml. of 0.5 A r 
sodium hydroxide, and 10 drops of 30% hydrogen peroxide are added to the com - 
bustion flask. The flask is then flushed with a rapid current of oxygen for about 
3 mm. to displace all die air. 

Combustion and Absorption.— The neck of the combustion flask is wetted with 
distilled water. With his left hand holding the flask and his right hand holding 
the stopper carrying the platinum basket and paper roll, the analyst ignites the 
tongue of the paper over a small flame, and immediately inserts the stopper into 
die flask. Combustion of the organic sample takes place instantly. The stopper 
should be seated tightly while the flask is immersed into the ice water bath to 
prevent pressure build-up. After the combustion, the contents of the flask ar C 
shaken to bring all die halogens into the alkali solution. 

34 The flask is clamped and placed on an inclined platform. After the sample has been 
aligned with the beam of the infrared lamp, push button firing is done from outside the 
cabinet. 
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Potentiometric Determination of Chloride and/or Bromide.— The stopper of the 
combustion flask is lifted and the platinum basket is rinsed with water. The 
contents of the flask are now quantitatively transferred into a beaker. The glass- 
silver electrodes are inserted. Concentrated nitric acid is introduced dropwise, 




with standardized* 0.0°2 A^sUver IkT' ReidiT 1 ’ alide Sf,lull0:i "o'* titrated 

recorded and the end point is a " d P H ™ 

breaks. These m a y 
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Titrimetric Determination of Iodine.— After removing the stopper and rinsing 
the platinum basket, 10 ml. of bromine-acetic acid mixture (prepared by adding 
4 ml. of bromine and 100 g. of potassium acetate to 100 ml. of glacial acetic add) 
are introduced into the combustion flask. Five ml. of I M sulfuric acid and a few 
crystals of potassium iodide are then added. The flask is again stoppered and 
the contents are mixed by swirling. After standing for 5 min., the iodine liberated 
is titrated with 0.02 N sodium thiosulfate solution. Starch indicator is added 
when the yellow color nearly disappears. 

MICRODETERMINATION OF FLUORINE BY ALKALI FUSION 
IN METAL BOMB 

Principle.— Organic substances containing fluorine, especially perlluoro com- 
pounds, are resistant to the reagents and treatment ordinarily employed for quanti- 
tative organic micro-analysis; 35 therefore a vigorous reductive method is generally 
recommended. The sample is heated with metallic sodium or potassium, where- 
upon the organic fluorine is converted to alkali fluoride. Fluoride ions are then 
separated from live reaction mixture by steam distillation of fluosilicic acid in a 
perchloric add solution and determined by means of thorium nitrate. 

Apparatus. Metal Bomb.— The Parr microbomb of 2.5-ml. capacity 36 is suitable. 
The gasket should be made of copper by cutting from a sheet of copper 0.5 mm. 
thick. 

Distilling Apparatus.— The distilling apparatus 3 * is shown in Fig. 18-39. The 
lower section is the steam generator made from a Miter flat-bottomed borosilicate 
glass flask. It is provided with a safety tube and a side arm that serves as the outlet 
and is dosed by a screw clamp. The upper section comprises the distilling flask 
and condenser. As indicated by the arrows, steam, S, travels along the ground- 
glass joint, ], passes through two concentric tubes, IT and ET, and reaches the 
distilling flask, D, through the two openings. The vapors enter the condenser, C, 
which consists of 3 concentric tubes. In IT., and ET 2 , the vapors are condensed, 
and in ET 2 the cooling water circulates. The ground-glass joint, ] 2 , serves as die 
opening for the introduction of the alkali fluoride solution, as well as the seat of 
a thermometer during distillation, with the mercury bulb immersed in the liquid, L. 

Since steam distillation from a perchloric acid solution requires a temperature 
of 135 D C., an additional heating system is provided by die electric heating jacket, 
H, wound by Nichrome wire, W, and covered with insulating cement. 

A set of 3 distilling units may be conveniently joined together, as shown in Fig. 
18-40. Each apparatus is placed on an electric hot plate, which heats die steam 
generator. Each heating jacket is connected to a variable resistance mounted in 
a wooden box covered with an asbestos-cement plate. Three metal rods are fixed 
at the rear of the box; rings, R (see Fig. 18-39 (b)) holding the heating jackets are 
attached to these rods. 

Equipment for Visual Titration.— A set of 100-ml. Nessler tubes, with poly- 
ethylene caps. 

Procedure. Preparation of the Potassium Capillary.— In the device for die prep 
aration of a glass capillary containing potassium (Fig. 18-41), potassium pellets are 
kept under kerosene in a test tube and melted on. die heating stage. The glass 

35 Ma, T. S., Microchem. J., 2, 91, 1958. 

38 Available from Parr Instrument Co., Moline, 111. 

3r Ma, T. S., and Gwirtsman, J., Anal. Chem., 29, 1 40, 1957. 
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capillary, of about 2-nmi. diameter, is immersed in the molten metal, which is 
drawn up by the application of slight suction. The potassium in the capillary 
solidifies readily upon cooling. The weight of potassium metal in the capillary 
can be found by weighing the capillary befoie and after filling. 




Fig. 18-39. Distilling Apparatus: (a) Complete Unit; (b) Details of Upper Part (Uddw 
part reprinted from Analytical Chemistry, 29, 1 11, 1957. Copyright 1957 by the Anienc-m 
Chemical Society; reprinted by permission ol' the copyright owner.) 


of poSinu Sa ’" PleS C ° ,Uai,,inR IO ' V pclCe,Ua « es of nuo,ille ' «”Hmn may be used in place 

Preparation of the Sample.-A 1- to 5-mg. sample (containing 0.1 to 0 5 m» of 
Huonne) is accurately weighed out and transferred to the Parr microbomb Solids 
are weighed by means of a microwetghmg tube (Fig. 18-12). Viscous liquids are 
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weighed in micro glass cups made by sealing one end oE a 4-mm. glass tube. 
Volatile liquids are weighed in capillaries similar to that shown in Fig. 18-14 but 
without the air chamber. The capillary should have about a 2-mm. bore and a 
15-mm. length, with a tip of the same length and 1-mm. bore. The liquid sample 



Fig. 18-40. Assembly for Microdctcrmmatiou of Fluorine. (Rcpiintcd with pcimission 
from Miciochenucal Journal, 2, 99. 1958, John Wiley ami Sons, Inc) 


is introduced to the previously weighed capillary by means of a $) tinge, and then 
the capillary is sealed before the final weighing. The tip oi the capillaiy is broken 
off with an ampoule cutter, and both the tip and the capillaiy are plated in the 
microbomb. The sealed capillary may be chilled in dry ice until ready for analysis. 

Alkali Fusion.— After placing the sample inside the microbomb, a section of the 
potassium capillary containing about 50 mg. of the alkali metal is introduced. The 
microbomb is closed tightly, the copper gasket providing a resistant seal. Then 
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the microbomb is ignited over a Bunsen burner for 10 min. Upon cooling, the 
microbomb is opened and allowed to stand in the air lor 5 min. The underside 
of the lid is now washed with fluorine-l'ree water into a l()0-ml. beaker. A trace 
of unreacted alkali metal in the microbomb is cautiously destroyed by adding 1 to 
2 chops of water. More water is then introduced 
to dissolve the fusion mixture and the solution is 
transferred into the 100-ml. beaker. Any adhering 
material is removed by means of a glass rod, and 
the microbomb is washed thoroughly with a jet 
of water. 

Steam Distillation from Perchloric Acid Solu- 
tion— The contents of the 100-ml. beaker are trans- 
ferred quantitatively into the distilling apparatus, 
through a funnel with ground-glass joint fitted to 
opening J 2 of Fig. 18-39. The beaker is then 
rinsed with 20 ml. of 70% perchloric acid, which 
is also transferred to die still. One milliliter of 
silver perchlorate solution and 10 glass beads are 
then added. The thermometer is placed in posi- 
tion and die distillation is ready to start. The 
hot plate switch is turned on, and the opening of 
the outlet tube of the steam generator is so regu- 
lated by the screw clamp that pressure correspond- 
ing to about 25 mm. of water column in the safety 
tube is maintained inside the flask. When the 
temperature of the fluoride solution (Fig. 18-39, L), 
reaches 130°C„ the screw clamp is closed and the 
steam distillation commences. At this moment the 
variable resistance is adjusted so that the tempera- 
ture of liquid, L, is kept at 135° ± 2°C. The dis- 
tillate is received in a polystyrene container, and 
250 ml. of liquid are collected in about 45 min. 

Then the variable resistance is turned off. When a drop in temperature is 
indicated in the thermometer, the outlet tube of die steam generator is opened 
and the hot plate is switched off. 

Determination of Fluoride.— A suitable aliquot of the distillate (not more than 
75 ml.) is adjusted in a polyethylene beaker to pFI 3.0 ± 0.05, by means of the pH 
meter and a few drops of dilute hydrochloric acid or sodium hydroxide solution. 
The solution is then transferred quantitatively into the Nessler tube. Two ml. of 
0.01% sodium alizarinsulfonate indicator solution are added, and the volume is 
made up to 100 ml. A blank is prepared in another Nessler tube containing fluo- 
rine-free water, adjusted to die same pH, and 2 ml. of the indicator. Both solutions 
are of die same green color. A measured volume of the standard thorium nitrate 
solution (prepared by dissolving 200.00 mg. of diorium nitrate tetrahydrate in water 
and diluting to 1 liter) is added from a microburet to the Nessler tube containing 
the sample until a pronounced pink color is obtained. Exactly the same volume 
of standard thorium nitrate solution is added to the blank. Since the latter con 
tains no fluoride, the color is much darker. Now the blank is back-titrated with 
tiie standard sodium fluoride solution (containing 100 M g. of fluorine per milliliter'! 
until the color matches die sample tube under the fluorescent lamp The standard 



Fig. 18-11. Preparation of the 
Potassium Capillary. (Reprinted 
with permission from Micro- 
chemical Journal, 2, 97, 1958, 
John Wiley and Sons, Inc.) 
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sodium fluoride solution is added in small increments and the contents are mixed 
by inverting the capped Nessler tube. The amount of fluoride used for the bleach' 
ing of the lake in the blank tube corresponds to the concentration of fluoride in 
the unknown sample. 

MICRODETERMINATION OF SULFUR BY THE CLOSED 
FLASK COMBUSTION METHOD 

Principle .— Microdetermination of sulfur by the closed flask combustion tech 
nique (see p. 389) is recommended for samples containing only carbon, hydrogen, 
oxygen, and sulfur. After the decomposition, sulfuric acid is obtained and deter- 
mined by titration with 0.01 N sodium hydroxide. 

Apparatus.— See “Micrndetermination of Chlorine, Bromine, or Iodine by the 
Closed Flask Method," above, p. 389. 

Procedure .— The steps for preparation of the sample, oxygen flask, combustion, 
and absorption are identical to those described in “Microdetermination of Chlorine, 
Bromine, or Iodine by die Closed Flask Method,” above, p. 390, except that 5 ml. 
of distilled water, instead of 0.5 M sodium h>droxide, and 10 drops of neutralized 
hydrogen peroxide are used as the absorbent. After die combustion, die stopper 
and the platinum basket are rinsed with distilled water. The contents of die flask 
aie gently boiled for 2 min. to remove the residual hydrogen peroxide. One drop 
of 0.1% methyl red indicator solution is added and the solution is titrated with 
standardized 0.01 N sodium hydroxide solution to the pink end point. 

MICRODETERMINATION OF SULFUR, CHLORINE, OR 
BROMINE, BY THE PREGL CATALYTIC OXIDATION METHOD 

Principle.— In the Pregl catalytic oxidation method for the determination of 
sulfur or halogen, the vapor of the organic substance is mixed with oxygen and 
slowly conducted through sections of platinum metal heated to 900°C. in a com- 
bustion tube. The resulting sulfur or halogen compounds are retained on a glass 
spiral wetted with appropriate absorbent. This method may be used for the 
analysis of low-boiling liquids and gases that are not amenable to the closed flask 
combustion technique. 

Apparatus .— The micro-combustion tube for the Pregl catalytic oxidation method 
(Fig. 18-42) is 730 mm. long, and has an inside diametei of 8 mm. One end con- 
tains a glass spiral formed around a central rod 230 mm. long. The spiral is held 


Fig. 18-42. Microcombustion Tube for Halogen and Sulfur Determination. (Courtesy 
A. H. Thomas Co.) 


in position in the combustion tube by an indentation in die side wall. A combus- 
tion tube in two sections (connected by ground glass joint placed near die inden- 
tation) is recommended for multiple determinations. 38 
The combustion furnaces used in the determination of carbon and hydrogen may 


as Beazley. C. W„ Ind. Eng. Chem., Anal. Ed., 11, 229, 1939. 
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be employed for heating the above combustion tube. It should be noted that the 
spiral section should protrude beyond the combustion furnace. 

The platinum, catalyst lor the Pregl catalytic oxidation method, available from 
the supply house, is known as “platinum contact star” (Fig. 18-43). Rolls of plati- 
num foil about 60 mm. long, which fit the com- 
bustion tube loosely also can serve the purpose. 

Procedure. Assembling the Apparatus.— Into a 
large test tube of 30-mm. diameter and 130-mm. p IG 18-43. platinum Contact 

length is added a convenient volume of the appro- Star. (Courtesy A. H. Thomas 

priate absorbent liquid for the determination of Co.) 

sulfur (about 10 ml. of 6% hydrogen peroxide solu- 
tion) and halogens (10 ml. of 20% sodium carbonate mixed with 0.5 ml. of satu- 
rated hydrazine sulfate solution) respectively. The constricted end of the micro- 
combustion tube is immersed in the absorbent liquid while the open end is pro- 
tected with a cotton-filled air filter. Gentle suction is applied by mouth to draw 
up the absorbent liquid until the entire glass spiral is covered. It is important 
to watch that no air is sucked into the combustion tube and that the liquid does 
not go beyond the glass spiral. Then the combustion tube is lifted up to drain tire 
absorbent liquid along the walls of the large test tube. The latter is emptied but 
need not be rinsed. 

The combustion tube is now placed on the combustion stand in such a way that 
die glass spiral protrudes outside the combustion furnace. The large test tube is 
inserted to cover the tip of the combustion tube and pan of the glass spiral. The 
cotton-filled air filter is removed and 2 platinum contact stars are pushed consecu- 
tively into tire combustion tube until they are inside the long furnace. The open 
end of the combustion tube is connected, by means of a rubber stopper carrying 
a fine-tapered glass tubing, through a bubble counter to a cylinder of oxygen. 

Combustion of the Sample.— The sample is weighed in a raicroboat or capillary 
as described in the determination of carbon and hydrogen (p. 372). The long fur- 
nace is switched on to maintain a temperature of 900°C., while oxygen passes 
through at the rate of I to 2 bubbles per sec. The rubber stopper is now removed 
to introduce the sample, which is pushed forward until it stands within 60 mm. of 
the long furnace. The rubber stopper is replaced and the combustion is started by 
placing the Bunsen burner (or short electric furnace) to the right of the sample 
and gradually advancing the burner towards the long furnace. The organic sample 
is slowly vaporized, and then enters the hot platinum contact stars where it is 
catalytically oxidized. The products formed are driven towards the wetted glass 
spiral. When sulfur is present in die sample, it usually occurs that a liquid drop, 
sulfuric acid’, collects between the indentation of the combustion tube and the 
long furnace. When the combustion is finished, both the long furnace and the 
Bunsen burner are turned off. 



Gravimetric Determination of Sulfate.-Gravimetric determination of organic 
sulfur is recommended when the sample contains halogen, nitrogen, or phosphorus 
After the catalytic oxidation and absorption, the sample container and platinum 
contact stars are withdrawn from the microcombustion tube. With the large test 
tube supporting the tip of the combustion tube, the latter is clamped vertically and 
c istil ed water is rapidly run into the combustion tube through the open end until 
the glass spiral is entirely covered. The washing is collected in the large test tube 
and die combustion tube is rinsed again. ° ’ 
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The contents of the test tube are quantitatively transferred to a black glazed 
crucible that has been previously weighed with the accompanying filter stick, the 
latter being now joined to the rubber connection of the siphon in the filtration 
apparatus, as shown in Fig. 18-44. One ml. of 10% barium chloride solution is 
added. The reaction mixture is evaporated at 100°C. on the metal block (or water 
bath) to nearly dryness in order to coagulate 



Tic. 18 44. Filtration by Porcelain 
Filter Stick (Reprinted’ with per- 
mission from Slcycrmaxk, A . Quan- 
titative Organic Microanalysis, 2nd 
Ed., Academic Press, New York, 1961.) 


the precipitate. Upon cooling, 5 ml. of water 
containing one drop of dilute hydrochloric 
acid are added, and the solution is filtered 
through the filler stick. The residue in the 
crucible is rinsed twice with distilled water, 
The crucible together with the accompanying 
filter stick is then dried at 125*0. on the 
metal block 30 and reweighed. The increase 
in weight gives the amount of barium sub 
fate. 

Gravimetric Determination of Chloride or 
Bromide.—Occasional analysis of chlorine or 
bromine in organic compounds can be carried 
out advantageously by using the gravimetric 
method, since it does not require a standard' 
ized silver nitrate solution and the poteiUto- 
metric microti tration assembly. After washing 
and rinsing the glass spiral of the combustion 
tube, as described in the preceding paragraphs, 
the halide solution is retained in the large test 
tube. Three drops of 30% hydrogen peroxide 
aic added and the test tube is placed in a 
boiling water bath Tor 5 min. The test 
tube is then placed in a beaker contain' 
ing cold water. Two ml. of concentrated 


nitric acid are added, followed by 2 ml. of 5% silver nitrate solution. Pre' 
cipitation of silver halide presents a cloudy appearance. A small beaker is in- 


verted over the test tube, the water bath is now heated to boiling. Then the test 
tube and its contents are allowed to cool in the water bath in the dark until the 


silver halide coagulates and settles at the bottom, leaving a clear supernatant 
liquid. Meanwhile a filter tube is prepared, weighed and connected to die filtra' 
tion assembly, as shown in Fig. 18-45. Then die siphon tube is immersed in the 
clear liquid in the large test tube until the lower end is about 10 mm. above the 
precipitate at the bottom of the test tube. A layer of 95% ethanol is carefully in' 
troduced into the large test tube without disturbing the silver halide. A slight 
suction is applied to draw the liquid through the filter tube. After the aqueous 
solution has been replaced by ethanol, and with the precipitate always covered by 
some liquid, the large test tube is raised in such a way that the silver halide precipi' 
tate is conducted into the siphon tube and transferred onto the filter paper above 
the sintered glass. The large test tube and siphon are rinsed with distilled water 
and 95% ethanol successively. Then die siphon tube is removed. The filter tube 
and its contents are dried at 105°C. for 10 min. on the drying device, 4 ® cooled to 
room temperature and reweighed. 

39 Ma, T. S., Kaimowitz, K., and Benedetti-Pichler, A. A., Mikrochim. Acta, 1954, 651- 

« Maurmeyer, R. K., and Ma. T. S., Mikrochim. Acta, 1957, 563. 
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MICRODETERMINATION OF PHOSPHORUS 

Principle .— When an organic compound containing phosphorus is oxidized, the 
phosphorus is converted to phosphorus pentoxide, which dissolves in water to 
yield phosphate ions. For samples containing microgram amounts of phosphorus, 
the resulting phosphate is best determined colorimetrically in the form of the blue 
phosphomolybdate complex. 11 This colored complex, however, is not stable and 
hence, carefully controlled conditions are required. On the other hand, the yellow- 
colored phosphovanadophosphate complex is stable and obeys the Beer’s law over 
a wide range of phosphorus concentration in the solution. Therefore, the latter is 
recommended for the microdetermination of phosphorus. 42 

Apparatus. Micro-Kjeldahl Digestion Flask.— See “Microdetermination of Ni- 
trogen by tire Kjeldahl Principle,” p. 383. 

Spectrophotometer.— Any type. 

Procedure. Oxidation in Open Flask.— From 3 to 10 mg. of the organic sub- 
stance, corresponding to 0.2 to 1.5 mg. of phosphorus, are weighed in a long-handled 
weighing tube (Fig. 18-12) or porcelain microboat, and transferred into the bottom 
of a 10-ml. micro-Kjeldahl digestion flask. After introducing 1.5 ml. of concen- 
trated sulfuric acid, 4 drops (0.2 ml.) of concentrated nitric acid are added. The 
flask is heated gently on the digestion rack until the reaction subsides. The con- 
tents of die flask are cooled slightly, 2 more drops of concentrated nitric acid are 
added, and die flask is again heated with a medium flame until the solution be- 
comes clear, and sulfur trioxide fumes are evolved. The reaction mixture is cooled; 
water is added to make up the volume to about 10 ml. The contents of the diges- 
tion flask are then quantitatively transferred, with several rinsing to a 100-ml 
volumetric flask. ° ’ 


41 Horecker, B. L., Ma, T. S., and Haas, E., J. Biol. Chem. 136 

42 Ma, T. S., and Mckinley, J. D„ Jr., Mikrochim. Acta, 1953, 4 
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, 1940. 
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Oxidation in Closed Flask.— The procedure described under the "Kjeldahl Prin- 
ciple,” p. 384, is followed, using 10 ml. of distilled water as the absorbing liquid. 
One ml. of dilute sulfuric acid may be added to the absorbent; however, the use of 
sodium hydroxide-bromine mixture as absorbent 43 appears to have adverse effects. 
Cohen and Czech 44 have found that absorption of phosphorus pentoxide is slow 
in sodium hydroxide solution; Gedansky and co-workers 45 have pointed out that 
the presence of bromine interferes with a colorimetric finish and must be de- 
stroyed. After the closed flask combustion, the contents of the flask are boiled for 
10 min. in order to convert all the phosphate to the ortho- form. The solution is 
then quantitatively transferred into a 100-ml. volumetric flask. 

Colorimetric Determination of Phosphate.— A standard curve for the yellow 
phosphovanadoinolybdaie complex is prepared as follows. Ten aliquot portions 
of the standard phosphate solution (prepared from pure potassium dihydrogen 
phosphate and containing 0.500 mg. of phosphorus per milliliter) are accurately 
measured from a microburet into separate 100-ml. volumetric flasks to cover the 
range from 0.10 to 2.00 mg. phosphorus. A blank is also prepared. The aliquots 
are diluted to 65 ml. and arc treated with 1,4 ml. of concentrated sulfuric acid. 
Then 10 ml. of ammonium vanadate solution (prepared by dissolving 2.35 g. of 
ammonium metavanadate and 100 ml. of 1:12 sulfuric acid in 500 ml. of boiling 
distilled water and diluting to 1 liter after cooling) is added slowly, with continuous 
swirling, into each flask. This is followed by 10 ml. of ammonium molybdate solu- 
tion (prepared by dissolving 122 g. of ammonium molybdate tetrahydrate in 880 ml. 
of distilled water). Then the llask is filled to the 100-ml. mark with distilled water. 
After standing for 30 min., the yellow color is compared with die blank, which con- 
tains all the reagents and no phosphorus, and the absorbance at 410 xn/t is measured. 
A straight line is obtained by plotting absorbance (A = - log T) against milligrams 
of the phosphorus in the solution, and from the slope and intercept of this line, 
an equation can be derived of the form 

W = aA -f 0 

that gives the weight, W, of phosphorus in terms of absorbance, A. 

The solution containing the phosphate produced from the sample is treated 
exactly as the standard phosphorus solution, and its absorbance is measured at 
410 m/x. The amount of phosphorus in the sample is obtained either from the 
standard curve or the above equation. Since the yellow phosphovanadoinolyb- 
date complex is stable for many days it is advisable to develop the color solutions 
of several samples and measure their respective absorbance when convenient. It 
has been found that, when new reagents are prepared, only the intercept p of the 
equation is changed. Therefore, it is not necessary to plot new standard curves 
from time to time. The new value of p may be obtained by analyzing a pure known 
phosphorus compound simultaneously with the unknown sample. 

MICRODETERMINATION OF ARSENIC 

Principle.— Organically bound arsenic is oxidized to arsenic acid by heating with 
nitric acid in dilute sulfuric acid solution. The resulting pentavalent arsenic is 
then determined iodometrically. 

43 belcher, R., and Macdonald, M., Talanta, 1, 185, 1958. 

44 Cohen, L. E., and Czech, I'. \y„ Chemist-Analyst, 47, 86, 1958. 

45 Gedansky, S. J., Bowen, J. E., and Milner, O. I., Anal. Chem., 32, 1447, 1960- 
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Apparatus. Micro-Kjeldahl Digestion Flask.-See “Microdetermination of Ni- 
trogen by the Kjeldahl Principle,” p. 384. 

Procedure.— The sample is accurately weighed in a long-handled weighing tube 
or a microboat, and transferred to the bottom of the micro-Kjeldalil digestion flask. 
One ml. of 30% sulfuric acid is added to cover the sample, and the digestion flask 
is trendy heated on the stand. A few drops of concentrated nitric acid are added 
to facilitate oxidation. If the contents of the digestion flask do not clarify in 10 
min., indicating incomplete destruction of the organic matter, the digestion flask 
is removed from the stand. After cooling slightly, a few drops of 30% hydrogen 
peroxide are added (Caution!) and the reaction mixture is again gently boiled. 
This operation may be repeated until the solution becomes colorless. Then the 
contents of the digestion flask are evaporated until sulfur trioxicle fumes are 
evolved. Upon cooling, 1 ml. of distilled water is added and the contents of the 
flask are quantitatively transferred to a 125-ml. iodine flask. Twelve ml. of concen- 
trated hydrochloric acid are added, followed by 1 ml. of freshly prepared 10% 
potassium iodide solution. The iodine flask is stoppered and its contents thor- 
ouglily mixed. After standing for 3 min., the iodine that is liberated is titrated 
with standardized 0.0 1 N sodium thiosulfate. The starch indicator is added when 
tire color of the solution becomes very faint, and titration is continued until the 
blue color disappears. A blank should be run for the reagents used and sub- 
tracted. 


MICRODETERMINATION OF METALLIC ELEMENTS 
IN ORGANIC COMPOUNDS 

Principle.— With a few exceptions (e.g., organo mercury, arsenic, and osmium 
compounds) an organic sample containing metallic elements leaves a residue in the 
nricroboat when it is analyzed for carbon and hydrogen, or for halogens and sulfur 
by the Pregl catalytic oxidation procedure. It is always advisable to weigh and 
investigate such residue after the combustion. Besides providing information as 
to the retention of carbon, sulfur, or halogens in the sample container (thus leading 
to erroneous results), the metallic element often may be determined directly in the 
microboat without utilizing a new sample. 

Metals that can be determined as residue (known as ash) after the destruction 
of the organic material are divided into 3 categories: (a) metals that are stable in 
the free state, e.g., platinum, gold, and silver; (b) metals that form stable oxides 
but not sulfates, e.g., copper, iron, and silicon; and (c) metals that form stable 
sulfates, e.g., sodium, potassium, calcium, and barium. The reagent employed 
for the determination depends on the ash desired, as described in die procedure 
below. 

Apparatus. For Ashing in Microboat.— A microcombustion tube (Fig. 18-46) may 
be used. 

For Ashing in Microcrucible.— A 1.5-ml. capacity platinum microcrucible, fitted 
with platinum lid is desirable, although porcelain ware also may serve the purpose. 

Procedure. When Microboat is Employed.— The organic substance is accurately 
weighed in a platinum microboat. If the sample is obtained after combustion 
(such as in carbon and hydrogen analysis), and diere has been no spattering of 
the contents of the microboat, the latter is removed from the microcombustion train 
and reweighed. In either case, the microboat containing the sample is placed on 
the metal block of the microdesiccator (Fig. 18-17). About 20 M l. (half a drop) of 
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the oxidizing agent are introduced by means of a fine capillary. Dilute nitric acid 
(1:1) is used for determination, of die metallic element as free metal or oxide; 20% 
sulfuric acid is employed for determination as sulfate. The acid should be added 
along the walls of the microboat and should just wet the sample. The microboat is 



then placed inside the microcombustion tube as shown in Fig. 18-48. The wide 
end of the combustion tube is connected to a demonstration bottle of oxygen, while 
the constricted end is joined, through a rubber lulling, to a bent tube with a 
capillary tip immersed m watei. A slow current of oxygen is passed through the 
combustion tube while the nucrolioat is gradually heated to prevent spattering of 
the sample. After the acid lumes have been driven off. the inicroboat is heated at 
high temperature. Upon cooling, the microboat is withdrawn and weighed with 
the ash. This process of adding acid, heating, and weighing is repeated until there 
is no change in weight of the contents of the microboat. The percentage of metal 
present in the original sample is then calculated 
from the weight of the ash and its chemical com- 
position. 

Some metals, such as nickel, do not form stable 
sulfates, and give oxides of indefinite compo- 
sition. A convenient way to determine such a 
metallic element is through the combination of 
oxidation with a subsequent reduction process. 
After the mixed oxides are obtained as described 
in the last paragraph, the bottle of oxygen is ex- 
changed with hydrogen. Hydrogen is passed 
through the combustion tube for a few minutes 
to displace all oxygen in the tube. Then a small flame is placed under the micro- 
boat, and the oxides are converted to the free metal, precautions should be taken 
to prevent the exhaust hydrogen from catching fire. 

When Microcrucible is Employed.— The platinum niiciocrucible is the equip- 
ment of choice for the determination of metals in organic materials because it is 
much deeper than the microboat and has a wider bottom. The sample is weighed 
into the bottom of the microcrucible, which has been previously weighed with its 
lid. The crucible is then seated on a large platinum crucible cover supported on a 
silica triangle. A microdrop of the oxidizing acid is added along the walls and 
the microcrucible lid is replaced. A very small flame is applied to the side of the 



lie 18-47. Determination of Metal 
in a Miciocrucible. 
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microcrucible (see Fig. 18-47). When no more acid fumes escape through the lid, 
the burner is shifted to a position under the large platinum crucible cover to heat 
the bottom of die microcrucible with a strong flame for two min. The crucible, 
lid, and ash are weighed upon cooling. This process is then repeated. If dupli- 
cate analsyis is desired, another sample may be weighed into the microcrucible 
without removing the ash. 

MICRODETERMINATION OF MERCURY 
Principle .— The microdetermination of mercury is based on its volatility. The 
organic material is decomposed by heat in a combustion tube and the vapors are 
conducted through a section of calcium oxide, maintained at 700°C. The mercury 
vapor is dien driven into a small tube packed with gold, retained as amalgam, and 
weighed. 

Apparatus .— The combustion assembly is shown in Fig. 18-18. The microcombus- 


To 

Mariolle 

Flask 


Glass Fiber Paper 



Fig. 18-48. Assembly for Microdetermination of Mercury. 


tion tube is packed with a column of granular calcium oxide about 120 mm. long, 
held between 2 pieces of glass fiber paper. 10 A 50-mm. long glass rod with flattened 
ends provides an empty space between the combustion furnace, which heats the 
section of calcium oxide only, and the constricted end of the combustion tube. 
The wide end of the combustion tube is connected to the air holder through a 
bubble counter— U-tube (Fig. 18-21 D). 

The absorption tube for mercury is 80 mm. long and 8 mm. in diameter. It is 
drawn out to a tip 3 mm. in diameter and 20 mm. long. A 40-mm. layer of 
shredded gold leaf is packed at the end. The tip of the absorption tube is con- 
nected to the Mariotte bottle (Fig. 18-21 K). 

Procedure .— The sample (5 to 10 mg.) is weighed in a porcelain or silica micro- 
boat and introduced into the combustion tube to within 50 mm. of the calcium 
oxide. With the section of calcium oxide maintained at 700°C., a slow' current of 
dry air is passed dirough the combustion tube while the leveling tube of the 
Mariotte bottle is low'ered to produce a suction effect on the absorption tube. In 
this way die vapors coming out of the combustion tube will be drawn through die 
gold-packed absorption tube, which was previously weighed. 

rhe Bunsen burner is now gradually moved forward until the vapors have clis- 
1 ecl 1IUo the cMcium oxide layer, where all sulfur and halogens are retained, and 
ie mercury passes into the cool, empty part of die combustion tube. 

Vnh a piece of clean, wet cloth placed over the absorption tube, a small flame 
>!> carefully applied to the constricted end of die combustion tube so that ail mer- 
*ry is driven into the absorption tube and converted into gold amalgam. After 
r? o0 mL more of air through the absorption tube, it is detached, u'iped 

n l J’ placed mside a desiccator containing silica gel with indicator for 30 
mm ., and reiveighed. 

Ma, t. S., and Benedetti-Pichler, A. A., Anal. Chem., 25, 999, 1953. 
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MICRODETERMINATION OF ORGANIC FUNCTIONAL GROUPS 

MICRODETERMINATION OF THE CARBOXYL GROUP 
BY AQUEOUS ACIDIMETRY 

Principle .— Tlie carboxyl group may be determined by titration with 0.01 N 
aqueous sodium hydroxide in the absence of carbon dioxide. 

R— COOH + NaOH -» R— COONa + H S Q 
Alcohol is used as solvent for the sample, and 
also to suppress the hydrolysis of the sodium car- 
boxylatc. 

Apparatus. Microburets.— The Pregl micro- 
buret with automatic zero arrangement (Fig. 18- 
49) lias a capacity of 10 ml., and is graduated in 
0.05 ml. (Microburets with 10-ml. capacities and 
0.02-ml. graduations are available from European 
supply houses.) The resen oir has Miter capac- 
ity. A set of 2 microburets can be conveniently 
placed on one stand. One microburet is for 
standard solution of 0.01 N hydrochloric or sul- 
furic acid or potassium biiiiodate; the other is 
for 0.0 1 N sodium hydroxide. The stopcock for 
delivery of sodium hydroxide should be made of 
Teflon; if this is not available, the stopcock 
should be replaced by a rubber connection carry- 
ing a glass bead or a pinch clamp (as shown in 
the figure). 

Procedure .— The sample, containing 0.05 to 0.1 
milli-equivalent of carboxyl group, is accurately 
weighed, by means of the weighing tube (Fig. 
18-12) or a microboat, into a 50-ml. Erlenmeyer 
flask. Five ml. of 50% ethanol, which was pre- 
viously neutralized, are added, followed by two 
drops (0.06 ml.) of 1% phenolphthalein indicator 
solution. The solution is brought to boiling over 
a small flame, and then titrated while warm with 
tiie standardized 0.01 N sodium hydroxide. The 
Tig. 18-49. Pregl Microburets contents of the flask are boiled again near the 
(Courtesy A. H. Thomas Co.) end point, and the titration is completed when 
a Camt pink color persists for 30 sec. In case the 
solution has been over- titrated, 1.00 ml. of the standardized 0.01 N hydrochloric 
acid is introduced and then back-titrated with the 0.01 N sodium hydroxide to the 
faint pink end point. 

MICRODETERMINATION OF THE HYDROXYL GROUP 
BY ACETYLATION 

Principle.— The hydroxyl group is usually determined by acetylation with a 
known excess amount of acetic anhydride in a sealed tube. 

R — OH 4- (CH 3 CO) s O -» CHr-COOR -f CH3COOH 
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Pvvidine used as the solvent, also serves to drive the reaction to completion by 
combining with the liberated acetic acid. After the esterification, the excess o 
acetic anhydride is hydrolyzed by adding water to the reaction mixture. The total 
amount o/acetic acid in the resulting solution is then determined by titration with 

standardized sodium hydroxide solution. 

Abbaratus. Reaction Tubes.-The reaction tubes are prepared as follows: a 
piece of 6-mm. soft glass tubing, about 140 mm. long, is heated at the centei unti 
the o-lass softens; it is then pulled apart rapidly; the drawn out section is cut oil 
at a point where the tubing has narrowed to about 2 mm. in diameter; this end is 
closed in the flame to form a round bottom; 2 reaction tubes, each about 60 mm. 
long, are constructed from a length of glass tubing. One tube is used to hold the 
sample, while the other tube serves as the blank. 



Fig. 18-50. The Capillary- 
and-Plunger Technique for 
Introducing Solid Sample. 
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Fig. 18-51. Sealed Reaction Tube for 
.Micro Acetylation. 


Procedure. Preparation of the Sample.— The reaction tube is placed in a stand 
or small beaker and weighed to ±0.01 mg. If the sample to be analyzed is a solid, 
it is introduced by the capillary-and-plunger technique as shown in Fm. 18-50. The 
capillary is pushed into the pulverized sample so that an amount containing about 
0.1 milli-equi valent of hydroxyl group is trapped inside. The outside walls of 
capillary are wiped with a small brush. Then the capillary, with the sample, is 
carefully lowered into the previously weighed reaction tube until the tip of the 
capillary is about 5 mm. from the bottom of the reaction tube The sample is 
pushed out by means of the plunger and the capillary, together with the 

plunger, is carefully withdrawn. The increase in weight of the reaction tube is 
recorded. 

If the sample is a liquid it is delivered into the previously weighed reaction tube 
by means of a syringe with a long needle. Care should be taken so that no liquid 
touches the upper walls of the reaction tube. n ° nc l UKl 
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Acetylation.— After the sample has been weighed into the reaction tube, a 
volume of the acetylating agent (prepared by mixing 10 ml. of reagent grade acetic 
anhydride with 30 ml. of reagent grade pyridine), estimated to be about 200 molc- 
per cent in excess, is introduced by means of a long capillary pipet. The increase in 
weight of the reaction tube is again noted. The reaction tube is then sealed to form 
a tapered tip about 20 mm. long (Fig. 18-51). A blank containing the same amount 
of acetylating agent is prepared m the second reaction tube, which is weighed and 
sealed. The 2 sealed tubes are inverted several times to mix the contents. They 
are now heated in a boiling water bath for 1 hr. and then cooled to room temper- 
ature. 

Titration.— The sealed reaction tube is opened in the following manner: with 
a glass cutter, a line is scratched on tire tube about 20 mm. from the tip; the tube 
is cracked by touching a hot glass bead on the scratch; the tip is dropped into a 
50 ml. Erlcnmeyer flask containing 5 ml. of distilled water; the contents of the re- 
action tube arc emptied into the same Erlenmeyer flask, and the tube is rinsed 
with 1 ml. of distilled water; another scratch is made near the closed end of die 
reaction tube, which is again cracked with a hot glass bead; the remaining parts 
of die reaction tube are all dropped into the Erlcnmeyer flask; the Erlcnmeyer 
flask is then swirled to effect complete hydrolysis of the residual acetic anhydride; 
2 drops (0.08 ml.) of 1:3 cresol red-thymol blue mixed indicator solution are added, 
and the contents of the flask are titrated with standardized 0.05 N ethanolic sodium 
hydioxide. The end point is indicated by a color change from yellow to blue. 

MICRODETERMINATION OF THE ALKOXYL GROUP BY 
HYDROGEN IODIDE CLEAVAGE 

Principle .— 1 The alkoxyl group is separated from the rest of the organic molecules 
on heating the sample with liydriodic acid, giving rise to a hydroxy compound and 
an alkyl iodide. 

R— O— R' + HI -> R'OH + RI 

The alkyl iodide is separated from die reaction mixture by virtue of its volatility. 
The vapor is then absorbed in acetic acid containing bromine, which oxidizes the 
iodide to iodic acid. The determination is finished titrimetrically through the 
liberation of iodine, and titration of the liberated iodine with 0.05 N sodium 
thiosulfate. 

Apparatus. Micro Alkoxyl Apparatus.— The apparatus 47 recommended by the 
Committee on Microchemical Apparatus, Division of Analytical Chemistry, Ameri- 
can Chemical Society (Fig. 18-52), is composed of 4 parts: (a) the round reaction 
flask; (b) the condenser with scrubber; (c) die delivery tube; and (d) the receiving 
tube. This apparatus is suitable for the determination of methoxyl and ethoxyl 
groups but not for higher homologs. 

Procedure. Preparation of the Apparatus.— The receiving tube is filled with 5 
ml. of acetic acid containing 10% sodium acetate. Six drops of bromine are added 
and die apparatus is assembled (as shown in Fig. 18-52). The scrubber is filled with 
equal volumes of 5% cadmium sulfate and 5% sodium thiosulfate solutions. 

Preparation of the Sample.— The sample is accurately weighed, by means of the 
weighing tube or microboat, into the reaction flask. A small crystal of phenol and 
0.2 ml. of propionic anhydride are added as solvent. With die side arm of the 

47 Steyermaik, A., et al.. Anal. Chem., 28, 112, 1956. 
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Fic. 18-52. Micro Methoxyl-Ethoxyl Apparatus. (Courtesy A. H. Thomas Co.) 


lowered. The delivery tube is disconnected and rinsed with a little distilled water. 

Titration.— A 125-ml. iodine flask containing 5 ml. of 10% sodium acetate in 
acetic acid is placed under the receiving tube. The stopper at the bottom of the 
receiving tube is carefully detached to allow the contents of the receiving tube to 
run into the iodine flask. The receiving tube is thoroughly rinsed with distilled 
water and the rinsings are collected in the iodine flask. The flask is swirled to mix 
the contents. Formic acid is now added dropwise until the bromine color just 
vanishes. The iodine flask is stoppered and shaken occasionally during the addi- 
tion of formic acid. Then 2 ml. of 10% potassium iodide solution are introduced, 
followed by 3 ml. of 10% sulfuric acid. The iodine flask is stoppered, shaken, and 
allowed to stand for 5 min. The liberated iodine is now titrated with the standard- 
ized 0.05 N sodium thiosulfate to the starch end point. 
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MICRODETERMINATION OF THE ACYL GROUP 
BY ION EXCHANGE 

Principle .— The acyl group in esters and amides is liberated by hydrolysis in 
alcoholic sodium hydroxide solution followed by exchange with a strongly acidic 
resin. 

R— COOR' + NaOH -> R— COONa + R'OH 
R — CONHR' + NaOH RCOONa + R'NH 2 -f H 2 0 
R — COONa + Resin— S0 3 H -» R— GOOH + Resin— SOjNa 

The free carboxylic acid in the eluate is then determined by titration with standard 
0.02 N sodium hydroxide solution. 

Apparatus. Ion-exchange Column.— The ordinary 10-ml. buret, which has 0.1 -ml. 
graduations, and has a length of 150 mm. and bore of 10 mm., is suitable as the 
ion-exchange column. 

Procedure. Preparation of the Ion-exchange Column.— The bottom of the iou- 
exchange column is packed with a 3-mm. layer of glass wool, and the buret is 
clamped on a stand. A suspension of 1 g. of Amberlite 1R-120 (or other sulfonic 
acid type resin) in 20 ml. of dilute hydrochloric acid is transferred into die column 
to give a resin bed about 80 mm. long. The resin is covered with another layer 
of glass wool and then washed with distilled water until the eluate is free from 
hydrochloric acid as shown by the silver nitrate test. The resin beads should be 
covered with liquid all the time, and the ion-exchange column should be stoppered 
when not in use. 

Preparation of the Sample and its Hydrolysis.— A sample containing about 0.1 
milli-cquivalent of the acyl group is accurately weighed and transferred into the 
bottom of a 10 by 75 mm. test tube (preferably without flange). One ml. of n-amyl 
alcohol is added, followed by 0.10 ml. of the alkali reagent (prepared by dissolving 
3.6 g. of reagent grade sodium hydioxide in 30 nil. of n-amyl alcohol). The test 
tube is then sealed to form a tapered tip (sec Fig. 18-51). 

The sealed tube is placed in a metal block and heated at 150°C. for 1 hr. After 
cooling, the tip of the tube is opened by a sharp flame to release the gas pressure. 
A scratch is made on llie upper part of the tube, a drop of water is placed on the 
scratch, and the top of the tube is broken off by applying a hot glass bead on the 
scratch. 

Liberation and Titration of the Free Carboxylic Acid.— To the test tube con- 
taining the above reaction mixture are added 3 ml. of a solvent containing 4 parts 
of isopropyl alcohol and 6 parts of water. The contents of the test tube are mixed 
by swirling and then transferred quantitatively into the ion-exchange column, the 
stopcock of the column being closed. The test tube is rinsed 3 times with 2-ml. 
portions of the same solvent, and the rinsings are transferred into the ion-exchange 
column. Then a 1 25-ml. Erlenmcyer flask is placed under the ion-exchange column 
and the stopcock is opened so diat the eluate runs into the flask at the rate of l 
to 2 ml. per min. Five ml. of the water-isopropyl alcohol mixed solvent are added 
into the ion-exchange column when the liquid level inside the column approaches 
the glass wool above the resin beads. This process is repeated 3 times before the 
stopcock is closed. About 25 ml. of eluate will have been collected. 

The free carboxylic acid solution collected in the Erlennveyer flask is titrated as 
follows: if the eluate is colorless, 4 drops of 1% phenolphthalein indicator are 
added, and the solution is titrated with the standardized 0.02 N sodium hydroxide 
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until a faint pink color appears and persists for SO sec. If the eluate is slightly 
yellow 4 drops of a mixed indicator containing 1 part of 0.1% aqueous ciesol red 
and 3 parts of 0.1% aqueous thymol blue are added, and the solution is titrated wit i 
the standard alkali until its yellow color turns bluish violet. 


MICRODETERMINATION OF THE SAPONIFICATION 
NUMBER OF AN ESTER 

Principle— The ester is saponified by heating with a known amount of potassium 
hydroxide in an organic solvent in a sealed tube. 

RCOOR' + KOH RCOOK + R'OH 

The residual alkali is then determined by titration with standardized hydrochloric 
acid solution. The saponification number is the weight in milligrams of potassium 
hydroxide that would have been consumed by 1.00 g. of the sample. 

Apparatus. Reaction Tube.— The reaction tube is prepared from 8-mm. boro- 
silicate glass tubing in the manner described previously in “Microcletermination of 
the Hydroxyl Group by Acetylation,” p. 405. 

Procedure.— The reaction tube is placed on a stand and weighed to ±0.01 mg. 
The sample is introduced, by means of the capillary and plunger (Fig. 18-52) for 
solids, or by the use of syringe for liquids, to the bottom of the reaction tube and 
reweighed. The amount of sample taken should consume 0.1 to 0.2 milli-equiv- 
alent of potassium hydroxide. Then exactly 1.00 ml. of 1 N potassium hydroxide 
in diethylene glycol solution is carefully introduced from a pipet, and the reaction 
tube is sealed in die oxygen flame. Using the same pipet, exactly 1.00 ml. of the 
same potassium hydroxide reagent is added to the bottom of a blank tube, which 
is also sealed. 

Bodi tubes are now placed in the metal block and heated at 150°C. for 2 hr. 
After cooling to room temperature, the respective tubes are opened. The con- 
tents and the sections of the reaction tube and the blank tube are transferred into 
two 50-ml. Erlenmeyer flasks, each containing 15 ml. of distilled water. Four drops 
of 0.1% phenolphthalein indicator solution are added to the respective flasks, and 
the solutions are titrated with standard 0.05 N hydrochloric acid until the pink color 
disappears. The difference between the titre of the blank and that of the reaction 
tube gives the amount of potassium hydroxide consumed by the sample. 


MICRODETERMINATION OF THE CARBONYL GROUP 
BY HYDRAZONE PRECIPITATION 
Principle .- The carbonyl group is quantitatively precipitated as die 2,4-dinitro- 
phenyl hydrazone of the parent aldehyde or ketone in a suitable medium of con- 
trolled pH. 


R 

\ 

C=0 + H 2 NNHC 6 H 3 (N0 2 )o 
R' 


R 


\ 

^C=NNHC 6 H 3 (N0 3 ) 2 + HoO 
R' 


The supernatant liquid is 
The precipitate is retained 


separated by inverted filtration through a 
in the reaction vessel, dried and weighed.-^ 


18 Ma * T - S " Lo S un > J- and Mazzella, P. P„ Microchem. J„ 1 , 67, 1957 


filterstick. 
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Apparatus. Reaction Vessel and Filterstick.— The apparatus for the micro- 
precipitation and determination of the carbonyl group is shown in Fig. 18-53. A 
short test tube, of 23-mm. I.D., 100 mm. length, and 35-ml. capacity, serves as the 
reaction vessel. The filterstick, of 120 mm. length, is prepared from 4-mm. glass 
tubing (I.D., 2 mm.) by making a capillary constriction about 10 mm. from the 

bottom. The bottom of the filterstick 
is fitted wills a tiny roll of filter paper, 
the end of which protrudes 1 mm. be- 
yond the filterstick as shown in the 
figure. The reaction vessel and the 
filterstick are placed in a 30 mi. beaker, 
and the 3 pieces are always weighed to- 
gether. 

Procedure. Preparation of the Sam- 
ple.— If a double-pan. microbalance is 
used, the dry reaction vessel, filterstick, 
and beaker are placed on the left pan 
of die balance. A second beaker and a 
short test tube of the same dimensions 
arc placed on the right pan, and then 
lead shots (see Fig. 18-3(b)) are added 
into die beaker until die 2 sides are balanced, with the rider sitting between the 
0- and 5-mg. marks. After the exact weight lias been recorded, the sample is intro- 
duced into the reaction vessel. Solid samples are directly added into the reaction 
vessel with the microspatula. Semi-solids and oils are weighed in a microboat, 
which is preweighed with the beaker, reaction vessel, and filterstick, and the micro- 
boat containing the sample is dropped into the reaction tube after the weighing. 
Low-boiling liquids are weighed in a microweighing bottle (Fig. 18-13). Five to 15 
mg. of the sample (corresponding to between 0.05 and 0.15 milli-equivalent of die 
carbonyl group) are taken and weighed accurately to ±0.01 mg. 

Precipitation, Filtration, and Drying.— The beaker, containing the sample, filter- 
stick, and reaction vessel, is removed from the balance. Four ml. of methanol are 
introduced to dissolve the sample. Twenty ml. of the reagent solution (prepared 
by dissolving 0.2 g. of 2,4-dinitrophenylhydrazine and 1 g. of oxalic acid in 100 ml- 
of methanol) are added by means of a pipet. The contents of the reaction vessel 
are thoroughly mixed by gently swirling. Fifteen min. after the appearance of the 
precipitate, the reaction tube is removed from the beaker and placed in an ice 
water bath for 1 hr., or until the precipitate settles at the bottom. The reaction 
vessel is then wiped and returned to the 30-ml. beaker. The filterstick is now con- 
nected through a rubber tubing to die siphon, which leads to the filtrate receiver 
(see Fig. 18-53). The latter consists of a short test tube of 35-ml. capacity, fitted 
widi a 2-hoIed rubber stopper, widi one hole carrying a glass tubing joined to die 
aspirator. The filterstick is placed inside die reaction tube in such a position 
that the end of the filter paper roll is just above die precipitate. The supernatant 
liquid is drawn off by applying slight suction; small amounts of methanol are used 
to wash the precipitate free of the reagent. When die liquid passing through die 
siphon becomes colorless, the washing is complete. The precipitate, filterstick, re- 
action vessel, and beaker are then dried at 75°C. to constant weight. 



Tin. 18-53. Reaction Vessel and Filterstick. 
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MICRODETERMINATION OF THE PEROXY GROUP 

by iodine oxidation . 

Principle.- In the presence of ferric ions as catalyst, alkali iodide is readily oxi- 
dized by the organic peroxy group to liberate iodine in acetic acid solution. 

RCO — 0 2 — OCR + 2NaI -> L> + 2RCOONa 

The iodine is then determined by titration with 0.02 N sodium thiosulfate solution. 49 

Apparatus. Reaction Vessel.-A 50-ml. Erlenmeyer flask, with ground glass 
stopper, is used as the reaction vessel. 

Procedure.— Three to 15 mg. of the organic peroxide are weighed accurately into 
a 50-ml. Erlenmeyer flask provided with glass stopper. Three ml. of chloroform 
to dissolve the sample are added, followed by 3 ml. of glacial acetic acid containing 
0.002% of ferric chloride. The Erlenmeyer flask is flushed with nitrogen while 
its contents are swirled, and the stopper is replaced immediately. The stopper is 
then raised sufficiently to permit the addition of 0.15 ml. (3 drops) of saturated 
aqueous sodium iodide solution from a medicine dropper. The stopper is replaced 
and again the flask is swirled for complete mixing. After allowing the reaction 
mixture to stand in darkness for 5 min. at room temperature, 10 ml. of distilled 
water are added and the iodine liberated is titrated with standardized 0.02 N sodium 
thiosulfate, until the solution lightens to pale yellow. At this point, 1 ml. of starch 
solution is added and the titration continued to a colorless end point. A blank 
determination is run using the identical procedure and the same amounts of rea- 
gents but without the sample. 

microdetermination of the adjacent di-ol group 

BY PERIODATE OXIDATION 

Principle.— The adjacent di-ol group is specifically oxidized by potassium pe- 
riodate in dilute sulfuric acid solution. 

RCHOH • CHOHR + KI0 4 + H,S0 4 -> 2RCHO + HI0 3 -f- KHS0 4 + H 2 0 

The sample is treated with a measured amount of the periodate reagent. After 
the oxidation is completed, the acidic solution is partially neutralized, and a known 
volume of standardized sodium arsenite solution is added to react with the resid- 
ual periodate. The excess of arsenite is titrated with 0.025 N iodine solution usin«- 
starch as the indicator. ° 

Apparatus. Reaction Flask.-Either a 75-ml. Erlenmeyer flask with ground Hass 
stopper, or 125-ml. iodine flask, may be used as the reaction flask. 

Magnetic Stirrer.— Any type may be used. 

Procedure.— Into each of two reaction flasks are added 5.00 ml. of the periodate 
reagent solution (prepared by dissolving 11.5 g. of potassium meta-periodate in 
500 ml. of 0.2 N sulfuric acid and diluting to 1 liter). The sample, containing about 
0.1 milli-equivalent of the adjacent di-ol group, is accurately weighed into 1 of the 2 
reaction flasks, the other flask being used for the blank determination Both flasks 
are stoppered and the contents shaken occasionally. After the oxidation is com- 
p eted (30 mm. for simple 1,2-glycols; 1 hr. for monosaccharides; 90 min for com 
plex glycols), the stopper of the reaction flask is removed, and the magnetic stirring 

i9 Ma, T. S., and Gerstein, T„ Microchem. J., 5, 163, 1961. 
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bar is placed in the solution. Five ml. of saturated sodium bicarbonate solution 
are introduced while the contents of the flask are stirred vigorously. Exactly 10.00 
ml. of standardized 0.06 N sodium arsenite are added, followed by 0.5 ml. of 20% 
potassium iodide solution and 2 g. of anhydrous sodium bicarbonate. Both the 
sample and the blank are allowed to stand for 15 min. with occasional agitation. 
The starch indicator solution (0.2 ml.) is then introduced and the respective con- 
tents of the 2 flasks are titrated with the standardized 0.025 N iodine solution while 
the reaction mixture is stirred magnetically. The end point is the appearance of a 
faint blue color. 

MICRODETERMINATION OF THE PRIMARY AMINO GROUP 
BY NITROSATION 

Principle .— The aliphatic primary amino group reacts with nitrous acid to liberate 
one mole-equivalent of nitrogen. The latter is collected in a nitrometer and 
measured. 


R — NHj + HNOz -» N 2 + ROH + HjO 

Nitrous acid is obtained by mixing sodium nitrite with acetic acid; cupric chloride 
and potassium bromide are added as catalysts for the nitrosation reaction. 

Apparatus. The Primary Amino Group Assembly.— This is shown in Fig. 18-54. 
It consists of the carbon dioxide generator. L, reaction vessel, /, 2 scrubber tubes, 
E and F, and the nitrometer, B, which has a capacity of 5 ml., and is graduated in 
0.02 ml. 

Procedure. Preparation of the Apparatus and Sample.— The ball-and-socket 
joints of the assembly are lubricated with a trace of stopcock grease and connected 



Fie. 18-54. Assembly for Micnxlc termination of the Primary Amino Group. 


as shown in. Fig. 18-54. The thermos bottle, L, is filled with crushed solid carbon 
dioxide and the stopcock, K, is opened to let carbon dioxide escape to the atmos- 
phere until the carbon dioxide generator is free from trapped air. The nitrometer, 
B, is filled with mercury and 50% potassium hydroxide solution. A pinch of 
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mercuric oxide and a half-inch flat-headed nail are placed on top of the mercury. 

The scrubber tube, F, is filled to three-quarters of its length with the potassium 
bromate reagent solution (prepared by dissolving 5 g. of potassium bromate in 
75 ml. of distilled water and diluting with 150 ml. of o0% sulfuric acid). This 
reagent serves to remove the nitrous oxide produced by the decomposition of 

nitrous acid. . . , 

The scrubber tube, E, is filled with a solution of 40% aqueous sodium thiosul- 
fate, which absorbs any bromine produced from the bromate. 

The sample containing about 0.1 milli-equivalent of primary amino group is 
accurately weighed into the reaction vessel, J. One ml. of acetic acid-sodium acetate 
mixture (containing 1 g. of sodium acetate trihydrate in 12.5 ml. of acetic acid and 
37.5 ml. of distilled water) is added to the reaction vessel by means of a pipet. The 
contents of the vessel are mixed by swirling until the sample goes into solution. 
Then 1 ml. of 10% aqueous potassium bromide solution and 1.5 ml. of 25% cupric 
chloride solution are added and the neck of the reaction vessel, J, is affixed. 
Twenty ml. of the sodium nitrite reagent solution (1% stock solution diluted with 
2 parts of distilled water before use) is delivered into the funnel, H. 

Purging the Assembly.— With the leveling bulb, A, placed in the lower position 
to keep die level of potassium hydroxide at the wide part of the nitrometer, the 
assembly is purged free of air in the following manner: the stopcocks, C and D, 
are closed and stopcocks G. I, and K are opened, so that carbon dioxide escapes 
through G. After 2 min., G is closed and D opened. After 2 more min., D is 
dosed and C is slowly opened to let carbon dioxide escape through the nitrometer. 
If the system is free of air, the bubbles forming at the bottom of the nitrometer 
should practically disappear before they reach the surface of the potassium hydrox- 
ide solution. Now the stopcock, C, is dosed and the leveling bulb, A, is raised to 
fill the nitrometer, B, with potassium hydroxide solution. The stopcock on top 
of die nitrometer is dosed and the leveling bulb. A, is placed in a position about 
the middle of the nitrometer. The stopcock, C, is then carefully opened so that 
not more than 3 to 4 bubbles will stay in the whole length of the nitrometer. 
After 2 min., the nitrosation reaction is ready to proceed. 

Nitrosation.— The stopcock, K, of the carbon dioxide generator is turned to a 
position so that no gas escapes into the reaction vessel, J, or into the atmosphere. 
Then the stopcock, /, above the reaction vessel, J, is opened to deliver 1.0 ml. of 
the sodium nitrite solution into the reaction vessel. Gases are liberated as the 
nitrosation reaction takes place. The leveling bidb, A, is lowered, if necessary, 
to conduct the gases into the nitrometer smoothly. When no more gas is evolved, 
0.2 ml. of the sodium nitrite is introduced into the reaction vessel, J, to check if 
there was sufficient nitrite to react with all the primary amino group. 

Measurement of Nitrogen.-The stopcock, C, is closed and stopcock, K, is Lurned, 
to allow carbon dioxide to go into the reaction tube, J. Now stopcock, C, is care- 
full opened so that a stream of gases goes into the nitrometer. The speed of °as 
flow is adjusted in such a way that not more than 4 bubbles stay in the nitrome°er 
at one time. When all gas bubbles are absorbed, on rising along the nitrometer 
stopcock, C, is closed. The leveling bulb is held in a position so that the meniscus 
of the potassium hydroxide solution in the bulb is at the same level as that inside 
te nitrometer. Then the volume of gas in the nitrometer is measured, and the 
oom temperature and barometer readings are recorded. 
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MICRODETERMINATION OF THE NITRO GROUP BY 
REDUCTION WITH TITANOUS CHLORIDE 
Pi inciple.—Tht aromatic nitro group is quantitatively reduced by titanous chlo- 
ride in acid solution. 

ArNOj + 6TiCl 3 + 6HCI -» ArNH 2 -f- 6TiCl 4 -f 2H 2 0 
The sample is treated with a known amount of 0.04 N titanous chloride solution. 
After the reduction is complete, the residual titanous ions are determined by 
titration with standardized 0.035 N ferric alum solution. 60 

Apparatus . Apparatus for Titanous Chloride Microtitration.— Because of the 
susceptibility of titanous chloride to air oxidation, a special assembly is needed for 
the microdetermination of the nitro group. The apparatus shown in Fig. 18-55 




Fig. 18-55. Apparatus for TiC 1 3 Mi- I'm. 18-56, The TiC) 3 Reaction Flask 

crotitration. (Courtesy Microcliim. Connected to the Microburet. (Cour- 

Acta.) tesy Miciochim. Acta.) 


consists of the nitrogen train a, b, c, reaction flask, d, and microburet, e. The 
latter is constructed from a 10 ml. Machlett microburet by replacing its tip with 
a ground glass joint having a drip tip of 20-mm. length (Fig. 18-56). The Miter 
storage bulb of the microburet is covered with aluminum foil to protect the titanous 
chloride solution from light. 

The reaction flask is constructed from a 50 ml. Erlenmeyer flask having a ground 
glass joint. It is provided with 2 side arms, each 25 mm. in length. One side aim 
has an inner diameter of 9 mm. and an outer diameter of 1 1 mm. Into this side 
arm is inserted a glass tube having a 4-mm. inside diameter, which is bent so that 
its tip of 1-mm. inside diameter remains 30 mm. above the bottom of the flask. 

so Ma, T. S., and Earley, J. V., Mikrochim. Acta, 1959, 129. 
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The other side arm, which serves as outlet lor the stream of nitrogen and for 
adding the reagents, has an inner diameter of 11 mm. and outei diameter of 
mm Two springs are used to secure tire reaction flask to the buret. A stimng 
bar of 15-mm. length is placed into the reaction flask. 

The nitrogen train a, b, c, consists of two 125-ml. Erlenmeyer flasks connected 
with rubber tubing to a cylinder of nitrogen. Flask a contains 1 A chromous 
chloride solution kept over amalgamated zinc; flask b contains distilled water. 
Each flask carries a 2-hole rubber stopper with glass tubing. The tube leading 
into the chromous chloride solution is drawn out to a fine capillary tip. The flask 
c contains water and is connected with rubber tubing to the side arm of reservoir e 


of the microburet. 

Procedure.-The nitro compound (3 to 8 mg.) is accurately weighed in the weigh- 
ing tube (Fig. 18-12) or micro-weighing botde (Fig. 18-13), and introduced into the 
reaction flask d, which contains 4 ml. of 95% ethanol. The contents of the flask 
are stirred magnetically until dissolution is complete. The flask is then attached 
to the microburet (see Fig. 18-55). By means of a pipet, 7 ml. of 2.5 M sodium 
acetate solution are added through the side arm, and the apparatus is flushed with 
a current of nitrogen for 5 min. at a rate of 20 ml. per min. The 0.04 N titanous 
chloride solution is dien added from the microburet until the color of the reaction 
mixture changes to deep violet. After 3 min., 4 ml. of concentrated hydrochloric 
acid are added, and die contents of the reaction flask are titrated with the stand- 
ardized 0.035 N ferric alum solution delivered from a 5-ml. microburet until the 
pale blue color of titanous chloride almost disappears. Tiro ml. of 2.5 M ammonium 
thiocyanate indicator solution are now introduced and the titration is continued. 
The end point is the appearance of a pink color that persists for 1 min. 

A blank is performed with the same procedure and quantities of reagent as used 
in die analysis of the sample. 


MICRODET E RMI N AT ION OF THE FIYDRAZINO GROUP 
BY MILD OXIDATION 

Principle .—The hydrazino group in many compounds can be decomposed with 
a mild oxidizing reagent, such as copper sulfate, to yield nitrogen gas. 

R— NHNH 2 + 4CuS0 4 + H 2 0 -> N, + ROH + 2Cu 2 S0 4 + 2H 2 S0 4 

Heating is usually required to bring the oxidation to completion. The nitrogen 
liberated is collected and measured in a nitrometer. s 

Apparatus. The Micro Hydrazino Apparatus.- As shown in Fig. 18-57, the micro 
hydrazino apparatus consists of die reaction vessel, A, reflux condenser, E, and the 
5-ml. nitrometer, FG. The side arm, B, of the reaction vessel is fitted with a 
rubber stopper of sleeve type. The sleeve can be folded down over the neck of 
the side arm. The diaphragm of the stopper can be punctured readily with a 
syringe needle, and the puncture seals automatically after the needle is withdrawn. 

Procedure .- The rubber stopper, D, is removed for the introduction of the sam- 
ple, containing about 0.1 milli-equivalent of hydrazino group, into the reaction 
vessel,. /I, through the side aim, B. Two ml. of a suitable solvent (water, dilute 
sulfuric acid, or glacial acetic acid) are added. The stopcock of the carbon dioxide 

Then 1 ! 7 Sh ° Wn) 15 ° pened t0 purge the reaction vessel, A, free from air 

en the rubber stopper is replaced and die current of carbon dioxide is con- 

i uecl, to expel all air out of the apparatus (for checking the system see "Micro 
determination ot the Primary Amino Group by Nitrosation,” ab'ove p. 413) ¥£ 
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nitrometer is now filled with potassium hydroxide solution, and the stopcock oi 
the carbon dioxide generator is turned off. 

Using a syringe with a long needle, 4.0 ml. of saturated aqueous solution o( 
copper sulfate are introduced through the diaphragm of the rubber stopper. The 



Fig. 18-57. Apparatus for Microdetermination of Hydrazino Group. 


heating stage, H, is turned on gradually to raise the temperature of die reaction 
mixture. Gas bubbles enter the nitrometer due to expansion of gas tolume by 
heat and also, to die liberation of nitrogen from the hydrazino group. The speed 
of the gas entering the nitrometer is controlled by adjusting the stopcock on the 
delis ery tube leading to the nitrometer. If die gas flow stops, the stopcock of the 
carbon dioxide generator is carefully opened to maintain die gas speed. 

When the contents of the reaction sessel. A, begin to boil, the heating stage is 
switched off. The reaction \essel. A, is kept in the hole of the heating stage for 
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• , i i-ittpr is removed. When all the nitrogen produced has 

been diiStoT nitrometer, the volumes oi gas, temperature, and atmospherk 
nressure are noted. The heating stage is replaced under the reaction vessel, A, 
boil the reaction mixture for 5 min. while a slow current of carbon dioxide passes 
■ i- Heating is continued if more nitrogen is produced. 


through. 


MICRODETERMINATION OF THE ALKIMINO GROUP 
Principle.— The alkimino group forms quaternary ammonium iodide upon heat- 
in. with concentrated hydriodic acid. When the quaternary ammonium salt is 
pyrolyzed, one mole-equivalent of alkyl iodide is liberated 
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The microdetermination of the alkimino group is based on the volatility of the 
resulting alkyl iodide. Therefore, this method is best suited for the analysis of 
the methylimino and ethylimino groups. The methyl or ethyl iodide produced is 
converted to silver iodide and weighed. 

Apparatus. Modified Friedrich Alkimino Apparatus.— The Friedrich apparatus 51 
for microdetermination of the methyl- or ethylimino group is modified as shown 
in Fig. 18-58 to increase the flexibility of the assembly and to permit the addition 
of fresh hydriodic acid into die reaction mixture. The reaction vessel, A, is pro- 
vided with a side tube for admitting nitrogen gas, and a ground glass joint for the 
passage of gas stream into the condenser tube, D, through the scrubber, F, into the 
receiver H. The stopcocked funnel, B, serves as reservoir for hydriodic acid. 

Procedure .— The scrubber tube, F, is filled with a solution containing equal vol- 
umes of 5% cadmium sulfate and 5% sodium thiosulfate, and closed with a cork. 
The receiver tube, H, is charged with 2 ml. of 4% ethanolic silver nitrate solution. 
The sample (5 to 10 mg.) is accurately weighed, by means of the weighing tube or 
micro weighing bottle, into the reaction vessel. A, through the side arm with ground- 
glass joint. The sample is dissolved in a few drops of propionic anhydride. Am- 
monium iodide crystals, equal to about 20 times the weight of the sample, are 
added. The reaction vessel, A, is then connected to the bent tube, C. The con- 
denser tube, D, is immersed in a beaker of water kept at 90°C. 

A slow stream of nitrogen gas is passed through the apparatus in such a manner 
that not more than 2 bubbles remain in the receiver at one time. About 2 ml. of 
hydriodic acid (sp. gr. 1.7) ai'e introduced from the reservoir funnel, B. The con- 
tents of the reaction vessel, A, are now kept at gentle boiling (or preferably placed 
in die heating stage maintained at 120°C.) for 30 min. Then the reaction vessel, 
A, is placed m a sand bath (or in the heating stage), which is gradually heated to 


si Friedrich, A.. Mikrochemie, 1, 185, 1929; Die Praxis der 
Mikroanalyse Deuticke, Wien, 1933. 
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360°C. The h) dr iodic acid distils and condenses in the condenser tube, D, -while 
the alkyl iodide passed through die stopcock, E, and sciubbcr tube, F, into the 
leceivcr, H. Ihe dry residue in the reaction vessel, A, is heated at 3G0°C. for 
5 min. Then the temperature ol the bath is lowered to 100*C. A second batch 
of hydriodic acid is delivered from the reservoir and the process is repeated. 



Fig. 18-58. Modified i'liedrich Apparatus for the Mictodeterniinauon of Alhunino Group- 


After the collection of methyl or ediyl iodide in die receiver tube is completed, 
the receiver tube, H, is disconnected at the rubber connection, G. The delivery 
tube is rinsed with dilute nitric acid. The silver iodide in the receiver is coagu- 
lated by heating in a water bath, transferred onto a filter tube (see "Gravimetric 
Determination of Chloride or Bromide,” above, p. 398), dried at I05°C., and 
weighed. 

MICRODETERMINATION OF ISOCYANATE AND 
ISOTHIOCYANATE GROUPS 

Principle .— The isocyanate and isothiocyanate groups are determined by treat- 
ment with an excess of n-butylamine in dioxane to form die corresponding sub- 
stituted urea and diiourea, respectively. 


R— NCO + C 4 H 9 NH 2 -> R— NH— CO— NHC 4 H 9 
R— NCS -f C 4 H 3 NH 2 -> R— NH— CS— NHC 4 H» 
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The excess of butylamine is then determined by titration with standard 0.02 N 
hydrochloric acid. 52 

A bbaratus.— Iodine flask, 125-ml. capacity. Magnetic stirrer. . 

Procedure.- The reaction vessel is assembled by placing a stirring bar into the 
125-ml. iodine flask, adding 10 ml. of the n-butylamine reagent solution (prepared 
by dissolving 2 g. of n-butylamine in 1 liter of p-dioxane) from a pipet, and re- 
placing the stopper. The sample containing about 0.1 milliequivalent of iso- 
cyanate group is delivered into die microweighing bottle (Fig. 18-13) by means of 
a dropper with a capillary tip, and accurately weighed. The microweighing bottle 
and sample are dropped into the reaction vessel, which is then placed on the mag- 
netic stirring device. After the reaction vessel stopper is replaced, the magnetic 
stirrer is switched on. The stirring of the contents is usually sufficient to open the 
microweighing bottle. If necessary, a glass hook can be used to catch the eye on 
the microweighing bottle stopper to disengage the latter; the hook can be broken 
in die reaction vessel and left there. 

After the reaction mixture is stirred for 1 min., it is allowed to stand 15 min. 
for aromatic isocyanates or isothiocyanates, and 45 min. for aliphatic compounds. 
Then 20 ml. of distilled water are introduced to the well of the iodine flask and the 
stopper is opened. After adding 2 drops of 0.1% ethanolic methyl red solution as 
indicator, the contents of the flask are titrated with standardized 0.02 N hydro- 
chloric acid to a distinct pink end point. A blank is run on 10 ml. of the »-butyl- 
amine reagent solution under identical conditions. 


MICRODETERMINATION OF THE SULFEIYDRYL GROUP 
BY OXIDATION WITH IODINE 

Principle .— The sulfhydryl group can be determined by oxidation with iodine. 

2R—SH + I 2 -*• R— SS— R + 2HI 

A standard solution of iodine is not suitable for microanalysis, however, because it 
is very unstable. An indirect method is dierefore employed. The compound con- 
taining the sulfhydryl group is mixed with potassium iodide in glacial acetic acid 
solution. The mixture is then titrated with the standardized 0.03 N potassium 
iodate solution. Iodine, which is produced by the reaction between iodide and 
iodate, is immediately consumed by the sulfhydryl group. The end point is the 
appearance of iodine color in the solution. 

Apparatus.— No special apparatus is required. 

Procedure .- A sample containing about 0.1 milliequivalent of the sulfhydryl 
group is accurately weighed into a 50-ml. Erlenmeyer flask. Five ml. of medianol 
are added to dissolve the sample, followed by 1 ml. of glacial acetic acid, 400 m °- 
of potassium iodide, and 1 ml. of distilled water. The flask is swirled’ until aU 
solids have dissolved. The solution is then titrated with the standardized 0.03 N 
potassium iodate solution until the appearance of the yellow color of free iodine 
which persists for 30 sec. ’ 


MICRODETERMINATION OF THE SULFHYDRYL GROUP BY 
AMPEROMETRIC TITRATION WITH SILVER NITRATE 
Principle.— Another micromediod for die determination of the sulfhvdrvl 
gioup is dependent on the precipitation of silver mercaptide in aqueoJs or 

Karlen, B., and Ma, T. S., Microchem. J., 3, 507, 1959. 
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ethanolic solution. 

R— SH + AgNOa -* R— SAg + HNOj 
The end point of the reaction is located amperometrically. 

Apparatus. Amperometric Titration Assembly.— The various parts of the am- 
perometric microti tration assembly are shown in Fig. 18-59. 

Poiarograph.— Any type. 

Procedure .— Approximately 0.1 millicquivalent of the sulfhydryl compound is 
accurately weighed into a 100-ml. beaker and dissolved in 5 ml. of 95% ethanol. 
Twcnty-fhe ml. of bufler solution, containing 0.25 M ammonium nitrate and 1 M 
ainnionium hydroxide, are added, followed by 1 ml. ol 0.01% gelatin in ethanol. 
The stirring bar is placed in the beaker and the apparatus is assembled as shown 
in l'ig. 18-59. A stream of nitrogen is passed through the solution to expel the 
absorbed oxygen. The magnetic stirrer is switched on and the dropping mercury 
electrode is lowered into the solution, while a steady flow (drop by drop) of mer- 
cury takes place inside the solution, the calomel cell-glass electrode is immersed in 
the solution, and the leads are connected to the poiarograph. The standardized 
0.01 N silver nitrate solution is slowly delivered from the microburet. The reading 
of die poiarograph after each increment of the titrant is noted. The titration is 
continued until significant increases in the current are observed. The equivalence 
point is obtained by plotting the current-volume curve. 

MICRODETERMINATION OF THE SULFOXIDE GROUP 

Principle .— The sulfoxide group can be determined on the micro scale by quanti- 
tative reduction with amalgamated zinc and hydrochloric acid to yield the corres- 
ponding sulfide, and the subsequent determination of organic sulfide by oxidation 
with bromine. 


R 2 SO -f Zn + 2HC1 -» R 2 S + H 2 0 + ZnCl 3 
R 2 S -f Br 2 + H 2 0 -> R 2 SO + 2HBr 

The reduction process is carried out in a micro-Jones reductor. Because of 
the instability of free bromine, a mixture of bromate and bromide is used as the 
standard solution of bromine. 

Apparatus . Micro-Joues Reductor.— As shown in Fig. 18-GO, the micro-Jones 
reductor consists of 2 U-tubes, connected by ground-glass joints. One LMube con- 
tains the funnel. A, and the reducing column, £, which holds the zinc amalgam, 
the other U-tube. FG, acts as a spigot. 

Procedure. Preparation of the Assembly.— In a 250-ml. beaker are placed 100 g. 
of 20-mesh zinc metal. One hundred ml. of 2 N hydrochloric acid are added and 
the contents of the beaker stirred for 1 min. to etch the surface of the zinc. A 
freshly prepared solution containing 400 mg. of mercuric chloride in 50 ml. of I 
N hydrochloric acid is introduced, and the mixture is stirred for 5 min. Then the 
supernatant liquid is decanted off and the amalgamated zinc is washed several times 
by water and decantation. 

A wad of glass wool, D, is inserted into the reducing column, E, ol the nncro- 
Jones reductor. The amalgamated zinc is now transferred into the column and 
packed loosely by gentle tapping. Another wad of glass wool is placed above the 
zinc and the column is washed with distilled water several times, once with 10% 
acetic acid, and finally with a 5% hydrochloric acid in 95% ethanol. 
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Preparation of the Sample 

equivalent o£ the sulfoxide group is accu y g b h K ; e idahl Principle,” 
digestion flask (see “Microdetermination of Nitrogen by J 


Fig. 1S-59. Amperometric Titration Fig. 18-60. Micro Jones Reductor. 

Assembly for .Microdetermination of 
the Sulfhydryl Function. 




above, p. 384). Five ml. of 5% etlianolic hydrochloric acid are added to dissolve 
the sample by swirling. A trace of vaseline is smeared on the lip of the digestion 
flask. With the reducing column of the micro-Jones reductor immersed in a water 
bath at 50°C., and the stopcock, iJ, closed, the contents of the digestion flask are 
transferred into tire funnel, A. Then the stopcock, B, is turned to allow the solu- 
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tion to move down through the U-tube in such speed that the liquid front travels 
through the entire length of the reducing column, E, in 10 min. The effluent is 
collected in a 125-ml. iodine flask. The digestion flask is rinsed with 5 ml. of 5% 
ethanolic hydrochloric acid and the rinsing is transferred into the funnel, A. Fi- 
nally, 40 ml. of glacial acetic acid are introduced into die funnel and collected in 
the 125-ml. iodine flask. 

Microdetermination of Aliphatic Sulfide.— If aliphatic sulfide is collected in the 
125-ml. iodine flask, 1.5 ml. of concentrated hydrochloric acid are introduced, fol- 
lowed by a solution containing 500 mg. of potassium bromide in 2 ml. of distilled 
water. The iodine flask is closed and its contents mixed by swirling. After 5 min., 
the solution is titrated with the standardized 0.07 N potassium bromate solution. 
The end point is the appearance of bromine color which persists for 30 sec 

Microdetermination of Aromatic Sulfide.— If the 125-ml. iodine flask contains 
aromatic sulfide, 2.0 ml. of concentrated hydrochloric acid arc added. Then ex- 
actly 5.00 ml. of the standardized 0.1 N potassium bromate solution are delivered 
into the iodine flask. The stopper is replaced and the flask is swirled to mix the 
contents. Now 500 mg. of potassium bromide arc added. The flask is again 
closed and shaken for 1 min. Then the flask is placed in a water bath at 60*C. 
for 2 min. After cooling to room temperature, 2 ml. of 15% potassium iodide solu- 
tion are added, and the stoppered flask is shaken for 1 min. The contents of the 
flask are titrated with the standardized 0.1 N sodium thiosulfate solution, using 
starch as indicator. A blank is run using identical amounts of the reagents. 

MICRODETERMINATION OF THE UNSATURATED GROUP 
BY BROMINE ADDITION 

Principle .— The unsaturated group in olefins can be determined by the addition 
of bromine. 

R 2 G=CR 2 "f* Br 2 — * R 2 CBr — CBrR 2 

Because of the difficulty in handling standardized bromine solution for micro- 
analysis, the reagent is generated in situ by action of bromate on bromide ions 
in the presence of hydrochloric acid. 

Apparatus. Reaction Vessel.— A 50-ml. Erlenmeyer flask, provided with ground 
glass stopper, is used as die reaction vessel. 

Procedure .— In the reaction vessel are placed 10 ml. of the solvent mixture, which 
is prepared by combining 714 ml. of glacial acetic acid, 134 ml. of carbon tetra- 
chloride, 116 ml. of methanol, 18 ml. of dilute sulfuric acid (1:5 v/v) and 18 ml. of 
10% methanolic solution of mercuric chloride. The sample containing about 0-1 
nulliequivalent of unsaturated group is then accurately weighed and added into 
the reaction vessel. After cooling die reaction mixture for 5 min. in die ice water 
bath, 0.25 ml. of concentrated hydrochloric acid is added. The contents of the 
flask are now titrated widi die standardized 0.05 N bromate- bromide reagent (con- 
taining 1.392 g. of potassium bromate and 5.0 g. of potassium bromide in 1 liter). 
The end point is the appearance of a yellowish tinge which persists on swirling for 
30 sec. A blank is performed along with die sample and titrated in die same 
fashion. 
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MICRODETERMINATION OF THE UNSATURATED GROUP 

BY HYDROGENATION 

Princi file.— Another micromethod for the determination of the unsaturated group 
involves the measurement of the volume of hydrogen consumed by the samp . 


RoC— CR 2 + H 2 -* RoCH— CHR 2 


Sometimes 


A catalyst is needed for die reaction to proceed at a reasonable rate, 
the reaction goes to completion only at an 'elevated temperature. 

Apparatus. Micro Gasometric Apparatus.-The versatile apparatus for j Tucro 
gasometric analysis, according to Ma and Scheinthal, is shown in Fig. 18-61. It 



Fig. 18-61. Micro Gasometric Apparatus of Ma and Scheinthal. (Reprinted with permis- 
sion from Cheronis, N. D., Microchemical Techniques, John Wiley and Sons, Inc. New 

York, 1962.) 

consists of a lecture gas cylinder with needle valve. A, bubble counter, B, 3-way 
stopcock, C, reaction chamber, DEFG, gas buret, HI, and leveling bulb, J. The 
reaction vessel, F, is connected to the cap, E, by means of springs. The condenser, 
G, permits the reaction to be performed at the boiling point of tire solvent used 
in the determination. A sintered glass disc is sealed on top of the gas buret in 
order to prevent the mercury from entering the condenser. One end of the 3-way 
stopcock is fitted with a rubber syringe cap, M. y 

Heating and Stirring Device.-The controlled temperature bath which is used 
with the micro gasometric apparatus is shown in Fig. 18-62. It consists of a ferae 
U-tube with a flat bottom. The heating unit, IH, is immersed in one side, while 
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the reaction flask, C, is placed in the other side. AB is a magnetic stirrer con- 
structed from a toy motor attached to the magnet, B. A stirring bar, G, is placed 
at the bottom of the U-tube so that the bath fluid may be stirred if necessary. 

Procedure. Preparation of the Apparatus and Sample.— Into the reaction flask, 
F (Fig. 18-61), are placed 300 to 500 mg. of the catalyst (platinum black, Raney 
nickel, etc.), 3 ml. of the sohent (e.g., dioxane, glacial acetic acid), and 2 to 3 
micro stirring bars. The neck of the reaction flask is lubricated with stopcock 
grease and the apparatus is assembled as shown in Fig. 18-61. 



Fig 18-62. Heating and Stirring Device for the Micro Gasomelric Apparatus. 


The apparatus is purged free of air as follows: die leveling bulb, /, is lowered 
to position, K; the needle valve. A, of the hydrogen cylinder is opened to pass a 
stream of hydrogen through the system: the gas flow is adjusted so that gas bub" 
bles through the bubble counter, B, at a moderate rate and a mercury seal is main- 
tained in the gas buret, /, at level. A'. After 5 min., die open end of the 3-way 
stopcock, C, is connected to tire water aspirator. The leveling bulb, J, is raised 
to position L and the stopcock, C, is momentarily turned to connect lire apparatus 
to the vacuum line. After about 20 sec., the stopcock, C, is again returned to the 
hydrogen line and the leveling bulb to position K. The above operation is re- 
peated twice. The leveling bulb, J, is then placed at position L, and hydrogen 
gas is passed in to push the mercury back so that the 2 columns of mercury in die 
gas buret, HI, are at the same level, L. The stopcock, D (above the reaction flask 
cap, £), is turned so that no more hydrogen enters the reaction flask, and the 3-way 
stopcock, C, is turned to let excess hydrogen escape to the atmosphere. Then the 
needle valve. A, of the gas cylinder is shut off. The readings of volume, tempera- 
ture, and atmospheric pressure are noted. 

An accurately weighed sample is placed in a 10-ml. volumetric flask and dis- 


quantitative microchemical analysis 


425 


solved in a suitable solvent. Using a syringe with long needle, an aliquot co - 
taining about 0.1 milliequivalent of the unsaturated group is delivered into the 
reaction flask, F, through the cap, E. All stopcocks are turned to give a closed 

Sy Hydrogenation.-The magnetic stirrer is switched on. As hydrogenation pro- 
ceeds, the leveling bulb, /, is gradually raised to maintain a pressure of 30 mm. 
mercury on the system. When there is no change in the volume of gas in the gas 
buret, HI, for 5 min., the magnetic stirrer is switched off. The leveling bulb , /, 
is adjusted so that the 2 mercury columns are again at exactly the same level. The 
volume, temperature, and barometer readings are recorded. 

A blank is run using the same amounts of reagents and conditions. 


MICRODETERMINATION OF ACIDIC GROUPS 
BY NON AQUEOUS TITRATION 
Principle.— Phenols, sulfonamides, barbiturates, enols, imides, and some hydra- 
zicles can be determined on the micro scale as acids. The sample is dissolved in 
dimethylformamide and titrated with 0.02 N sodium methoxide. 53 


HA + CH 3 ONa -* CH 3 OH + NaA 


The end point may be located visually or potentiometrically. As carbon dioxide 
interferes with the analysis, its presence cannot be tolerated. 

Apparatus. Titration Assembly.— In order to minimize the absorption and con- 
sequent interference of carbon dioxide from the air, the titration assembly shown 
in Fig. 18-63 is recommended. The microtitration vessel is essentially a small 
Florence flask with a capacity of about 50 ml., that has 5 necks, 1 in line with the 
vertical axis of the vessel and the other 4 equally spaced, slightly oblique, and 
lower. The vertical neck has a ground-glass joint which accommodates the tip of 
the microburet. Two diametrically opposed side openings are 10 mm. in diameter 
to allow insertion of electrodes. The other two openings permit a continuous 
flushing with nitrogen gas. The capillary tube ends about 3 mm. from the bottom 
of the vessel. 

Procedure. For Visual Titration.— Five ml. of dimethylformamide are intro- 
duced into the microtitration vessel through the 10-mm. side neck. The 2 side 
necks allocated for electrodes are closed and the flow of nitrogen is adjusted so 
that individual bubbles can be seen. The magnetic stirrer is switched on so that 
agitation is rapid but spattering does not occur. The indicator solution (0.03 ml. 
of 0.3% thymol blue or 0.015 ml. of 0.5% azo-violet) is added, and the acid im- 
purities in the solvent are neutralized by adding standardized 0.02 N sodium 
methoxide in benzene-methanol, until a permanent blue color appears. Now the 
sample containing about 0.1 milliequivalent of the acidic group is accurately 
weighed by means of the weighing tube (Fig. 18-12), and introduced into the 
titration vessel through the side neck. After the sample dissolves, the solution is 
titrated to the blue end point. 


Foi Potentiometric Titration.— Into the microtitration vessel are added 15 ml. 
of dimethylformamide. The flow of nitrogen and stirring are regulated as de 
scribed above. The electrodes are inserted in their appropriate locations, one 
facing die other, so that diey are at least 2 mm. below the surface of the liquid 
and are separated by a distance of less than 5 mm. The sample is now introduced 


1 Maulme >' er > R - K - Margosis, M., and Ma, T. S„ Mikrochim. Acta, 1959, l 


il. 
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through the side neck. With the potentiometer properly connected and set, the 
titration with the standardized 0.02 AT sodium methoxide is started with large incre- 
ments of titrant. The volume is reduced when approaching the equivalence point. 
The titration is continued until die equivalence point is well passed. 



Frc. 18-63. Apparatus for Miciodetennination of Vet) Weak. Adds. 
(Courtcs) Mikrochim. Acta) 


MICRODETERMINATION OF BASIC GROUPS 
BY NONAQUEOUS TITRATION 
Principle .— Orga nic bases with pK b values in water up to 12 can be determined 
on the micro scale by titration against 0.01 N perchloric acid using dioxane, 
chloroform, and acetic acid as the mixed solvent. 54 

„ . CHjCOOH , 

Base + HC10 4 — » Base-H+ + C10- 4 

The equivalence point may be located visually or potentiometrically. 

54 Gutterson, M., and Ma, T. S. r Mikrochim. Acta, 1960, 1. 
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Apparatus .— No special apparatus is required. 

Procedure. For Visual Titration.-The sample, containing about 0.1 millieqim- 
alent o£ the basic group, is accurately weighed into a 125-ml. Erlenmeyer flask. 
Ten ml. of glacial acetic acid are added. If the sample does not dissolve readily 
on swirling the flask, the latter may be placed on a hot plate to effect complete 
dissolution. After cooling to room temperature, 30 ml. of chloroform and 0.1 ml. 
of 0.1*7 crystal violet indicator solution are added. The contents of the Erlen- 
meyer flask are then titrated with the standardized 0.01 N perchloric acid in diox- 
ane, until the solution changes from violet to blue. A blank is pei formed using 
the same procedure and equal amounts of reagents. 

For Potentiometric Titration. — About 0.1 milliequivalent of the sample is accu- 
rately weighed into a 100-ml. beaker containing a magnetic stirring bar. Ten ml. 
of glacial acetic acid are added to dissolve the sample, and the mixture is heated 
on a hot plate, if necessary. After cooling, 20 ml. of chloroform are added, and 
die electrodes are immersed into the solution. The magnetic stirrer is switched on 
and the standard 0.01 N perchloric acid in dioxane is delivered into the beaker 
from the microburet. The potential reading after each increment of the titrant is 
noted. The increments near the equivalence point should be 0.02 to 0.05 ml. 
The titration is continued until the equivalence point is well passed. The equiv- 
alence point is determined graphically. 

MICRODETERMINATION OF THE C-M ETHYL GROUP’ 

Principle .— The methyl group attached to the carbon atom in certain structures 
(e.g„ isoprene) can be quantitatively oxidized to yield one mole-equivalent of acetic 
acid. The oxidizing agent used is a mixture of chromic acid and sulfuric acid, 
and the reaction is performed in the sealed tube. 

/ H,S0 4 , CrO, 

CH 3 — C -> CH3COOH 

\ 

After die oxidation, the acetic acid is separated by steam distillation and deter- 
mined by titration with 0.01 N sodium hydroxide. 

Apparatus. Reaction Tube.— The reaction tube is prepared from 8-mm. glass 
tubing using the technique previously described in “Microdetermination of the 
Hydroxyl Group by Acetylation,” above, p. 405. 

Heating Device.— A sand bath placed on a rocking machine may be used. The 
rocking furnace of Tashinian, Baker, and Koch 00 (Fig. 18-64) is recommended for 
routine determinations. 

Steam Distillation Apparatus.— The steam distillation apparatus is shown in 
Fig. 18-65. It consists of the steam generator, A, trap, B, distilling flask, D and 
condenser, E. ’ 

Procedure. Preparation of the Sample and Oxidation.-The sample, containing 
about 0.1 milliequivalent of C-methyl group, is accurately weighed into the reac- 
tion tube. Two ml. of concentrated sulfuric acid are added as solvent The solu 
non is then cooled in the ice bath and 4 ml. of 5 N chromic acid are carefully 
introduced into the reaction tube by means of a pipet. After sealing the reac 

10 lire' tTllt "' here is gradually raised 

■ r,s Tashinian, V. H, Baker, M. J„ and Koch, C. W„ Anal. Che,„„ 28, 1304, 1956. 
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Fic. 18-65. Steam Distillation Apparatus. (Reprinted with permission from 
Microchemical Journal, 4 , 484, 1960, John Wiley and Sons, Inc., New Yoik.) 
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Distillation and Titration.-The sealed tube is allowed to cool to room ^ m P era ' 
ture The tip is then opened with a flame to release the pressure, and the tube 
is cut as previously described. The contents of the reaction tube are quantitatively 
transferred into the distilling flask, D (Fig. 18-65). A 250-ml. Erlenmeyei as is 
placed under the condenser, E. Steam is passed into the distilling flask, D, and 
100 ml. of distillate are collected. 

Three drops of 1% phenolphthalein indicator solution are added to the dis- 
tillate, which is titrated with standard 0.01 N sodium hydroxide. The end point 
is a pink color which persists for 30 sec. 


MICRO GRAVIMETRIC INORGANIC ANALYSIS 


MICRODETERMINATION OF SODIUM AS SODIUM-ZINC- 

URANYL ACETATE 

Principle.— Sodium can be determined on the milligram scale by precipitation 
in form of sodium-zinc-uranyl acetate NaZn(U0->)3(CH 3 C00) 9 *9H.,0. Because the 
precipitate is significantly soluble in water, a concentrated solution of the reagent 
is used, and the product is washed with the reagent solution, 
followed by alcohol and ether. 

Apparatus .— Porcelain crucible and filterstick (see Fig. 18-44). 

Procedure. Preparation of the Reagent.— A solution con- 
taining 6 g. of zinc acetate trihydrate, 0.2 ml. of glacial acetic 
acid, and 10 ml. of distilled water, and another solution con- 
taining 2 g. of uranyl acetate dihydrate, 0.4 ml. of glacial acetic 
acid, and 10 ml. of distilled water are separately prepared. 

Ten ml. of each solution are combined, thoroughly mixed and 
allowed to stand for 2 days before use. 

Precipitation and Determination.— Into the crucible (pre- 
viously weighed with the filterstick) is added the sample con- 
taining 0.3 to 1 mg. of sodium. Solid substance is introduced 
by means of the weighing tube (Fig. 18-12). Solution is intro- 
duced by a transfer pipet and then evaporated to dryness. The 
sample is dissolved in 0.15 to 0.25 ml. of distilled water, and 
10 times the volume of the zinc uranyl acetate reagent solution 
are introduced in the following manner: a graduated pipet is Attachment for Fil- 
connected to a glass tubing with constriction, and holding a tration of Reagent 
filter paper roll as shown in Fig. 18-66; the glass tubing and Solution. ° 

filter paper are dipped into the zinc uranyl reagent solution 
and a suitable volume is sucked into the buret; then the buret is lifted up, the filter 
papet toll is discarded, and the required volume is delivered into the crucible. 

The reaction mixture is allowed to stand for 1 hr. The filterstick is placed in 
position and the supernatant liquid is removed by inverted filtration The pre- 
cipitate is washed 3 times with 95% ethanol and once with diethyl ether. The 
crucible and its contents are dried in a vacuum desiccator for 15 min. and weighed. 



MICRODETERMINATION OF ALUMINUM AS OXINATE 

Principle.— The aluminum compound is dissolved in dilute hydrochloric acid and 
an excess of 8-hydroxyquinoline reagent is added. The reaction mixture is’neu- 
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tralized with ammonium acetate to produce a quantitative precipitation of the 
chelate compound, aluminum oxinatc. The precipitate is freed from the mother 
liquor, washed, dried at 140*C., and weighed. One mg. of aluminum oxinate 
contains 0.0587 mg. of aluminum. 

Apparatus. Reaction Tube and Filterstick.— The assembly shown in Fig. 1853 
(see “Microdetermination of the Carbonyl Group by Hydrazone Precipitation,’' 
p. 410) is used. The reaction tube need not have a capacity greater than 15 ml. 

Procedure .— 1 The sample containing about 0.5 mg. of aluminum is accurately 
weighed into the reaction vessel and dissolved in a minimum volume of 0.2 N 
hydrochloric acid. The reaction vessel may be heated at 100°C. to facilitate dis- 
solution ol the sample. Into the reaction vessel is then delivered 1 ml. of the 
oxine reagent (2% hydroxyquinoline in 1 N acetic acid). After keeping the re- 
action mixture at 100°C. for 2 miu., 2 N ammonium acetate solution is added 
until a cloudiness is produced. Heating is continued for 2 to 3 min. until the 
precipitate begins to coagulate. Now 1 ml. more of 2 A' ammonium acetate is 
added, followed by a few drops of the oxine reagent to test for complete precipi- 
tation. After 10 min. the reaction vessel is removed from the heating bath. The 
mother liquor is filtered off and the precipitate is washed 5 times with 1-ml. por- 
tions of distilled water. The reaction vessel and its contents arc dried at 14Q'C. 
for 30 min., cooled to room temperature, and weighed. 



To Aspirator 


MICRODETERMINATION OF CALCIUM AND MAGNESIUM 
IN LIMESTONE 

Principle.— The limestone sample is fused with sodium carbonate-potassium car- 
bonate mixture. The fusion is treated with hydrochloric acid. After the removal 
of silica, the solution is made alkaline to precipitate iron and aluminum hydrox- 
ides. Calcium is determined in the filtrate as the oxalate 
monohydrate. After the separation of calcium, magnesium 
is 2 >recipitj(cd in the form of magnesium ammonium phos- 
phate lvexahydrate and weighed as such. 50 

Apparatus. Platinum Crucible.— Crucible, 15-inl. ca- 
pacity, with lid. 

Reaction Tube and Filterstick.— See "Microdetermina- 
tion of the Carbonyl Group by Hydrazone Precipitation,” 
above, p. 410. 

Micro Water Bath.— This is constructed from an Erlen- 
meyer flask and adapter as shown in Fig, 18-67. 

Procedure. Preparation of the Sample and Fusion.— 
The limestone is finely ground in an agate mortar, screened 
through the micro sieve (Fig. 18-9), and a representative 
sample is obtained by quartering. About 5 mg. of the 
sample are accurately weighed into the platinum crucible 
by means of the micro-weighing tube (Fig. 18-12). Ten mg. of 1:1 sodium carbonate- 
potassium carbonate mixture are introduced to cover the sample. The crucible is 
covered and its contents are heated with an oxidizing flame for 2 min. 

Removal of Silica.— Upon cooling, the lid of the platinum crucible is lifted up, 
and a few drops of distilled water are run dowii through the lid into the crucible 


Tig. 18-67. Micio Water 
Bath. 


56 Benedetti-Pichler, A. A., Uacer, A. T., and Sozzl, J. A., Anales Tarm. Bioquim, Buenos 
Aires, 12, 13, 1941. 
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to moisten the fusion. One drop of 0.1% methyl red indicator solution is added. 
Usin- a dropper with fine capillary tip, 6 N hydrochlonc acid is carefully intro- 
duced along the walls of the crucible, until the solution in the crucible turns red. 
The solution is dien evaporated on the steam bath or metal block. A vent tu e, 
which is connected to the water aspirator, is placed above the surface of the sou- 
don (as shown in Fig. 18-67) to hasten evaporation and remove acid fumes. The 
residue in the crucible is heated at 120°C. for 40 min. Upon cooling, 0.5 ml. of 6 
A t hydrochloric acid is added, and the crucible is heated at 100°C. for 15 min. A few 
drops of 6 M hydrochloric acid are added from time to time to keep the volume 
constant. Then 0.5 ml. of distilled water is added, and the heating is continued 
for another 5 min. Calcium and magnesium are brought into solution while silica 
remains insoluble. A filterstick is now immersed into the liquid and the cleai 
solution is siphoned over and collected in a reaction tube. The platinum crucible 
and filterstick are rinsed with four 0.2-ml. portions of hot 0.1 M hydrochloric acid. 

Removal of Iron, Aluminum, and the Remainder of Silica.— The solution in 
die above reaction tube is treated with a few drops of bromine water to convert 
all iron to die ferric state. The excess of bromine is removed by warming the 
contents of die reaction tube and aspirating the vapors. A drop of 0.1% methyl 
red indicator solution is then added. If the red coloration fades immediately, the 
treatment for the elimination of bromine is repeated. After the removal of bro- 
mine, 6 N ammonium hydroxide is introduced dropwise until the red color of the 
solution turns yellow. The contents of die reaction tube are heated at 100°C. for 
2 min. to coagulate the precipitate. The liquid containing calcium and magne- 
sium is then transferred, by means of the filterstick, into a clean reaction tube, 
which was previously weighed with its accompanying filterstick. Four 0.2-ml. por- 
tions of 3% ammonium chloride solution are used for rinsing. 

Determination of Calcium.— To the above reaction tube containing calcium and 
magnesium ions are added 0.4 ml. of 6 N hydrochloric acid and 0.6 ml. of 3% 
oxalic acid for every 5 mg. of limestone taken. The resulting solution is then 
treated with 6 A 7 ammonium hydroxide, which is introduced drop by drop until a 
cloudiness is produced. Then the reaction tube is heated in the steam bath oi 
metal block and its contents are swirled from time to time until the turbidity dis- 
appears. The solution is diluted, while hot, with distilled water to about 6 ml. 
after adding one drop of 0.1% methyl red indicator solution, 0.6 N ammonium 
hydroxide is introduced dropwise until the color changes to yellow. The contents 
of the reaction tube are allowed to cool and stand for 1 hr., or until the pre- 
cipitate settles in the bottom. The filterstick is immersed in the clear supernatant 
liquid, which is transferred into another preweighed reaction tube. The precipi- 
tate (CaCUO^ ■ HoO) is washed with four 0.75-ml. portions of cold water. The re- 
action tube and its contents are dried at 100°C. to constant weight. 

Removal of Ammonia and Oxalic Acid.-The reaction tube rontainino- the fil- 
tiate and washings is placed on the steam bath, and the solution is acidified by 
adding 1 drop of 6 N hydrochloric acid, and then evaporated to dryness The 
reaction tube is now damped at an angle of 20° to the horizontal and heated with 
a small flame to remove the ammonium salts. Oxalic acid sublimes from one nan 
of the reaction tube to the oilier and cannot be removed by heatiim alone The 
reaction tube is allowed to cool to room temperature and 0.05 ml. of concentrated 
sul uric acid is added. By means of a small flame the acid is made to distil up the 
iv alls of the beaker and flow over all sublimates of oxalic acid. Finally the whole 
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reaction tube is heated with the Bunsen burner until all the sulfuric acid is ex* 
pelled. 

Determination of Magnesium.— The contents of the reaction tube are allowed to 
cool, and are redissolved by adding 1.0 ml. of 3 AT hydrochloric acid for 5 mg. of 
limestone taken for analysis. The acid is added dropwise just below the rim of the 
inclined reaction tube, which is rotated so that successive drops of solvent cover 
the whole wall. The reaction tube is placed 
on the steam bath for 1 min. If the solution 
appears turbid, it is filtered into another pre- 
weighed reaction tube and the preceding re- 
action tube is rinsed with four 0.5-ml. portions 
of distilled water. One drop of 0.1% methyl 
red indicator solution is added, followed by 
Fic. 18-68. Micro Drying Tube. about 1 mg. of solid ammonium citrate. The 

(Courtesy Microchemie.) reaction tube is placed on the steam bath and 

its contents are neutralized by adding 0.6 N 
ammonia, until the red color changes to yellow. For every 5 mg. of limestone taken 
for analysis, 0.2 ml. of 1:1 mixture of 6 N ammonia and 10% sodium phosphate 
solution is now added. The contents of the reaction tube are mixed by swirling, and 
are allowed to stand under cover for 6 hr., or until the originally gelatinous precipi- 
tate has been completely converted into the coarsely crystalline Mg(NH 4 )PO 4 *6H 2 0. 
The filterstick is introduced and the supernatant liquid is removed. The precipitate 
is washed with four 1-ml. portions of 0.6 N ammonium hydroxide, two I -ml. portions 
of ethanol, and 1 ml. of diethyl ether. The reaction tube containing the precipitate 
and filterstick is now placed in the drying tube 37 shown in Fig. 18-68. A current 
of dry air is passed through die drying tube, which should not be heated. After 
15 min., the reaction tube and its contents are removed from the drying tube and 
weighed. 

MICRODETERMINATION OF SILICA IN MINERAL SILICATE 

Principle .— The silicate sample is converted into sodium silicate by fusion with 
sodium carbonate. The sodium silicate is decomposed by adding hydrochloric 
acid, and the precipitated silicic acid is dehydrated and rendered insoluble by re- 
peated evaporation with hydrochloric acid followed by baking. Soluble salts are 
removed by washing and filtration, the ignited crude silica is weighed. The loss 
observed when the silica is removed by treatment with hydrofluoric acid gives the 
actual amount of silica present. A small loss of silica occurs during the filtration 
process owing to slight solubility. For the most accurate results, tin's silica should 
be recovered; the method described will, however, give results sufficiently accurate 
for most purposes. 58 

Apparatus. Platinum Crucible.— Crucible, I5-ml. capacity with lid, 

Filterstick.— See “Microdetermination of the Carbonyl Group by Hydrazone Pre- 
cipitation,” above, p. 410. The filter paper roll should be ashless. 

Procedure. Preparation of the Sample and Fusion.— A representative sample is 
prepared as described under "Microdetermination of Calcium and Magnesium in 
Limestone,” above, p. 430. Into the preweighed platinum crucible are added 8 to 
10 mg. of the sample, and the crucible is reweighed. Anhydrous sodium carbonate 
amounting to about 4 times the bulk of the mineral silicate is added. The mixture 

57 Schench, R. T. E., and Ma, T. S., Mihrochemie, 40, 243, 1953. 

« 8 Biiscoe, H. V. A., and Holt, P. F., Inorganic Micro- Analysis, Arnold, London, 1950, 
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is fused for 10 min., the temperature being slowly increased to the maximum - 
ing the first 2 or 3 min. Upon cooling, 1 ml. of distilled water is added m o t 
crucible, and the lid is rinsed to wash down particles which may have splas e 
on it The uncovered platinum crucible and its contents are placed on a flat glass 
surface adjacent to a 25-mi. beaker containing concentrated hydrochloric acid. 
The two crucibles are covered with an inverted crystallizing dish and allowec to 
stand overnight so that the carbonates and silicates decompose gradually by ab- 
sorption of hydrochloric acid vapor without risk of splashing. Then the cover is 
removed and 2 drops of concentrated hydrochloric acid are added into the platinum 


crucible. 

Baking and Filtration. — The contents of the platinum crucible are evaporated 
to dryness on the steam bath (Fig. 18-68), the process being hastened by placing a 
bent tube connected to the water aspirator above the surface of the liquid. The 
residue in the crucible is then heated on the metal block at 110°C. for 30 min. 
The crucible is cooled slightly, and 0.25 ml. of concentrated hydrochloric acid is 
added, followed by 1 ml. of distilled water. The solution is again evaporated and 
this process of acidification, evaporation, and baking is repeated twice. Finally 1 
ml. of distilled water and 0.25 ml. of concentrated hydrochloric acid are added 
and the contents of the crucible are warmed for 1 min. on the steam bath. Upon 
cooling, tire filterstick is immersed, the liquid is filtered off, and the precipitate is 
washed with four 0.5-ml. portions of 6 N hydrochloric acid, or until the filtrate 
becomes colorless, then with 0.5 ml. of ethanol. The filterstick is lifted up and the 
filter paper roll is extracted with a pair of forceps and dropped into the crucible. 
After replacing die lid, the crucible and its contents are dried at 100°C. The 
residue is then ignited at 900 °C. to constant weight, which is recorded. 

Treatment with Hydrofluoric Acid.—' Three or 4 drops of hydrochloric acid are 
added into die above crucible containing silica and other insoluble matters so 
diat die solid is moistened. One drop of concentrated sulfuric acid is added. The 
crucible lid is replaced, and the crucible is heated with a gentle flame, and finally 
ignited for 5 min. The crucible and residue are cooled to room temperature and 
weighed. The difference in weight betwen the crude silica and the residue after 
treatment with hydrofluoric acid is the weight of silica present in die sample taken 
for analysis. 


MICRODETERMINATION OF COPPER AND NICKEL 
IN GERMAN SILVER 

Principle.— The copper-nickel alloy is dissolved in the sulfuric-nitric acid nrix- 
ture. Copper is separated by electrolysis and weighed on the electrode. Nickel 
remaining in the solution is determined by precipitation and weighing of its di- 
methylglyoxime chelate. 59 

Apparatus. Apparatus for Electrodeposition.« 9 -A simple micro electrolysis ap- 
paratus was described by Benedetti-Pichler (Fig. 18-69). The electrolysis cell is a 
test tube of 16-mm. diameter and 105-mm. length. The cathode consists of a 
cylinder of platinum gauze wire of 1-mm. diameter. The end of the wire is bent 
to a hook so that the cathode may be suspended above the pan of the balance 
horn the hook attached to the stirrup. The gauze cylinder is reinforced at base 

J ” S< ""' J ' A " ami A. A., I„d. Eng. Chera., Anal. Ed.. 
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and top by strong wires, which are welded to the gauze before it is bent into cylin. 
drical shape. Three small glass beads are fused at equal distances from one to 
another on each of these 2 reinforcing wires. The beads are attached to the base 
and top of the cylindrical electrode so that they point outward. In this way the 



Tic.. 18 G9. Apparatus foi Micro Elcctrodeposilitm. (Reprinted with permission from 
A. A. Ben edetti • Pichlcr, Introduction lo the Microtechnique of Inorganic Analysis, 19*-' 
John Wiley and Sons, Inc) 

metal deposited on the cathode can easily be prevented from touching the walls 
of the test tube when the electrode is removed. 

The anode consists of a platinum wire 0.5 mm. in diameter, which is wound in 
die form of a helix around the lower part of the ascending arm of the siphon. 
The siphon is bent from glass tubing of 2 mm. bore. Two pairs of glass horns 
keep the anode in its proper position. The stem of the small funnel is wide 
enough to permit sliding the funnel up and down along the siphon. 
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The wide suction tube contains a short test tube of 15-ml. capacity for the col- 
lection of electrolyte and washings. The 3-way stopcock a lows the suction tube 
to be connected with either a supply of inert gas or with the vacuum line. The 
electric current is furnished by a storage battery that gives 4 volts. A variable 
resistance of 50 to 100 ohms is inserted in series with the electiolytic cell, and a 
voltmeter is hooked up parallel to the cell. Connection with the electrodes is best 
made by means of small clips which grasp the wires with smooth, polished sui- 
faces (at the points indicated in Fig. 18-69 by plus and minus signs). 

Reaction Tube and Filterstick.— See Fig. 1S-53. 

Procedure . Preparation of the Sample. — With the empty electrolytic cell held at 
an inclined position, about 5 ml. of the alloy is accurately weighed into die bot- 
tom of die cell by means of the microweighing tube with long handle (Fig. 18-12). 
To cover die sample, 0.05 ml. of distilled water is introduced. Then 0.02 ml. 
of concentrated nitric acid is gradually added along the walls of the cell to dis- 
solve the alloy, warming die mixture gently if necessary. This is followed by the 
cautious addition of 0.01 ml. of concentrated sulfuric acid. When the liberation 
of nitrogen oxide ceases, the electrolytic cell is washed along its walls with 0.5 
ml. of distilled water. The solution is heated on the steam bath for 5 min. while 
a bent tube connected to the water aspirator is inserted into die electrolytic cell 
to remove the nitrogen oxide given off by the reaction mixture. 

Electro-deposition of Copper.— The platinum wire gauze cathode is placed in a 
short test tube which is half filled widi concentrated nitric acid. The test tube is 
heated on die steam badi for a few minutes. The electrode is removed, rinsed 
with distilled water, and then dipped successively into 2 large test tubes contain- 
ing distilled water. It is finally ignited over an oxidizing flame, cooled to room 
temperature, and accurately weighed. 

The platinum cathode is now placed inside the electrolytic cell containing the 
solution of copper and nickel. One drop of 95% ethanol is added to decrease the 
stability of die spray, 01 and then sufficient 2 N sulfuric acicl is introduced to bring 
the liquid level to near the top of the gauze cylinder. The anode is now in- 
serted into the electrolytic cell and die apparatus is assembled (as shown in Fig. 
18-69; die 15-ml. test tube being previously weighed with the accompanying filter- 
stick), while a slow current of nitrogen passes through the suction tube and siphon. 
The gas flow rate is adjusted to obtain about 1 bubble in 3 sec. This is necessary 
to prevent die solution from entering the siphon before die complete precipitation 
of copper. The small funnel is made to rest on the opening of the electrolytic 
cell, and the space between the stem of the funnel and the siphon is sealed by 
adding a drop of water. After making the electric connections, the electrolyte is 
heated to 70°C. in the heating stage. Electrolysis is now started with 2.7 to 3.1 
volts across the electrodes. Five min. after the appearance of the copper deposit 
the color of the electrolyte will indicate that most of the copper has been pre- 
cipitated. While the electrolysis is continued, the solution is heated to boiliim 
and die ring of condensate is allowed to rise close to the opening of the cell. The 
heating stage is then removed. The funnel and top of the electrolytic cell are 
rinsed with a few drops of water. The electrolysis is continued for another 10 
mm During the second half of this period the electrolyte is cooled by immersing 
d.e lower part of the electrolytic cell in a beaker containing cold water The vari 
ablejs, stance ts continuously adjusted so as to prevent the e.m.f. from exceeding 


61 Benedetti-Pichler, A. A., Z. Anal. Chem., 62, 321, 1923. 



436 QUANTITATIVE MICROCHEMICAL ANALYSIS 

Without intcirupting die current, the electrolyte is completely siphoned into the 
15 ml. test tube by the application of light suction. The suction is then inter- 
rupted, and the electrolytic cell and lunnel are rinsed with distilled water until 
the gauze cylinder of the cathode is again completely immersed. A slow stream 
of nitrogen is conducted through die wash liquid for 2 min., after which the wash 
liquid is siphoned into die 15-ml. test tube. This process is repeated twice. Finally 
the suction is interrupted and the platinum wire gauze is again covered with dis- 
tilled water. The siphon and anode are removed, and immediately afterwards, the 
cathode. The latter is quickly placed in a large test tube containing distilled water. 

Weighing of the Cathode with the Copper Deposit.— The cathode is rinsed by 
immersing it successively in 2 large test tubes containing distilled water. The excess 
of water is removed by gently shaking the electrode, which is then dried by healing 
at a position 300 mm. above a noiihiminous Bunsen flame. The electrode is hung 
on the glass rod to acquire room temperature, and weighed after 5 min. The 
increase in weight is the amount of copper in the sample taken. 

Determination of Nickel.— The 15-ml. test tube containing the nickel solution 
is removed from the suction tube of the electrolytic apparatus and heated on the 
steam bath to concentrate the solution to about 2 ml. Then are added 0.03 ml. 
of 6 N hydrochloric acid, 1 mg. of ammonium citrate, and 0.03 ml. of 0.1% metlijl 
red indicator solution. The contents of tire lest tube are mixed by swirling from 
time to time while 6 N ammonium hydroxide is added until the color of the solu- 
tion changes to yellow. The alkaline solution must remain perfectly clear. It is 
then diluted to about 4 ml. and heated on the steam bath. Micro drops of satu- 
rated ethanolic solution of dimcthylglyoximc are introduced by means of a pipet 
with a fine capillary tip. The contents of the test tube arc mixed after the addi- 
tion of each drop of reagent. The red nickel climcthylglyoxiinate precipitates and 
settles rapidly to the bottom of the test tube. Hence, it is easy to recognize when 
the precipitation is complete. Now 3 more drops of the reagent are added, followed 
by a volume of distilled water equal to the total amount of the oxime reagent. 
The test tube with the precipitate is placed on the steam bath for 10 min. It is 
then allowed to stand lor 30 min. before filtration by means of the filterstick, which 
was previously weighed with the test tube. The test tube and precipitate are 
washed with four 2-ml. portions of hot water. After the hot wash liquid is com- 
pletely sucked off, the test tube, filterstick, and nickel dimethylglyoximate are dried 
at 120°C. for 20 min. and reweighed. 

MICRO TITRIMETRIC INORGANIC ANALYSIS 

MICRODETERMINATION OF WATER BY TITRATION WITH 
THE KARL FISCHER REAGENT 

Principle .— The Karl Fischer reagent used in this experiment is a mixture con- 
taining iodine, sulfur dioxide, and pyridine in a large amount of anhydrous methyl 
tellosolve. On reacting with water, the iodine is converted to iodide: 

H 2 0 + I 2 + S0 2 + 3CtHjN -> 2 C s HsN-HI -f CjHjNOCSOz) 

The end point of the titration is determined electrometrically by the “dead stop 
method. This is based on the depolarization of the electrodes when an excess o 
free iodine appears in the solution. 
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Abbaratus. Assembly for Micro Titration of Water.-The assembly consists oJ 
the Wiberley microburet 02 and a special reaction vessel. As shown in Fig. 18-70, 

e reaction vessel. A, is connected to the microburet by means of the ground-glass 
ohn, and is provided with 3 side arms, C. D. and E. D and £ are for the insertion 
of tire electrodes and the tube with stopcock respec- 
tively. The side arm, C, is parallel to the base of the 
flask, and carries a Teflon plunger 60 mm. long. The 
end of the plunger is cut out to form a trough which 
holds the microboat, 1 B. 

“Dead Stop” Indicator.-This is commercially avail- 
able. 03 

Magnetic Stirrer.-Any type of magnetic stirrer may 
be used. The stirring bar should have a diameter 
less than 3 mm. 

Procedure. Preparation of the Karl Fischer Re- 
agent.-A stock solution of the Karl Fischer reagent 
with water equivalent of about 6 mg. per milliliter is 
prepared as follows: into a 1-liter volumetric flask 
are added 133 g. of iodine (reagent grade) dissolved 
in 425 ml. of anhydrous pyridine, followed by 425 
ml. of methyl cellosolve; the volumetric flask is 
closed with the stopper and placed in an ice bath; 
meanwhile 70 ml. of anhydrous liquid sulfur diox- 
ide are collected, from a tank of pure sulfur dioxide, 
into a large test tube immersed in the dry ice- 
acetone cooling mixture; the liquid sulfur dioxide 
is poured into the volumetric flask in small por- 
tions, with constant swirling; the approximate 
strength of the stock solution is determined by 
titrating it against sodium tartrate dihydrate. Then 
a suitable portion of the stock solution is diluted 
with the appropriate volume of anhydrous methyl 
cellosolve to obtain a standard solution with the 
water equivalent of about 2 mg. per milliliter. This 
solution is transferred into the reservoir, H , of the 
microburet (Fig. 18-70). The funnel, I, is closed 
with a drying tube. After standing overnight, the 
exact water equivalent of tire standard solution is 
determined by titrating a known sample of sodium 
tartrate dihydrate against it. 

Determination of Water.-The apparatus is assem- 
bled as shown in Fig. 18-70. If the sample is a solid, 
it is accurately weighed into a platinum microboat 
which is then placed in the plunger and inserted through the side arm r of 
action vessel. Two ml. of anhydrous methanol are delivered ; n J h ' f h 
through the side arm, * by Lmentarily 

electrodes are put in place drrough the side arm n tIip ^ e 

to drop tire microboat with the sample into the' methanol P ^hfmagSc S 



Fic. 18-70. Assembly for Mi- 
crotitration of Water. 
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is switched on, and the Karl Fischer reagent is added from the microburet until 
the end point is shown by the “dead stop” indicator. 

If the sample is a liquid, it is measured by means of a pipet and introduced into 
the reaction vessel through the side arm, E. Enough anhydrous methanol is added 
to bring the volume of solution in the reaction vessel to 2 ml. A blank should 
be performed in both cases, using the same procedure and amount of methanol. 

MICRODETERMINATION OF CHLORIDE BY TITRATION 
WITH MERCURIC NITRATE SOLUTION 

Principle.— This method is based on die formation of mercuric chloride, which 
is only very slightly dissociated, and of the colored mercury diphenylcarbazide com- 
plex. The chloride ions in nitric acid solution are titrated with standardized solu- 
tion of mercuric nitrate containing nitric acid. As indicator, 0.1% methanolic so- 
lution of diphenylcarbazide is added; the end point is the appearance of violet 
color. 04 Needless to say, substances that form precipitates or stable complexes 
with mercury should be absent. 

Apparatus.— No special apparatus is required. 

Procedure .— The sample, containing about 3 mg. of chloride, is accurately meas- 
uied into a 50-ml. Erlemnejer llask. Solids, which are neutral salts, are dissolved 
in 5 ml. of 0.01 N nitric acid. If tire sample is a liquid, it is made up to 5 ml. 
with 0 01 N nitric acid and the pH is adjusted to 2.0 by adding nitric acid or sodium 
hydi oxide solution. Next, 0.5 ml. of the 0.1% diphenylcarbazide in methanol is 
introduced. The contents of the Erlenmejer flask are titrated by the standardized 
0.01 N mercuric chloride solution (in 0.01 N nitric acid). The titration is per- 
formed against a white background in the daylight, or under a fluorescent lamp. 
The end point is reached when a permanent bluish violet color appears. In case 
the operator is not familiar with the color change, the “comparison method" for 
determining the end point is recommended. This consists of setting up alongside 
the titration vessel another 50-ml. flask containing the same amount of the indi- 
cator solution in 10 ml. of 0.01 N nitric acid. A measured amount of the stand- 
ardized 0.01 N mercuric chloride solution is added to the comparison flask to pro- 
duce the necessary indicator color change. The unknown solution is then titrated 
until the color is identical in tinge with that of lire blank. In the subsequent cal- 
culation, the volume of reagent added to the blank is subtracted from the observed 
titration figure. 

MICRODETERMINATION OF CHLORIDE BY TITRATION 
WITH SILVER NITRATE SOLUTION 

Principle,— The chloride ions in a neutral solution are precipitated as silver 
chloride by titration with 0.01 N silver nitrate solution. Dichlorofluorescein is 
utilized as the adsorption indicator. Acetone is added to the solution to facilitate 
the observation of the end point. 

Apparatus .— No special apparatus is required. 

Procedure .— Tlie accurately measured sample, containing about 3 mg. of chloride, 
is dissolved in (or diluted to) 5 ml. with distilled water. Three ml. of acetone 
are added, followed by 2 to 4 drops of 0.02% ethanolic dichlorofluorescein indicator 
solution. If the solution is neutral, it should have a greenish fluorescence. Other- 
wise, the pH of the solution is adjusted to 7.0 by adding very dilute nitric acid or 

04 Roberts, I., Ind. Eng. Chein., Anal. Ed., 8, 365, 1936. 
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sodium hydroxide solution. The neutral solution is now titrated with the standard- 
Led 001 N silver nitrate solution until the color changes from greenish to pink 
or red Since the transition point is observed by the color change in a turbid 
mixture, it is recommended to perform the titration in a darkened room, anc 
view the titration flask against a darkened background in a beam of tiansmitted 

light. 


MICRODETERMINATION OF IRON BY CERIC OXIDIMETRY 

Principle— Iron is brought into solution as ferric ions, which are then reduced 
to the ferrous state. The solution containing Fe(II) is titrated with the standardized 
0 01 N ceric sulfate solution using Ferroin (o-phenanthroline) as the internal indi- 
cator. It should be noted that 0.01 N ceric sulfate is very unstable, and has to be 
freshly prepared. It is standardized against a 0.01 N ferrous ammonium sulfate 
solution containing a little sulfuric acid to prevent hydrolysis. Ceric sulfate ox- 
idimetry has an advantage over potassium permanganate, as the former can be 
used in die presence of hydrochloric acid, which is oxidized by permanganate but 
not by ceric ions. 65 

Apparatus. Silver Reductor.^-This is constructed from a glass tube of 7-mm. 
diameter and 200-mm. lengdi. The top is fitted with a funnel and the bottom 
joined to a stopcock and capillary tube. The packing is prepared as follows: 10 g. 
of silver nitrate are dissolved in 0.02 N nitric acid in a test tube; a strip of copper 
foil is immersed into the solution until all the silver is precipitated, and dien 
shaken down to the bottom of the tube; the copper foil is removed and the metallic 
silver is washed with dilute sulfuric acid until die washing is free from copper. 

Procedure .— The sample, equivalent to about 5 mg. of iron, is accurately weighed 
and dissolved in hydrochloric acid. The final solution should have a volume of 
about 20 ml., and be adjusted to a pH of 0 by means of hydrochloric acid or sodium 
hydroxide solution. The ferric chloride solution is then poured through the silver 
recluctor at a moderately slow rate and allowed to fall into a 100-ml. Erlenmeyer 
flask, through which a current of nitrogen is passing to exclude oxygen. The 
reductor tube is rinsed through with 10 ml. of 1 N hydrochloric acid and the 
rinsing is collected in die Erlenmeyer flask. With nitrogen still passing, 2 to 4 
drops of 0.1% Ferroin indicator solution are added, and the contents of the flask 
are titrated with the 0.01 N ceric sulfate solution, freshly prepared from the 0.1 N 
stock solution. The color change at the end point is compared directly with the 
standard 0.01 N ferrous ammonium sulfate solution, which has been just oxidized 
with the same 0.01 N ceric sulfate for the purpose of standardization. 


MICRODETERMINATION OF GOLD BY HYDROQUIN ONE 

REDUCTOMETRY 

Principle.— The gold sample is brought into solution as chlorauric acid. When 
this is treated with o-diamsidine, a color is produced. Titration with the stand 
ardized hydroqumone solution reduces the gold from trivalent to the metallic stare 
with consequent disappearance of the red color. 6 ' 

Apparatus.— No special apparatus is required. 

G “ Furman, N. H., in Bottger, W., eel.. Newer Methods of Volumetric Chemist \ i • 
D. Van Nostrand Co., Inc., Princeton, 1938 euic ‘-‘benncal Analysis, 

6 - P a u N j ei “r\ ber §- C " and hlumendahl, H., Microchemie, 18 39 1933 

6 ‘ Pollard, W„ Analyst, 62, 597, 1937. ’ * iy;55 - 
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Procedure.— The ore or alloy, containing about 2 mg. of gold, is treated first with 
nitric acid. The resulting gold is then dissolved in bromine water and aerated 
to remove excess of bromine. If the gold is already in solution it is made about N 
acid with hydrochloric acid. Trace amounts of gold in solution are concentrated 
by coprecipitatiott with tellurium as follows: a tellurium solution is prepared by 
dissolving 0.5 g. of tellurium metal in 0.5 ml. of nitric acid and 2 ml. of hydro- 
chloric acid; the solution is evaporated to remove nitric acid, and then 2.5 ml. of 
concentrated hydrochloric acid are added, and the solution is diluted to 50 ml.; 
2 ml. of this solution are added to each liter of solution containing gold, as low 
as one part in a thousand million; sulfur dioxide gas is passed in until saturation, 
and the solution is allowed to stand overnight. The tellurium comes down in 
granular form and carries with it any gold. The precipitate is filtered by suction, 
and the precipitate and filter paper are transferred to a small crucible, dried, and 
ignited to remove most of the tellurium. After cooling, the residue in the crucible 
is treated with 0.3 nil. of concentrated hydrochloric acid and 0.1 ml. of concentrated 
nitric acid. The crucible is then placed on a water bath for 15 min. to dissolve 
the precipitated gold. Then a bent tube attached to the water aspirator is placed 
above the liquid so that air can be drawn over its surface for above 5 min., wherein 
all nitrogen oxides and free chlorine are removed. 

To the solution in the crucible are now added 1 ml. of 5% potassium fluoride 
buffer solution and 1 ml. of the o-dianisidine indicator solution (prepared by dis- 
solving 50 mg. of o dianisidine in 20 ml. of water, adding 0.2 ml. of concentrated 
hydrochloric acid and diluting to 50 ml. with distilled water). Immediately, the 
solution is titrated with the standardized hydroquinone solution (1 ml. equivalent 
to 1 mg. Au; prepared by dissolving 418.6 mg. of pure hydroquinone in 200 ml. 
of distilled water, adding 10 ml. of concentrated hydrochloric acid and making up 
to 500 ml.). The end point is the disappearance of the red color. 

MICRODETERMINATION OF MOLECULAR WEIGHTS 
THE CRYOSCOPIC METHOD 

Principle .— The sample is mixed with a known amount of a suitable solid, in 
whose melt it dissolves without chemical change. The melting point of die mixture 
is determined and compared with that of the pure solid solvent. The molecular 
weight is calculated from the depression of the melting point. Camphor is com- 
monly used as the solvent because it gives a large inolal depression value. This 
mediod is applicable to the determination of molecular weights of organic com- 
pounds only. 

The micro cryoscopic method is usually called the micro-Rast method for deter- 
mining molecular weights. As can be seen from the procedure described below, 
however, the technique used is different from the semimicro method, which works 
with decigram quantities of the solid mixture. 68 Less than one mg. of the sample 
is needed in the micro method, and the result is in general more reliable than 
that obtained by using many times the amount of sample. 

Apparatus. Melting Point Tube.— The ordinary melting point capillary should 
not be used in the micro cryoscopic method for determining molecular weight, 
because it is not suitable for the introduction of a measured amount of material 
into the bottom and for sealing the sample without any loss. The melting point 

68 Rast, K., Berichte, 55B, 1051, 1922. 
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, , • rr;,,. is .71 it is made from 10-mm. soft glass 

tube n S ed P o e „ S t and the tapered section of appropriate dimension is 

chosen. Tht na^w end is closed to form a round bottom. A stmple way to 


(a) 



te) < - 

Fig. 18-71. Making the Melting Point Tube for Micro Cryoscopic Method for Molecular 

Weight Determination. 

accomplish this is as follows: (a) the narrow end is heated over a fine flame and 
drawn out rapidly to a long fine thread; (b) the point near the narrow end of the 
tapered tube is cut by means of the ampoule cutter; (c) the tapered tube is held 
by the diumb and middle finger and the wide end is stoppered by means of the 
index finger; (cl) the tip is heated over a fine flame to close the narrow end, which 
is simultaneously blown out to a round bottom 

due to the expansion of the trapped air. The < ~ 1 ~ ~ : ~ ~~ : zs-Z" 

finished melting point tube (e) should have a pw ^ for Deliver . 

length of about 40 mm., and inside diameter i n „ Semi-Solid, 

of about 1.5 mm. at the bottom and 4 mm. at 

the open end. Needless to say, the walls of the melting point tube should be as 
thin as practicable. 

Capillary and Plunger.— See Fig. 1S-50. Two sets are required, one for solid 
sample and the other for the solvent. The capillary for semi-solid is shown in 
Fig. 18-72. 

Procedure. Preparation of the Sample.— If the sample is a solid, it is finely 
ground and placed on the micro agate mortar or watch glass. The melting point 
tube is held in an upright position by inserting it into a tare flask (Fig. 18-3(b), 
but without lead shots), and the two are weighed together on the microbalance. 
They are then removed from the microbalance pan and placed in front of the 
balance case. About 0.5 mg. of the solid sample is pushed into the capillary-and- 
plunger combination. The latter is wiped with a fine brush, and carefully inserted 
into the^ melting point tube until the sample is about 2 mm. from the bottom 
(Fig. 18-73). If the sample is a semi-solicl it is picked up by touching the tip of 
the micro glass rod (Fig. 18-72) into the sample container and brought inside the 
melting point tube. In either case, precautions are taken so that no sample 
touches the upper 30 mm. of the melting point tube. The solid sample is trans- 
ferred into the melting point tube by being pushed with the plunger- the semi 
solid sample is transferred by touching the tip of the micro glass rod to ’the bottom 
of the melting point tube. 
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After the proper weight of the sample has been introduced into the melting point 
tube, about 10 times its weight of finely powdered camphor (or other suitable 
solvent) is now added by means of the second (and larger) ca pill ary-and-pl unger 
combination. The tare flask, melting point tube, and its con- 
tents are again weighed accurately to obtain the exact weight 
of the solvent added. 

Determination oi the Melting Point.— The melting point 
tube is removed from the tare flask and scaled in the following 
manner (Fig. 18-74: (a) a micro glass rod is affixed onto die 
open end of the melting point tube over a fine flame; (b) the 
melting point tube is heated at a position about 25 mm. from 
the sample and solvent until the tube is sealed; (c) the section 
of the melting point tube to the right of the seal is heated 
until the glass softens to give a solid rod which is drawn out 
to form a handle, (d). 

Another melting point tube is prepared in a similar way 
containing about 5 mg. of the pure solvent only. Both sealed 
melting point Lubes are now tied to a thermometer by means 
of fine copper wire (Fig. 18-75). The thermometer and melt- 
fcriinc Solid 1 Sam- in S l >0,nt tu,Jes are pLccd inside the melting point bath such 
pie into the Mi- as the apparatus shown in Fig. 18-62. It is important that the 

cro Melting Point entire bulb of the melting point tube be below the surface of 
Tube< tile bath liquid. The temperature of the bath is rapidly in- 

creased until it is about 10°C. above the melting point of the 
pure solvent. Then both melting point tubes are allowed to cool inside the bath. 
When solidification has taken place in both tubes, the piocess of heating and cooling 
is repeated. The tube containing the sample is inspected to assure that the fusion 
is homogeneous, and that there is no sublimate on the walls. If these conditions 




are not satisfied, the process of melting and resolidification is again repeated. Then 
the respective melting points of the pure solvent and its admixture are simultane- 
ously determined. The determination is repeated twice. If the melting point of 
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die admixture is not constant, either the mixing is not yet complete or the sample 
reacts chemically with the solvent. In the latter case, a different solvent should 

h'calculadon of the Molecular Weight.-The molecular weight of the sample is 
calculated from the respective weights of the sample and solvent, difference in t re 
melting points of die two tubes, and the 
molal depression constant of the solvent. 

The latter value should be determined for 
each batch of the solvent, using a known 
compound of high purity. 


THE EBULLIOSCOPIC METHOD 
Pri n ci pie.— The ebullioscopic method is 
dependent on the elevation of the boil- 
ing point of a pure solvent due to the 
presence of a nonvolatile solute. Reduc- 
tion of die Beckmann technique for de- 
termining molecular weight to the milli- 
gram scale by the ebullioscopic method has 
been, described by Pregl. 69 It involves the 
use of a micro-Beckmann thermometer 
about 180 mm. long and a boiling tube 
that holds 1.5 ml. of the solution. Diffi- 
culty is frequently encountered due to 
superheating of the liquid and die air 
current surrounding die apparatus. 
Rieche 70 has proposed a modification in 
which the boiling solution is caused to 
circulate around the mercury bulb of the 
micro-Beckmann thermometer. Five to 
10 ml. of the solution are required, and 
the observation of the change in boiling 
point is still difficult. The method using 
a differential thermometer, as suggested 
by Menzies and Wright, 71 is suitable for 
adaptation to microanalysis. 


Cu 



V/ 


Fic. 18-76. Micro Molecular Weight Ap- 
paratus of Smith and Milner. 

vacuum jacket, S, and water 
the neck, G, 
prevent bump- 
corresponding bulbs B x 
The uppers section of die differential 


Apparatus .— The apparatus proposed 
by Smidi and Milner 72 is shown in Fig. 

18-76. The boiling tube, TFW, is fitted with the 
condenser, C. The boiling bulb, F, has a capacity of 3 ml., witl 
graduated in 0.1 mm. A tungsten wire, W, is sealed in the bulb to 
mg; b x and b 2 are 2 enlargements to accommodate the 
and B 2 of the differential thermometer. 


Berlin, °;935 H '’ ^ Quamitaiive 0r § anische Mikroanalyse von Fritz Pregl, 4th Ed., Springer, 
70 Rieche, A., Mikrochemie, 12, 129, 1932 

S W ”S ht ’ s - L - Jr- J- Am. Chem. Soc., 43, 2314, 1921 

Smith, D. F., and Milner, R. T., Mikrochemie, 9, 117, 1937, 
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thermometer is wound with a copper spiral, and the part between the two bulbs 
■Bj and J) 2 is graduated in millimeters. P is the Cottrell pump. 

The apparatus constructed by Balis and co-workers 75 is shown in Fig. 18-77. It 
can be used for the microdctcrmination of molecular weight with I ml. of the 
solution. 



Fig. 18-/7. Mitio Molecular Weight Apparatus of Balis and Co-workers. 

Procedure.— "The boiling tube, TFIV (Fig. 18-76), is clamped in a vertical posi- 
tion, and an asbestos board, with a 5 mm. hole in die center, is placed under the 
boiling bulb, F , so that the tungsten wire, W, protrudes dirough the hole; 3.00 ml. 
of the pure solvent are delivered into the bulb, F. A microburner is placed 
directly under the tungsten wire, IV, and is so adjusted that the liquid will reflux 
gently while water is running through die condenser. A standard thermometer 
is then inserted into die vapors and the true boiling point of the solvent deter- 

,3 Balis, E. W., private communication. 
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mined to the nearest 0.1°C. The amount of liquid actually present in t ie boi ^P 
bulb F, is then determined by removing the burner, quickly checking the ebulli- 
tion by touching the bottom of F with a beaker of cold water, and immediate > 
reading the volume of the liquid from the graduation, G, which has been previous y 

calibrated • 

The standard thermometer is now removed and the Cottrell pump lowered into 

die boiling bulb, F, over the tungsten wire, W. The differential thermometer is 
then clamped in such a position that its lower bulb is directly under the opening 
of the Cottrell pump, but not in contact with it, and that its whole length does 
not touch any part of die boiling tube, TFW. The microburner is replaced and 
the liquid boiled briskly enough to pump it in an almost continuous stream over 
the lower bulb of the thermometer. Then at intervals of 1 or 2 min., readings 
are made (by means of a telescope) on the millimeter scales etched on the ther- 
mometer. When die readings have become constant, they are recorded. The sam- 
ple (10 to 15 mg.), made into the form of a pellet in the pellet press, is accurately 
weighed and then dropped into the boiling bulb, F. Again the liquid level inside 
the differential thermometer is allowed to reach a constant value, and the reading 
is recorded. Additional pellets may then be introduced and the corresponding 
records made. The elevation of the boiling point in degrees C. is obtained from 
the conversion table, 71 and the molecular weight of the sample is calculated in the 
usual manner. 

THE ISOTHERMAL DISTILLATION METHOD 

Principle.~li two solids are dissolved in a common solvent in separate containers 
and the two solutions are allowed to come to equilibrium with respect to each 
odier, the molar concentration of these solutions will be identical. This is the 
basis of the isothermal distillation method for determining molecular weight pro- 
posed by Signer. 74 Like the ebullioscopic method, this method is applicable to 
organic and inorganic compounds, and is limited to nonvolatile substances. It 
should be noted that most inorganic compounds dissociate in solution, while associ- 
ation of molecules is not an unusual phenomenon among organic compounds. 
Therefore, the result of molecular weight determination should be carefully inter- 
preted. 

Apparatus. The Modified Signer Apparatus.— The Signer apparatus 74 has been 
modified by Ma and Jaffe ,5 to permit simple and convenient operation. As shown 
in Fig. 18-78, die apparatus is constructed from 2 graduated pipets, A and B, sealed 
to the respective bulbs, C and D, of 2 ground-glass, capped tubes, which are con- 
nected to each other through a cross tube. The latter is provided with a stop- 
cock, E. This apparatus is employed when the final volumes of the 2 solutions 
are measured for the calculation of die molecular weight of the unknown. 

The Apparatus of Morton, Campbell, and Ma. — This apparatus 70 (Fi°‘. 18-79) is 
used when the weights of the solvent in the respective vessels are measured in order 
to obtain the concentrations (by weight) of the final solutions. Since precise meas- 
urement oi weights is possible by means of the microbalance, this apparatus gives 
more accurate molecular weights than those obtained by the modified Signer apoa- 
ratus_ As shown in the figure, the solutions are contained in 2 platinum crucibles 
1-5 ’ ca P acit y> that fit into 2 holes in a metal block placed inside a vacuum 

74 Signer, R„ Ann., 478, 246, 1930. 

7 s Ma, T. S., and Jaffe, E„ unpublished work. 

• Morton, J. E„ Campbell, A. D„ and Ma, T. S„ Analyst, 78, 722 1953 
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desiccator. Tile desiccator is clamped onto a slowly rocking device To prevent 
loss of volatile solvent, the platinum crucibles are weighed inside weighing' bottles 
with tightly fitting ground-glass stoppers. u fa 

Procedure. Determination by Measuring the Solution Volumes After Equi 
librium.— The ground-glass caps of the apparatus (Fig. 18-78) are removed and 
stopcock grease is carefully applied so that it will not contaminate the inner’ walls 



Fig. 18-78. Modified Signer Apparatus for Microdetermination of Molecular Weights. 


of the two bulbs, C and D. Using the microweighing tube (Fig. 18-12), enough of 
the standard (a known compound of high purity and having solubility behavior 
similar to that of the unknown) is accurately weighed into the bulb, C, to make 
about 1.5 ml. of approximately 0.1 AT solution. A suitable amount of the un- 
knotvn is then accurately weighed into the bulb, D, by means of another micro- 
weighing tube. The quantity of the sample taken should be such that the final 
solution will have a concentration of slightly less than 0.1 M, and a volume of 
about 1.5 ml. Three ml. of the solvent are then delivered into each tube by means 
of a pipet. The glass caps and spring hooks are replaced. The apparatus is 
slightly tilted so that part of the solvent runs into the respective graduated tubes, 
A and B. The stopcock, E, is then connected to the vacuum pump to remove the 
air in the apparatus. When the volume of liquid is reduced to about 1.5 ml. on 
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each side, the stopcock is dosed. The ^thfapp^sls^tn^ 

k “oLtve dSSV*. dea^ohuion. Then 

hi. placed inside a large aluminum master, wh.ch ^ed” a constant temper^ 

ippa“.» the standard 'solution from C to the graduated tube, 

X P and ^ unknown solution from B to B. The 
solutions are then returned to their respective bulbs. Hus process 



Fig. 1S-79. Rocking Desiccator for Micro Molecular Weight Determination. 


every 24 hr. until the volumes become constant. From the respective weights of 
the unknown and the standard, and the volumes of their solutions, the molecular 
weight of the unknown is then calculated. 

Determination by Measuring the Weights of Solutions After Equilibrium.— 
About 5 mg. of the sample are accurately weighed in 1 of the 2 platinum crucibles, 
and the standard substance is weighed in the other. The crucibles are placed in 
the holes in the metal block; 0.3 ml. of the solvent is added to each crucible, and 
0.5 ml. is poured on the block. The cover of the desiccator is placed in position 
(see Fig. 18-79) and air is evacuated from the system under controlled conditions 
so that each crucible still contains 100 to 200 mg. of solvent at the end of the 
experiment. This is achieved by connecting the desiccator through a large bottle 
of about 2.5-1. capacity to a water pump. With the connection between the bottle 
and the desiccator closed, the pressure in the bottle is reduced to 200 mm. of 
mercury. Then the connection between the bottle and the pump is closed, and 
that between the bottle and the desiccator is opened to equalize the pressure 
The desiccator is disconnected and rocked at 10 strokes per min., through an an<d e 
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o£ 30°, in a thermostat, at 25° C- for 24 hr. At the end o£ this time, the desiccator 
is opened and the crucibles are quickly placed inside the respective weighing bottles 
and neighed. The crucibles are then returned to the desiccator. A few drops 
of solvent are placed on the metal block, and die apparatus is evacuated as before. 
After a further 24 hr. of rocking in the thermostat, the crucibles are again weighed. 

The solutions are assumed to have attained equilibrium when the ratio ol then 
concentrations (by weight) is constant for 2 concentrations at 24-hr. intervals. The 
molecular weight of the sample is then calculated from the formula: 


Aft 


WiSiMi 

IVzSi 


Where M x and A/ 2 are die molecular weights of the unknown and die standard 
substance respectively, IF, and \V.> are the weights of tire unknown and standard 
substance, and S, and S 2 are the weights of solvent in the crucible containing the 
unknown and standard substance, respectively. 

THE THERMO-ELECTRIC METHOD 

Principle .— This method is dependent on die establishment of, and measurement 
of, the steady-state temperature difference obtained between drops of a solvent and 
a solution suspended in the atmosphere of die solvent at a fixed ambient tempera- 
ture. Two thermistors are used to support the pendant drops and to measure their 
temperatures. On one thermistor is placed the pure solvent and on the other 
the solution, while the vessel is saturated with the vapor of the solvent. The 
solvent temperature remains constant, being subject to equal rates of evaporation 
and condensation. The solution, however, increases in temperature due to vapor 
condensation. The temperature difference is proportional to the mole fraction 
of the solute. It should be noted that the temperature change is extremely small 
(about 0.03°C.). Therefore, a perfectly matched pair of thermistors is required, 
and strict temperature control is essential. 77 

Apparatus — The solvent-vapor chamber and diermistor assembly developed by 
Neumeyer 78 (Fig. 18-80) is composed of a glass vessel, A. covered with a Bakelite 
cap, B, which is machined to fit the ground-glass joint. C is a stainless steel rod 
that holds the Teflon thermistor support, D. E is 5 mm. glass tubing which houses 
the thermistor, F, die latter being affixed by means of cupric oxide-phosphoric acid 
cement, G. H is 40-turn platinum wire coil made with 0.3 mm. diameter wire. 
I is 3-mm. thick absorbent paper lining the total depth and about three-fourths 
of the circumference of the inner wall, and covered on both sides with 1.5 min. 
mesh aluminum screen. J is a stainless steel crucible to catch the liquid from the 
thermistor and coil. A pear-shaped solvent-vapor chamber has been proposed by 
Tomlinson, 79 who claims that this shape produces an effective spherical cell when 
solvent is introduced into it, thus simplifying theoretical calculations. 

The Wheatstone bridge circuit, used with the Neumeyer apparatus (Fig- 18-81), 
is composed as follows: B v 4.5 volt battery; S v switch, R x and R 2 , 100000 ohm 
variable resistor; R 3 , 1000 ohm variable resistor; R t , 20 ohm variable resistor; Ry 
1000 ohm, 10-turn, wire-wound micropotentiometer; TAf, and TAf 2 , thermistors; 
M x , 0-50 microammeter; and M 2 , null detector. 

77 Simon, YV., and Tomlinson, C., Chimia, 14, 301, 1960. 

78 Neumejer, J. J., Anal. Chim. Acta, 20, 519, 1959. 

79 Tomlinson, C., Mikrochim. Acta, 1961, 457. 
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Procedure -The solvent-vapor chamber and thermistor assembly are immersed in 
Procedure. F 30 ± 0.01 °C. The pure solvent is delivered 

thermostat, L (Fig 18-80 at ^ f I „ about 


Roth nlatmum wire cons cover mg ^ " , . ill 

ol solvent. This is accomplished by inserting a long glass dropper through a hole 
h the Bakelite cap, B. The dropper is stored, when not used, m a copper tubmg, 
which is sealed on the bottom and immersed in the thermostat. The micropotenti- 



Fig. 18-80. Neumeyer Apparatus for Microdetermination of Molecular Weight. 

onreter, R 5 (Fig. 18-81), is set at zero resistance and the switch, S 1 , is turned on. 
When temperature equilibrium has been established within the vapor chamber, 
the Wheatstone bridge is balanced using resistors R 3 and The solvent in con- 
tact with the sensing thermistor, TM V is then replaced by rinsing with 0.1 to 0.2 
ml. of solution, which has been previously brought to the temperature of the 
chamber by immersion of its container in the drermostat. The bridge is again 
balanced using the micropotentiometer R 5 . About 3 min. are required for the 
sensing theimistoi to reach its maximum temperature. The maximum resistance 
of the micropotentiometer is recorded. This value is used to calculate the molecu- 
lar weight of the solute by the formula: 

y/ = W X M ^ K ~ A/? ) 

&RX W, 

Where M and M a are the molecular weights of the unknown and solvent respec- 
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Ho. 18 81. Ncume\er Circuit for Microdetermination of Molecular Weight. 



Tic. 18-82. Micro Molecular Weight Apparatus of Bratton and Lochte. 
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tively W and W. are the weights of the unknown ahd solvent in tire test solution 
Ml l the change in resistance, and K is a constant for the particular solvent. K 
determined for each solvent by making measurements on pure compounds of known 
molecular weights. 


THE VAPOR DENSITY METHOD 

Principle.— A method, which is the micro scale adaptation of tire Victor Meyer 
procedure for determining molecular weight, has been described by Bratton and 
Lochte. 80 The sample is volatilized under controlled conditions, and the volume 
of vapor obtained is measured indirectly by observing the change in pressure. This 
method is applicable only to liquids. 

Apparatus.- The apparatus 80 (Fig. 18-82) consists of the vaporization chamber, 
A, sealed to the manometer, FGI, and the constant temperature jacket, B, which 
is connected to the condenser, J. A is supported in B by a split stopper and tire 
bottom of A is centered by 3 short glass rods, C, sealed on B. The stopcock, D, 
of the vaporization chamber, A, should have a bore of at least 2 mm. so that the 
capillary containing the sample can pass through it. The side tube, E, is a capillary 
tubing, which is joined to a 100-ntm. length of 5-mm. tubing. A reference mark 
for the mercury manometer is etched just below the seal, F. The vaporization 
chamber. A, has 15-mrn. outside diameter and 150-mm. length in its wide part; its 
volume is determined before use by filling with water to the reference mark. The 
outer jacket, B, is clamped on a stand, and passes through a hole of the asbestos 
board, N. 

An apparatus more complicated than that above has been proposed by Sobotka, 81 
in which a technique to break the capillary inside the vaporization chamber is 
described. 


Procedure. Preparation of the Sample.— A micro-weighing capillar)' (see “Sample 
Containers,” under “Preparation of Sample for Microanalysis,” above, p. 364) is 
prepared without the air chamber, and with a length of clean iron wire placed in 
the liquid chamber before making the tip. The outside diameter of the capillary 
should be smaller than the bore of the stopcock, D. After about 5 mg. of the 
sample have been introduced into die capillary, it is sealed to form a hook as 
shown in Fig. 18-83, and then accurately reweighecl. 


Vaporization and Measurement of Pressure.-A liquid with a boiling point about 
20°C. above that of the sample is poured into the outer jacket, B, to a depth 10 mm. 
below die end of die vaporization chamber, A. The manometer is filled with 
mercui y and A is lifted and tilted to fill trap, G, which serves to catch any air aris- 
ing from the manometer. The chamber, A, is then returned to its original position 
inside of the jacket, B. Stopcock D is closed, and the burner under B is lighted. 
The liquid is boiled just vigorously enough so that B is filled with vapor at all 
times. Stopcock D is now opened and the level of the mercury in the right-hand 
manometer is brought to the reference mark, and D is again dosed. When 1 no 
change m mercury level has been noted for 5 min., the determination is begun 
Stopcock D is opened and the capillary containing the sample is inserted The 
hoot of the capillary rests on the bore of tile stopcock while the liquid chamber 
passes through the stopcock (see Fig. 18-83). The mercury is brought to the 


s « Bratton, A. C., and Lochte, H. L„ Ind. En°- 
S1 Sdbotka, M„ Mikrocheniie, 39, 414, 1952. ° 


Chem., Anal. Ed., 


4, 365, 


1932. 
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reference mark, and the level of mercury in l is read on the scale, H, to 0.2 mm. 
The stopcock is turned to close the system, simultaneously breaking the capillary, 
which falls to the bottom of the vaporization chamber, 
A. The leveling bulb, /, is gradually raised, ami when 
no further inciease in pressure in A is noted, the mer- 
cury is adjusted to the reference mark and the level 
in / is again read. The difference in the initial and 
final readings gives the change in pressure in the 
vaporization chamber A. The leveling bulb, /, is low- 
ered, and the plug from the broken capillary is re- 
moved irom the stopcock, D. A magnet is then used 
to guide the capillary out of the vaporization chamber. 

Those compounds that tend to decompose when 
heated to their boiling point at atmospheric pressure 
can be vaporized at reduced pressure in the following 
nuimer: the capillary containing the sample is in- 
serted in stopcock D; stopcock L is then connected to 
D by the rubber pressure tubing K ; L is closed, and 
M is connected to a vacuum line; the leveling bulb, 
/, is lowered so that the mercury at F falls to a point 
just above G; stopcock L is slowly opened and, if neces- 
Fic. 18 83. Capillary for sary, the leveling bulb, /, is again lowered; L is then 
Mm odetermmat ion of Mo- closed, and the mcrcuty is brought to the reference 
lecular Weight. mark; if die mercury level remains constant, the level 

of the mercury is recorded in millimeters, the capillary 
tube broken by turning D, and the determination completed as previously described. 
Calculation.— The molecular weight of the sample is calculated by the formula: 



Mol. wt. = 


22.4 1 X 760 X T X ft’ 
273 X V X A V 


Where T is the absolute temperature of die vapor badi, IP is the weight of sample 
in milligrams, V is the volume of the vaporization chamber in milliliters, and A P is 
the change in pressure within the vaporization chamber in millimeters of mercury. 
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ANALYSIS 


By Sidney Siggia 

Olio Mathieson Chemical Corp. 
New Haven, Connecticut 


This section constitutes a compilation o£ methods o£ analysis making possible 
the quantitative determination of the majority of types of organic chemical mate- 
rials that will be encountered by an analyst or chemist. All operating details of 
die procedures are given, and the methods of analysis can be applied directly from 
this book widiout referring to the original article or text. 

The methods described are limited by die scope of tin's text. It would be im- 
possible to include all die accepted methods in the allotted space; lionet er, an 
attempt has been made to cover die common situations. Thus, for example, in 
the section on carbonyl compounds diere is giten a general method, a method for 
aldehydes in the presence o£ ketones and acetals, and a method for trace carbonyls. 

The methods described herein are dtrimetric and gravimetric in nature, and die 
reactions used for the analytical determinations are based on the functional groups 
on the organic molecule. Methods for measuring some of the less common types 
of organic compounds, such as imides, sulfoxides, sulfones, amine oxides, and some 
odiers are not included. 

For more complete coverage of the subject or of die analysis of any particular 
class o£ organic compounds, die reader is referred to die following texts: 

Mitchell, J., Jr., KoItofT, I. M., Proskauer E. S.. Wcissbcrger, A., Organic Analysis, Vols. 

Mil, Interscicncc Publishcis, Inc, New 3ork, 1933-1956. 

Siggia, S, Quantitative Organic Anal) sis Via rurtctianal Gtoups, 2nd Ed., John Wiley afid 
Sons, Inc., New York, 1934. 

Wild, F„ Estimation or Organic Compounds, Syndics of the Cambridge University Piess, 
London, 1953. 

For texts geared to student instruction, the reader is referred to the following: 

Fritz, J S., and Hammond, G. S., Quantitative Organic Analysis, John Wiley and Sons, Inc., 
New York, 1957. 

Siggia, S., Stolten, H. J., An Introduction to Modern Organic Analysis, Intersdence 
Publishers, Inc., New York, 1956. 

Stone, K. G., Determination of Organic Compounds, McGraw-Hill Book Co., Inc., New 
York, 1956. 
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HYDROXY COMPOUNDS 

GENERAL METHOD USING ESTERIFICATION WITH 
ACETIC ANHYDRIDE 


METHOD 1: UNCATALYZED REAGENT 1 


O 


s 

ch 3 c 

\ 

O + ROH 

/ 


ch 3 c 

\ 

o 


CH 3 COOR + CH 3 COOH 


Reagents. Acetylating Reagent.— One volume of ACS grade acetic anhydride 
and three volumes of reagent pyridine. Reagent should be prepared fresh each 
day. 

w-Butanol.— ' Technical grade. 

Mixed Indicator Solution.-One part of 0.1% aqueous cresol red neutralized 
with sodium hydroxide and three parts of 0.1% thymol blue neutralized with 
sodium hydroxide. 

Standard Alcoholic Sodium Hydroxide (Approximately 0.5 N .)— Sodium hydrox- 
ide, 0.1 N, can be used for semimicro samples, but the clarity of the end point is 
poorer than when the 0.5 N reagent is used. Alcoholic sodium hydroxide is best 
prepared by mixing the required amount of saturated aqueous sodium hydroxide 
approximately 18 N) with aldehyde-free ethanol or with c.p. methanol. The alco- 
holic alkali is standardized against potassium acid phdialate or against standard 
acid by use of the mixed indicator. 

Procedure.— A weighed sample containing about 0.010 to 0.016 mole of hydroxyl 
is introduced into a glass-stoppered iodine flask together with 10.00 ml. of the 
acetic anhydride-pyridine reagent. The acetylating solution should be accurately 
measured, a pipet being used. The glass stopper should be well moistened with 
pyridine and loosely seated. The flask is put on a steam bath for 45 minutes. 
Then 10 ml. of water is added by way of die well on the top of the flask, and the 
flask is swirled to bring the water in contact with all the reagent. After 2 min- 
utes, the flask is cooled in ice or under running water, with the stopper partly 
open to prevent a partial vacuum from forming inside the flask. The sides of 
the flask and the stopper are rinsed widi 10 ml. of u-butanol, a few drops of indi- 
cator are added, and die contents are titrated widi 0.5 N sodium hydroxide. If 
die sample contains 0.001 mole of hydroxyl, it is advisable to titrate with 0.1 N 
sodium hydroxide even though the end point may not be as sharp as widi die 
0.5 N reagent. 

Samples which yield highly colored solutions making die indicator useless can be 


° § T C -k L -;, l 0rt c er ' c W ‘ L l . and Willits : C ‘ °” Ind - Eng. Chem., Anal. Ed., 

Groans' tT w , by S ‘ \ n Q uantltatlv ? °>g anic Analysis Via Functional 

Gi onps, „nd Ed., John Wiley and Sons, Inc., New York, pp. 9-12, 1954. Reprinted with 
permission of the copyright owners. * 
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titrated potentiometncally by use of a potentiometer or pH meter with glass and 
calomel electrodes. 1 

Any free acid or alkali in the sample should be determined on a separate sample 
by dissolving the sample in 5 ml. of pyridine and titrating with standard alkali or 
acid, the mixed indicatot being used. 

Calculations.— Milliliters of NaOH used for blank — milliliters of NaOH used 
for sample (corrections being applied for any free acid or alkali which may be 
piesent) = A 

A X .V NaOH X OH X 100 ^ 

Grams sample X 1000 0 

Discussion.— If the sample contains considerable water (more than 0.002 mole), 
additional acetic anhydride should be added to acetylate the alcohol readily. Water 
does not enter into the calculations, but it does destroy the reagent by hydrolyzing 
it to acetic acid. If too much reagent is destroyed there would not be sufficient 
to estcrify the alcohol completely. 

Primary and secondary amines will interfere in this analysis. In fact, they acet- 
ylate so readily that this pioccdurc can be used to determine them quantitatively. 
Aldehydes of low molecular weight also interfere by reacting with the anhydride. 

It is well (keeping the equation in mind) to remember that when all the an- 
hydiidc is consumed there will still be a titration equal to one-half the blank. If, 
when unknown samples are analyzed, the titration should be in the vicinity of 
one-half the blank, it is best to repeat the analysis with a smaller sample to ensure 
sufficient reagent for the hydroxyl present. Hydroxyl groups on tertiary carbon 
atoms and hydroxyls of 2,4 , 6- trisubs titu ted phenols do react witli acetic anhydride 
but only very slightly. This type of hydroxyl group cannot be determined by 
this method (there may be exceptions, but these are very few). 

METHOD 2: 7?£riG£JVT CATALYZED WITH PERCHLORIC ACID* 

This catalyzed acetylation lias been published fairly recently and does not have 
the test of time as does Method 1. However, it is known to be more rapid than 
Method 1 which is uncatalyzed. Also, it is known not to work well in determining 
hydroxyl groups on easily oxidized compounds such as polyglycol ethers, yielding 
high, erratic results in these cases. When it can be applied, it is much more 
economical in time over Method 1. 

Reagents and Solutions. Acetic Anhydride, 2 .17, in Ethyl Acetate.-Add 4 g. 
(2.35 ml) of 72% perchloric acid to 150 ml. of ACS grade ethyl acetate in a clean 
250-ml. glass-stoppered flask. Pipet 8 ml. of ACS grade acetic anhydride into the 
flask and allow it to stand at room temperature for at least 30 minutes. Cool the 
contents of the flask to 5°C. and add 42 ml. of cold acetic anhydride. Keep the 
flask at 5°C. for an hour, then allow the reagent to come to room temperature. 
Some yellow color will develop, but the color and anhydride content of the reagent 
lemain at satisfactory levels for at least two weeks at room temperature. 

Acetic Anhydride, 2 M, in Pyridine.— Cautiously add 0.8 g. (0.47 ml.) of 72% 
perchloric acid dropwise to 30 ml. of reagent grade pyridine in a 50-mi. flask. 
Pipet 10 ml. of acetic anhydride into the flask with magnetic stirring. As this rea- 
gent discolors and decreases in anhydride content after a few hours, it should be 

a Fritz, J. S., and Schenk, G. H., Anal. Chem., 31, 1808, 1959. Copyright 1959 by the 
American Chemical Society and reprinted with permission of the copyright owner. 
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prepared fresh daily. For acetylation of sugars at 50°C., use 1.2 g. of p-toluenesul- 

fonic acid instead of the perchloric acid. . . )n 

Acetic Anhydride, 3 M, in Pyridine.-Follow the directions above, but use 10 
ml of pyridine, 20 ml. of acetic anhydride, and 0.94 ml. of 72% perchloric acid. 

Sodium Hydroxide, 0.55 M.-To 185 ml. of saturated aqueous sodium hydroxide 
('carbonate-free), add 430 ml. of water and 5400 ml. of methyl Cellosolve (Union 
Carbide Chemicals Company) or absolute methanol. Use only unopened cans of 
methyl Cellosolve, because solvent which has been opened to the air for some time 
develops a yellow color in die sodium hydroxide titrant. 

Mixed I ndica tor.— M ix 1 part of 0.1% neutralized aqueous cresol red with 3 
parts of 0.1% neutralized thymol blue. 

Potassium Acid Phthalate.-Primary standard grade. 

Alcohol Samples.— Most liquid samples were fractionally distilled through a 24-in. 
Podbielniak partial reflux fractional distillation column. Many of the solids were 
vacuum-sublimed. The estimation purity of the purified samples is in the range 


98 to 100%. 

Procedure .— Weigh accurately a sample containing 3 to 4 millimoles of hydroxyl 
into a 125-ml. glass-stoppered flask and pipet into it exactly 5 ml. of 2 M acetic 
anhydride in ethyl acetate or pyridine. Stir the solids or immiscible liquids until 
they are dissolved. Allow the reaction to proceed for at least 5 minutes at room 
temperature; some alcohols require a somewhat longer reaction period if pyridine 
is used as the solvent. Add 1 to 2 ml. of water, shake the mixture, then add 10 
ml. of 3 to 1 pyridine-water solution and allow the flask to stand for 5 minutes. 
Titrate with 0.55 M sodium hydroxide using the mixed indicator, and take the 
change from yellow to violet as the end point. Titrate dark-colored samples to an 
apparent pH of 9.8 using glass-calomel electrodes and a pH meter. 

Run a reagent blank by pipetting exactly 5 ml. of acetylating reagent into a 
125-ml. flask containing 1 to 2 ml. of water solution, allow to stand 5 minutes, and 
titrate as above. The calculations are as indicated above for the uncatalyzed acety- 
lation. 


Note.— Caution. Dilute solutions ot pci chloric acid in various organic solvents have been 
widely used in nonaqueous titrations. There is no hazard under the conditions <>iven in 
the above procedure. However, solutions acetyiated with perchloric acid present should 
not be heated and the sample and blank solutions should be disposed of promptly after 
the determination is completed. 


Determine sugars which dissolve slowly in the above reagents by heating them 
5 to 10 minutes at 50°C. with 5 ml. of a pyridine reagent which is 0.15 M in £-tolu- 
enesulfonic acid instead of perchloric acid. Moisten the glass stopper with pyridine 
and seat loosely in the flask. After heating, cool the flask and hydrolyze the 
anhydride with tire 3 to 1 pyridine-water mixture at room temperature. Treat the 
blank similarly. Dry sugar samples only if analyzed at room temperature. 

Alternate Procedure for Water-Free Samples .- Use acetic anhydride in ethyl 
acetate for the acetylation. After the acetylation period, add 10 ml. of a 1.5 M 
solution of distilled iV-methylaniline solution of chlorobenzene to the flask instead 
of the water and water-pyridine solution. After 15 minutes, titrate the excess 
A r -methylaniline potentiometrically with 0.2 M perchloric acid in glacial acetic 
acid. For this titration use a glass indicator electrode and a sleeve-type calomel 
reference electrode containing lithium chloride in glacial acetic acid as the elec- 
tro yte solution. Determine the blank by reacting exactly 5 ml. of the acetic an- 
hydride reagent with 10 ml. of A'-methylaniline solution as above and titrate 

■v) 
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potentiometrically with 0.2 M perchloric acid in glacial acetic acid. This procedure 
is necessary for ethylsulfonylethyl alcohol. 

ESTERIFICATION USING PHTHALIC ANHYDRIDE 

Phthalic anhydride has not been used nearly as extensively for the determination 
of hydroxyl groups as has acetic anhydride. Phthalic anhydride reacts with hy- 
droxyl more slowly than does acetic anhydride. Elving and Warskotvsky 3 studied 
esterification with phthalic anhydride in hot pyridine and confirmed the fact re- 
ported by previous workers that litis reaction could be used as the basis for deter- 
mining hydroxyl groups in various alcohols. Aldehydes do not interfere with the 
alcohol determination when phthalic anhydride is used where it does interfere when 
acetic anhydride is used. 

Reagent .— Prepare fresh daily 20 g. of phthalic anhydride in 200 ml. of pyridine* 

Procedure .— The phthalic anhydride should be acid-free. 

Weigh the sample into a 50-ml. volumetric flask. Select a weight of sample that 
there will be at least a 100% molar excess of phthalic anhydride. Add pyridine tc> 
\ olunic and shake thoroughly. Place 25 ml. of phthalic anhydride reagent into A 
clean, dry, pressure bottle and add 10 ml. of the sample solution. Seal the bottle and 
place in an air oven at 100'C.; hold at that temperature for 1 hour. At die end 
of tills time remove it from the oven and release the pressure carefully. Add 5(1 
ml. of distilled water, mix, cool under cold tap water, and titrate immediately 
with sodium hydroxide solution (0.35 N) using phenolphthalein indicator. Conduct 
a blank determination simultaneously and similar in all respects except for addi- 
tion of the sample. 

Calculation.— 

~ _ (Titration of blank — titration of sample) X N X 1.701 
0 Weight ol sample 

where N ~ normality of NaOH solution. 

ESTERIFICATION USING PYROMELLITIC DIANHYDRIDE 4 

Acetic anhydride reacts more rapidly than phthalic anhydride, but suffers in- 
terference from low molecular weight aldehydes. Phthalic anhydride can be 
used in. the presence of aldehydes. Larger concentrations of phthalic anhydride 
are necessary for complete reaction. Phthalic anhydride is less volatile than 
acetic anhydride; therefore, there is less possibility for loss of reagent during heat- 
ing. Phthalic anhydride can be used to determine alcohols in the presence of 
phenols. Pyromellitic dianhydride (PMDA) combines the advantages of the tvtO 
reagents. It can be used in the presence of aldehydes; it is not volatile; it can be 
used to determine alcohols in the presence of phenols; and its rate of reaction i* 
comparable to that of acetic anhydride. The time involved for analysis is approxi- 
mately the same as that for the perchloric acid-catalyzed acetic anhydride reac- 
tion, although the PMDA method does require a heating period. 

3 Elving, P. J., and Warskousky, B., Anal. Chem., 19, 1006, 1947, as described by Mehlen- 
backer, V. C., Organic Analysis, Vol. I, Interscience Publishers, Inc., New York, pp. 35^-36, 
1953 (latter edited by J. Mitchell, Jr., et al.). Reproduced with permission of the copyright 
on ner. 

4 Siggia, S., and Hanna, J. G., Anal. Chem. 33, 900-901, 1961. Copyright 1901 by thtf 
American Chemical Society and reprinted in pan with permission of the copyright owner. 
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Reaeents. Pyromellitic Dianhydride, 0.5 M, in Tetrahydrofuran.-The pyro- 
mellitic dianhydride can be purchased from E. I. du Pont de Nemours & Company, 

^Procedure— A sample containing 0.010 to 0.015 equivalent of alcohol or amine 
is weighed and placed in a 250-ml. flask. Fifty milliliters of 0.5 M pyromellitic 
dianhydride solution are pipetted' into the flask, along with 10 ml. of pyridine. 
The flask is placed on a steam bath for 2 minutes and then on an electric hot plate 
for 5 minutes. Most of the tetrahydrofuran will boil off during the heating. Twenty 
milliliters more of pyridine are added, and the heating continued for 3 minutes. 
A 20-ml. portion of water is added, and the mixture again heated for 2 minutes to 
hydrolyze die excess anhydride. The mixture is cooled to room temperature and 
is titrated with 1 N sodium hydroxide to the phenolphthalein end point. A 
blank is run in the same manner, omitting only the sample. 

Discussion.— Hydrolyzed pyromellitic dianhydride titrated with standard sodium 
hydroxide solution showed only one inflection in the plot of volume of titrant vs. 
pH. The mid point of the maximum slope occurred at pH 9.1 to 9.2 indicating 
diat phenolphthalein is a suitable indicator. Calculated on the basis of alkali 
consumed up to this point, all four acid groups are neutralized. Tetrahydrofuran 
was used as the solvent because of the limited solubility of the anhydride in pyridine. 

Possible interference from aldehydes was checked by treating 2 to 3 g. each of 
formaldehyde, acetaldehyde, furfural, and acrolein according to the procedure. No 
anhydride was consumed in any case. Alcohols to which aldehydes were added were 
determined. There is no significant interference from the aldehydes. The ac- 
curacy and precision by this method are comparable to that obtained by either 
die acetic anhydride or the plidialic anhydride methods. The recoveries obtained 
for medianol and ethanol indicate, that no special precautions are necessary to pre- 
vent loss by volatilization. 

Phenols do not react with the pyromellitic dianhydride under the conditions of 
die procedure. This was proved by the fact that no significant amount of an- 
hydride was consumed when phenols were tried. Tertiary alcohols do react, but 
not quantitatively; therefore, they cannot be determined by this method. 

Any free acidic or basic materials present in the sample should be determined 
on a separate sample, and die final analysis should be corrected accordingly. 

DETERMINATION OF HYDROXY COMPOUNDS IN THE 
PRESENCE OF PRIMARY AND SECONDARY AMINES 

The above esterification methods will quantitatively determine primary and 
secondary amines along with the hydroxy compound, thus yielding the total value 
The amines can be determined by the titration methods shown on p. 488 The 
esterification value can then be corrected for the amine content of die sample 
yielding the content of hydroxy compound in the sample. 1 


DETERMINATION OF COMPOUNDS WITH ADJACENT 
HYDROXYL GROUPS (GLYCOLS) « 

Molecules containing hydroxyl groups attached to adjacent carbon atoms are 
readily oxidized by periodic acid. The reaction is quite specific and clean cut 

oMetho* 1 of Pohle W D„ Mehlenbacher, V. C„ and Cook, J. H„ Oil & Soao 2-> m 
119, 194o, as described by Siggia, S., in Quantitative Organic Analysis Via 
Groups, 2nd Ed., John Wiley and Sons, Inc) New York pp 16 _lS iqIi X ■ L,n « 1 onal 
permission o£ the copyright owner ’ PP ’ 1954> Reprinted with 
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Single hydroxyl groups or hydroxyl groups not attached to contiguous carbons are 
generally not attacked. 

R— OH— CH— Ri + HIO< -» RCH + HCRi + H.O + HIOj 

I I X S 

OH OH O O 

Reagents. Sodium Thiosulfate, Standard 0.1 N. 

Oxidizing Reagent.— To a solution of 5 g. of periodic acid (HI0 4 ) in 200 ml. of 
distilled water is added 800 ml. of glacial acetic acid. The solution should he kept 
in a dark, well-stoppered bottle. 

Potassium Iodide Solution. 200 g. per liter. 

Starch Indicator Solution, 1%. 

Procedure.— A sample containing approximately 0.0005 to 0.001 mole of dihy- 
droxy compound is weighed into a glass-stoppered iodine flask. To the sample is 
added 100 ml. of oxidizing reagent. A blank is run on the oxidizing agent alone. 
The solution is allowed to stand for one-half hour at room temperature. (For most 
compounds one-half hour is sufficient; however, a few samples require I hour for 
complete reaction.) Then 20 ml. of potassium iodide solution is added, and the 
liberated iodine is titrated with 0.1 N sodium thiosulfate. 

Calculations.— 


Milliliters for blank — milliliters for sample = A 

A X N thiosulfate X mol. \vt. compound X 100 ~ , 

br — saI ^ c ^ooo “ % compound 

Discussion. The procedure as described above was originated to determine various 
monoglycerides. However, it also works well for other dihydroxyl compounds such as 
ethylene glycol, mannitol, glycerol (consumes 2 moles of periodic acid per mole gly- 
cerol) , dextrose, tartaric acid (needs to stand for 1 hour). Expoxide ( — CH CH— ) 

O 

compounds may be determined by this method, but a longer time (one and one-half 
hours) and an eightfold excess of periodic acid are necessary. 

The titration for the sample should be more than 80% of die blank to make sure 
that enough reagent is present for complete oxidation because the iodate formed 
in the reaction also liberates iodine from potassium iodide. If all die periodic 
acid were reacted, the titration would be 75% of the blank. Caution should be 
taken where the reaction products are formaldehyde or formic acid because these 
materials are subject to slow, though definite, oxidation at room temperature. 

To analyze mixtures of glycerol and dihydroxy compounds this method can be 
used in combination with the mediod of Bradford, Pohle, Gunther, and Mchlen- 
bacher. 6 The latter method involves periodic acid oxidation and titration of the 
formic acid formed by reaction with the glycerol. The method described here will 
yield both the glycerol and the dihydroxy compound. The difference between the 
results of both analyses will yield the dihydroxy compound. 

In general, periodic acid will not oxidize such compounds as olefins, alcohols, and 
aldehydes. Some compounds not containing adjacent hydroxyls are attacked. An 
e Oil and Soap, 19, 189, 1942. 
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example is 2-butyne-l,4-diol (HOCH 2 C=C • CH 2 OH). It oxidizes very slowly, how- 
ever, but significantly. Most amines are also attacked to some degree. 

DETERMINATION OF ENOLS 7 

Enols are weakly acid compounds that can very often be determined by the 
acetylation procedure described above, but they can also often be determined 
quite simply by direct titration in nonaqueous media. Ethylenediamine and 
dimethylformanide have had quite an extensive tryout, and the procedure is de- 
scribed below. 

Reagents. Benzene— Reagent grade. 

Dimethylformamide.— Technical grade. 

Ethylenediamine.— 95 to 100%. 

Azo Violet Indicator.— Saturated solution of p-nitrobenzeneazoresorcinol in ben- 
zene. 

o-Nitroaniline.— 0.15 g. in 100 ml. of benzene. 

Thymol Blue.— 0.3 g. in 100 ml. of benzene. 

Sodium Methoxide, 0.1 to 0.2 N— About 6 g. of sodium are rinsed in methanol. 
The cleansed sodium is then dissolved in 100 ml. of methanol, and the reaction 
mixture is cooled if it becomes too vigorous. When all the sodium has reacted, 
150 ml. of methanol and 1500 ml. of benzene are added. The solution is protected 
from carbon dioxide and can be standardized, using benzoic acid as a primary 
standard. It should be restandardized every few days. 

Procedure.— Into an Erlenmeyer flask is introduced 20 to 30 ml. of dimethyl- 
formamide, and two to three drops of thymol blue or azo violet indicator are added. 
The solvent is titrated with the sodium methoxide reagent to the blue end point to 
take care of any free acids in the solvent. The sample is then added and the ti- 
tration with methoxide is resumed until the blue color is again obtained. Care 
should be taken to minimize absorption of carbon dioxide by the solution. The 
basic solvents take up carbon dioxide quite readily. A piece of cardboard over the 
beaker with a small hole to admit the buret has been found adequate. On po- 
tentiometric titration a slight drift will be noted just beyond die end point. This 
is due to C0 2 pick-up. For potentiometric titration, the glass and calomel elec- 
trodes can be used satisfactorily; usually more solvent has to be used in potentio- 
metric titration if a large amount of titrating solution has to be added. The 
benzene solvent in the titrant is detrimental to satisfactory operation of the elec- 
trodes so that more dimethylformamide has to be present. Antimony-calomel 
electrodes can also be used. 

Discussion.— In using ethylenediamine, the same procedure as above is followed, 
except that the o-nitraniline is used as indicator. The end point color change 
is from yellow to orange-red. The authors of the original paper do not mention 
having tried potentiometric titration in this medium, and the author of this review 
has not tried it. However, other investigators 8 have reported the successful use of 
hydrogen-antimony, hydrogen-calomel, and antimony-antimony electrode systems. 

Interferences in the above titration would consist of any acidic material such as 
acids, phenols, thiols, or acidic amine salts. Active halogen compounds can inter- 
fere since they would split out sodium chloride with the titrating reagent. Some 

7 Methods of Fritz, J. S., Anal. Chem., 24, 674-675, 1952. 

8 Moss, Elliott and Hall, Anal. Chem., 20, 784, 1948. 
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esters interfere, and water is also an interference in the dimethylformamide system, 
but small amounts do not interfere in etltylenediamine if the indicators are vised. 
Water can be an interference in a potentiometric titration. 

COLORIMETRIC METHOD FOR DETERMINING TRACE 
QUANTITIES OF HYDROXY COMPOUNDS 

Reid and Truelove 0 showed that ceric ammonium nitrate can be used for 
quantitative determination of alcohols. This method is said to be particularly 
advantageous for the estimation of small quantities of alcohol in aqueous or watcr- 
m is able systems. 

Reagent.— Dissolve 20 g. of pure ceric ammonium nitrate in 100 ml. of stand- 
ardized 4 N nitric acid. Allow the solution to stand for a day or two until it be- 
comes completely clean and then decant into a clean bottle. Pipet 5.0 ml. of this 
reagent into a 250-ml. flask and add 50 ml. of dilute H 3 S0 4 . Titrate with 0.1 N 
ferrous ammonium sulfate using o-phenanthroline as an internal indicator. 

Procedure .— Add 20 ml. ol the reagent to 5.0 ml. of tire sample and mix well. At 
the same time prepare a blank using 20 ml. of the reagent and 5.0 ml. of distilled 
water. Measure the color exactly 5 minutes after mixing, particularly with the 
lowei alcohols since die colors given by these are less stable than those obtained 
with higher alcohols. The color obtained is evaluated by comparison with cali- 
bration curves prepared from alcohols of known concentration. The originators of 
the method estimated die color in a 1-cm. Skepper cell using a Hilger OG1 olive- 
green filter. 

Discussion .— Complete information as to interfering substances is not available; 
however, it is assumed that other compounds containing hydroxy groups, sulfate 
ions, and certain oxidizing and reducing substances may lead to incorrect results. 
The method has been applied to die following compounds: methyl alcohol, ethyl 
alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol, tert-butyl alcohol, 
monoethylene glycol, diediylene glycol, and triethylene glycol. 

CARBONYL COMPOUNDS 

GENERAL METHOD FOR DETERMINING CARBONYL 
COMPOUNDS USING THE OXIMATION REACTION 10 

Reagents. 2-Dimethylaminoedianol, 0.25 M .— Dissolve appioximately 22.5 g. of 
freshly distilled 2-dimethylaminoethanol (Eastman Chemical Products, Inc., white 
label or equivalent) in 2-propanol to make 1 liter of solution. 

Hydroxylammonium Chloride, 0.4 M .— Dissolve 27.8 g. of the pure salt in 300 
ml. of absolute methanol and dilute to 1 liter with 2-propanol. 

2-PropanoL— Reagent grade, absolute. 

Martius Yellow.— Dissolve 0.0667 g. of Martius yellow (Harleco, Hartman-Teddon 
Company) and 0.004 g. of methyl violet in ethanol and dilute to 50 ml. with ethanol. 

a Method of Reid, V. W., and Truelove, R. K., Analyst, 77, 325, 1952 as described by 
Mehleiibacher, V. C., Organic Analysis, Vol. I, Intersaence Publishers, Inc., New York, p. 
48, 1953 (edited by J. Mitchell, Jr., et al.). Reprinted with permission of the copyright 
owner, 

io Method of Fritz, J. S., Yamamuia, S. S.. and Bradford, E. C., Anal. Chem., 31, 260, 
1959. Copyright 1959 by the American Chemical Society and reprinted with permission 
of the copyright owner. 
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Methyl Cellosolve.— Merck & Company, Inc., reagent grade or Union Carbide 

C1 perchloric°S n o!2 M.-Pipet 17.0 ml. of 70% perchloric acid and dilute to 1 
liter and methyl Cellosolve. Standardize by titration of tris(hydroxymethyl)amino- 

rae thane. _ , 

Tris(hydroxymethyl)aminomethane.— Primary standard grade. 

Procedure.— \V ei°h the sample containing 1.5 to 2.5 millimoles of reactive carbonyl 
into a 150-ml. glass-stoppered flask. Add exactly 20 ml. of 0.25 M 2-dimethylamino- 
ethanol, then add exactly 25 ml. of 0.4 M hydroxylammonium chloride. Stopper 
the flask, swirl gently to mix, and let stand the required length of time. Ten 
minutes at room temperature is sufficient for most aldehydes and simple aliphatic 
ketones. Check doubtful compounds, using a longer reaction time. Aryl ketones, 
hindered aliphatic compounds, and dicarbonyl compounds require an oximation pe- 
riod of 45 minutes or longer at 70°C. Add five drops of Martius yellow indicator 
and titrate with 0.2 M perchloric acid. Take the change from yellow to colorless 
or blue-gray as die end point. 

Determine the blank by titrating a similar mixture of 2-dimediylaminoethanol 
and hydroxylammonium chloride diat has stood for the same period of time as the 
sample. Use die difference between the blank, V b , and the sample titration, V s , to 
calculate the percentage of the carbonyl compound in the sample. 


% Carbonyl compound = 


(V b — U) (cone. HC10i)(mol. wt.) 
10 (sample wt., g.) 


GENERAL METHOD FOR DETERMINING ALDEHYDES 
BY BISULFITE ADDITION 11 


Reagents. Sodium Sulfite, 1 M. 
Sodium Hydroxide, Standard 1 N. 
Sulfuric Acid, Standard 1 N. 


Procedure .— To 250 ml. of 1 M sodium sulfite in a 500-ml. glass-stoppered Erlen- 
meyer flask is added 50 ml of L N sulfuric acid. The flask is swirled as the acid is 
added, to prevent the loss of sulfur dioxide caused by localized overneutralization 
of the sodium sulfite. To this solution is added, sealed in a glass ampoule, a sample 
containing 0.02 to 0.04 mole aldehyde. The flask is then stoppered, the stopper 
being greased for low-boiling aldehydes to prevent any loss. It is then vigorously 
shaken to break the ampoule containing the sample. Some glass beads included 
in die flask with the ampoule will cause die ampoule to break more easily. The 
flask is then shaken for 2 to 3 minutes (5 minutes for the more insoluble aldehydes) 
to ensure complete reaction. The contents are then quantitatively transferred to a 
beaker. Electrodes from a pH meter are inserted in the solution, and die solution 
is stirred. The pH of die solution is noted as standard 1 N alkali is added to titrate 
the excess acid. 

lor accurate results, the pH reading vs. milliliters of alkali added are noted and 
plotted. The end point is determined from the plot. A more rapid method of 
determining the end point, though slightly less precise, is to add alkali until a pH 


as 


Method of Siggia, S and Maxcy, W., Ind. & Eng. Chem., Anal Ed 19 i<m 1947 

2nd Edl'john^Wiley^and Yor 'r '«W 

sion of the copyright owners. ’ PP ' ' ’ 1954> Re Pnnted with permis- 
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is obtained corresponding to the pH at the end point for the particular alde- 
hyde. This end point pH must be predetermined for the aldehydes. 

Sodium sulfite contains a small amount of free alkali as an impurity so that 250 
ml. of the solution consumes some acid. The blank is very small but not negligible; 
it amounts to about 0.4 to 0.5 ml. of 1 N acid per 250 ml. of sulfite solution. On 
each carboy of sodium sulfite solution prepared, the free alkali should be ac- 
counted for, or the aldehyde results will be slightly high. Rather than use a 
blank oil the sulfite solution, it was found more satisfactory to add sufficient 1 M 
sodium bisulfite to die sodium sulfite to neutralize the free alkali and bring the 
pH of the sulfite to 9.1. This procedure eliminates the need of a blank and may 
be done only once to each carboy of solution. 

Calculations.— 

A ss Calculated amount of NaOH standard solution needed to titrate the 50 ml. of 
standard acid used — the milliliters of standard NaOH used to titrate the sample 

A X A^NaOH X mol. wt. compound X 100 

c ra -- — pirs ,00b % c ° n, P° und 

Discussion.— In the case of most of the aldehydes used, the end point was sharp 
enough so that the rapid method of just titrating to the pH of the end point could 
cause an error in end point determination of only ±0.2 to 0.3 ml. This error is not 
very significant and can be nullified by using a rather large sample of about 0.04 
mole of aldehyde, which consumes 40 ml. of 1 N acid. It can readily be seen that a 
plot of pH vs. milliliters of sodium hydroxide is not necessary once the pH at the 
end point of the particular aldehyde is determined. The reproducibility of the 
procedure is ±0.2% if the entire curve is plotted and ±0.4% if the rapid method is 
used. 

Acidic or basic impurities in the sample should be determined separately before 
the aldehyde procedure is applied, and the titration for the aldehyde should be 
corrected for the presence of these impurities. 

Acetals will not interfere in the procedure. These compounds hydrolyze in 
strong acid solution to yield acetaldehyde. However, the pH of the sodium sul- 
fite-sulfuric acid solution, in proportions described in the procedure, is about 6.8, 
and there is no noticeable hydrolysis or the acetals at this pH. Also, the aldehyde 
in the sample consumes the bisulfite so rapidly that the pH of the solution is 
raised to about 7.5 as soon as the sample comes in contact with the sodium sulfite- 
sulfuric acid solution, further lessening any possibility of hydrolysis. 

Ketones, in general, will not interfere in this determination of aldehydes if they 
are not present in excess of about 10% per mole of the total carbonyl content. 
Ketones affect the slope of the titration curve and the pH at the end point but do 
not affect the final result. Too high a ketone content causes the inflection point 
in the curve to disappear. This behavior is caused by the loose binding of bi- 
sulfite by ketones. 
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OXIDATIVE METHODS FOR ALDEHYDES ALONE OR IN 
THE PRESENCE OF KETONES AND ACETALS 12 


RCHO + Ag 2 0 -» RCOOH + 2Ag 

Apparatus and Materials. Shaking Machine.— One of suitable construction to 
accommodate two or more 100-ml., or 250-ml. volumetric flasks. 

Water Bath.— Maintained at 60° ± 2°C. 

Ethyl Alcohol, Absolute.-If appreciable carbonyl compounds or other reactive 
impurities are present, purify the solvent by distilling over excess solid silver oxide. 

Procedure.— Pipet 25.0 ml. of 0.1 N silver nitrate solution into a 100-ml. volu- 
metric flask. Add a quantity of sample containing approximately 0.5 millimole 
of aldehyde. If the sample is volatile, or the carbonyl content is high, weigh the 
required amount in a glass ampoule. If the sample is not volatile from water or 
alcohol, the sample containing 5 millimoles of aldehyde may be dissolved in 100 ml. 
of water or alcohol and a 10-ml. aliquot of the solution may be taken for analysis. 
Add 5 ml. of 0.5 N sodium hydroxide solution and shake the mixture on a shaking 
machine for 15 minutes. At the end of this time, add 2 ml. of 0.5 N sodium hy- 
droxide solution and continue die shaking for 10 minutes. Add 10 ml. of 6 N 
sodium hydroxide solution and repeat the shaking for the same period of time. 
Acidify the reaction mixture with 5 ml. of 18 N sulfuric acid solution. After al- 
lowing the mixture to cool to room temperature, dilute to the mark with distilled 
water. Filter the mixture through a dry No. 41 Whatman filter paper into a 400-ml. 
beaker. Pipet 50.0 ml. of the filtrate into a 500-mi. glass-stoppered Erlenmeyer 
flask and acid 4 ml. of ferric alum indicator. Titrate with 0.05 N thiocyanate solu- 
tion until the end point is approached, as indicated by a more slowly fading red 
color. Stopper tire flask, shake vigorously for 20 to 30 seconds, and continue the 
titration until one drop produces a reddish coloration which does not fade upon 
swirling or vigorous shaking. Carry out a blank determination by following the 
procedure as described but omitting the sample. 

Calculation.— 


(A — B) X Yens- X mol, wt . aldehyde X 100 

Gram sample X 2000 ' 0 a ^ e ^y^ e 

in which A = blank titration, and B = sample titration. 


GRAVIMETRIC METHOD FOR DETERMINING SMALL 
QUANTITIES OF CARBONYL MATERIALS 13 

This procedure employs die standard identification reaction for carbonyl com- 
pounds. This reaction is essentially quantitative for many aldehydes and ketones 
making the procedure quite generally applicable. 


« Siegel H„ and Weiss, F. T„ Anal. Ghent., 26, 917, 1954. Copyright 1954 by the 
American Chemical Society and reprinted with permission of the copyright owners 

a Method of Iddles H. A., and Jackson, C. E„ Ind. & Eng. Chem., Anal. Ed., 6? 454-156 
S Va tTw-, y S " in Q uan dtative Organic Analysis Via Functional Groups 
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where R and Ri could be a hydrogen atom. 

The reaction is also very specific; interferences consist mainly of materials that 
will oxidize the hydrazine to form tars, which are weighed with the hydrazones. 
This procedure is also applicable to the determination of acetals, ketals, and vinyl 
ethers. Since the hydrazine is in acid solution, it will hydrolyze the above-men- 
tioned compounds to the corresponding aldehyde or ketone, which will dien react 
with the reagent. 

The procedure described below is designed for water-soluble samples only. How- 
ever, since such a small amount of carbonyl compound is necessary (40 X 10-3 
mole), one can usually dissolve enough sample in water to yield enough carboxyl 
compound for analysis. 

Reagents. 2,4-DimtrophenyIhydrazine.— A saturated solution at 0°C. in 2 N 
aqueous hydrochloric add solution. Tin's solution contains about 4 mg, hydrazine 
per ml. 

Hydrochloric Acid Solution, 2 N. 

Procedure .— In a glass-stoppered flask is placed 50 ml. of reagent. To this is 
added the sample, whidi should contain approximately 40 X 10-3 mole of alde- 
hyde. The mixture is allowed to stand in an ice bath for 1 hour. In the case of 
die volatile carbonyl compounds such as acetaldehyde or acetone, It is advisable to 
shake the flask vigorously from time to time to ensure the reaction of any carbonyl 
mateiial which may be in the atmosphere above die reagent. After the period of 
standing, the precipitate is filtered off into a tared Gooch crucible or into a tared 
sintered glass funnel. The precipitate is washed with 2 N hydrochloric acid, then 
with water, and is dried in a vacuum desiccator over sulfuric acid. The precipitates 
can usually also be dried in an oven at 100°C. 

Calculations.— 


\vt. hydrazone , „ , 

: — X gravimetric factor X 100 = % carbonyl compound 

wt. sample 


COLORIMETRIC METHODS FOR TRACES OF CARBONYL 
MATERIALS 

COLORIMETRIC 2,4 -DIN l T R OPHEXYLHYDRAZOXli PROCEDURE 14 
Procedure .—' To 1 ml. of sample solution, adjusted to a concentration of 10 -4 to 
10~« A/, are added 1.0 ml. of 2,4-dinitrophenylhydrazine reagent (saturated car- 
bonyl-free methanol solution) plus one drop of concentrated hydrochloric acid. 
The mixture is heated on a water bath at 50° for 30 minutes or at 100° for 5 
minutes. After cooling, 5.0 ml. of 10% potassium hydroxide in. 80% aqueous 
methanol is added. The nearly black solution clears almost immediately to the 
characteristic wine-red color. The absorbancy is measured at 480 nv*. A blank 

i* Lappin, G. R,, and Clark, L. C., Anal. Chem., 23, 541-542, 1951. 



QUANTITATIVE ORGANIC ANALYSIS 467 

determination is made simultaneously using 1.0 ml. of carbonyl-free methanol in 

place of die sample. . 

The concentration of carbonyl compounds in the sample is determined eidier by 

calculation or by reference to a standard curve. 

COLORIMETRIC DETERMINATION FOR ALDEHYDES 
USING SCHIFF REAGENT 15 

Schiff reagent, prepared from rosaniline hydrochloride (basic fuchsin) and sulfur 
dioxide, was used in one of the earliest tests for aldehydes. 

Careful control of the ratio of sulfur dioxide to fuchsin was necessary for the 
preparation of the most sensitive reagent. For example, Tobie 10 dissolved 0.5 g. 
of basic fuchsin in 500 ml. of water and added 1.0 g. of sulfur dioxide. After 
allowing the solution to stand overnight, most of the red color had disappeared. 
The reagent was diluted to 1 liter with water and 1.0 g. of decolorizing carbon was 
added to remove the residual color. Tobie found that this method of preparation 
gave a reagent of sufficient sensitivity for use in the estimation of free aldehyde 
groups in aldoses. Storage of the reagent in a hydrogen atmosphere is recom- 
mended as an aid in stabilizing the reagent. 17 

The use of sulfites probably presents a more convenient method than direct 
sulfur dioxide addition for the preparation of Schiff reagent. Feulgen and 
Griinberg is and Hoffpauir and his co-workers 10 dissolved 1.0 g. of fuchsin in 100 
ml. of 1 N hydrochloric acid, added 5 g. ol sodium bisulfite, and diluted the solu- 
tion to 1 liter. Alexander and his co-workers 20 prepared the reagent in a few 
minutes by adding 0.5 g. of active sodium hydrosulfite to 100 ml. of 0.5% basic 
fuchsin. About 0.2 g. of activated carbon was added and the mixture was filtered. 
The resulting solution was light amber in color. 

Varying shades of red to blue-violet are given by reaction of aldehydes with 
Schiff reagent. The intensity of the color is function of the concentration of alde- 
hyde in die sample. 


DETERMINATION OF ACETALS 


OXIMATION 


Acetals can be determined by hydrolysis and oximation, both of which are 
effected by treatment with an 0.5 N acpieous solution of NH..OH-HC1. Methyl 
alcohol can be used to help dissolve the sample; however, the final solution should 
contain more than 10 to 25% water for the hydrolysis to be efficient. The acidity 
of die NHoOH-HCl is generally enough to cause hydrolysis, especially since the 
solution becomes more acidic as oximation proceeds. 

Acid can be added to hasten hydrolysis, but its amount must be deducted in the 
final calculation. 

The reaction mixture can be allowed to stand at room temperature for one-half 


Vork!i»3 d1 ' J " JV " ° r8an,C Analysis ’ VoL T ’ p - 284 ' 111 science Publishers, Inc., New 

Tobie, W. C., Ind. Eng. Chem., Anal. Ed., 14, 405-406, 1942. 

17 Fischbeck, K„ and Neundeubel, L., Z. anal. Chem., 104, 81-88, 1936 
!! F T eU ! 8en *. R -’ and Grunbevg, H., Z. physiol. Chem., 257, 161-172 1939 
Hoffpauir, C. L., et ah, Ind. Eng. Chem., Anal. Ed., 15, 605 1943 
*° Alexander, J„ et al„ Science, 111, 13, 1950. 
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to 1 hour in the case of the simple acetals. Refluxing can - be used to accelerate 
the reaction in more stubborn cases. 

The final reaction mixtuie is titrated potentiometrically with 0.5 or 0.1 N NaOH 
to the inflection point. 

The calculation is based on the following equation: 

_ Ml. NaOH X A y NaOH X Mol. Wt. X 100 
/0 cetal Grams sample X 1000 

Free aldehyde interferes and corrections for it should be made, applying the 
bisulfite method shown on p. 463. 

Formals generally are too resistant to hydrolysis to permit analysis by this 
method. However, a few cases can he determined aftei 2 hours of reflux. 

HYDRAZONE FORMATION 

The analysis using 2, 1-diiiitroplienylhydrazine given oil p. 466 can be applied 
to acetals. The method can be used on formals as well, since the hydrolytic condi- 
tions are more intense than those used above. 

The solubility of the sample and ol the precipitate are the limiting factors in the 
application of this method. 

Tiaces of acetals can be determined using the colorimetric method given on 
p. 466. 

CARBOXYLIC ACIDS 

GENERAL METHOD USING TITRATION WITH BASEST 

Carboxylic acids are most simply determined by titration with standard alkali. 
An aqueous system is usually adequate if the sample dissolves in water. If the 
sample is insoluble in water, it may dissolve in excess aqueous caustic, and the ex- 
cess caustic is titrated. A potcntioiuetric titration is advisable when one is work- 
ing with acids of unknown strength; an appropriate indicator can be chosen when 
the pH at the titration break lias been determined. 

For samples which are water insoluble or samples which give poor titration curves 
in an aqueous system, a nonuqueous system can be used. Much sharper breaks are 
obtained for weak acids m acetone, dimcthylformanudc, methanol-benzene, and 
ethylene glycol-isopropanol than are obtained in water. Out of these four, at least 
one solvent can be iouml that will dissolve stubborn samples. 

In the acetone solvent, the sample can be titrated with 0.1 N alcoholic (methanol) 
caustic. The ordinary glass and calomel electrodes can be used in potentiomeiric 
titrations in this solvent. 

In dimethylformamide, 2 - the sample can be titrated with 0.1 to 0.2 N sodium 
methylate in benzene-methanol. (About 5 g. of sodium are cleaned with methanol 
and then dissolved In loo ml. ol absolute methanol. Cooling in ice water may be 
necessary at times to slow down the reaction. When all the sodium has reacted, 
150 ml. of methanol and 1500 ml. of benzene are added.) Thymol blue in a 0.3% 

21 Siggia, S., Quantitative Organic Analysis Via Functional Groups, 2nd Ed., John Wiley 
and Sons, Inc., New York, pp. 41-12, 1954. Repiinted with permission of the copyright 
owners. 

22 rritz, J. S., Actd-Base Titrations in Nonaqueous Solvents, The G. Frederick Smith Co., 
Columbus, Ohio, pp. 28-29, 1952. 
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solution in methanol can often be employed as indicator. The glass and calomel 
electrodes can be used in this solvent as can the antimony-calomel electrodes. 

Benzene-methanol 23 is a good solvent for titrating acids. The titrant is the same 
as diat used in dimethylformamide. The authors claim that an antimony vs. a 
calomel electrode should be used and that a little lithium chloride should be added 
to decrease the resistance in the solutions. However, the author of this section has 
been able to use the glass and calomel electrode satisfactorily without electrolyte. 
There may be a difference in behavior of the electrodes depending on the materials 
being determined, so it is best to keep both electrode systems in mind should one 
fail to operate in the particular analysis being made. 

A 1:1 ethylene glycol-isopropanol system has been used 24 for titrating weak acids. 
In titrating acids, alcoholic sodium hydroxide is used as titrant. Ihe breaks ob- 
tained in this solvent are usually not as intense as those obtained in the aforemen- 
tioned organic solvents. However, the breaks are still quite good, and, since this 
mixture is an excellent solvent, it can be applied to samples which may be diffi- 
cultly soluble in the above solvents. The glass and calomel electrodes can be used 
in this solvent mixture. 


CARBOXYLIC ACID SALTS 

GENERAL METHOD USING TITRATION IN GLACIAL ACETIC ACID 
The method described for determining amines on p. 488 can be used equally 
well for titration salts of carboxylic acids. 

CARBOXYLIC ACID ESTERS 


GENERAL METHOD USING SAPONIFICATION 23 


Esters may be very simply determined by saponification with standard alkali solu- 
tions. Any free acid or base in die sample should be determined beforehand. 

Procedure.— A sample containing about 0.01 mole of ester is weighed into a 250- 
ml. glass-stoppered Erlenmeyer flask with a condenser to fit the ground joint for use 
with volatile or water-insoluble samples. To the sample is added 50 ml. of 0.5 N 
sodium hydroxide, aqueous if the sample is soluble in water or alcoholic if the 
sample is insoluble in water. The solution is heated for 2 hours on a steam bath 
(longer if the particular ester is difficultly saponifiable). The heating should be 
under reflux for volatile samples or if alcoholic sodium hydroxide is used. After 
the specified length of time, the excess alkali is titrated with standard 0.5 N acid, 
phenolphthalein indicator being used. Alkali resistant glassware should be useck 
especially in cases of low ester content. Lower concentrations of reagents can be 

• used for low ester contents keeping in mind lower reactivity at the lower concen- 
trations. 

For esters that saponify with difficulty, amyl alcohol can be used as a solvent 
instead of methanol. Amyl alcohol has a higher boiling point, and this will ac- 
celerate the reaction. Potassium hydroxide should be used in amyl alcohol because 
it has a greater solubility than sodium hydroxide in this solvent. Also concentra 


23 Fritz, J. S„ and Lisicki, N. M., Anal. Chem., 23, 589-591, 1951 
' 4 S -> Ind - Eng. Chem., Anal. Ed., 18, 246-251, 1946. 
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tions o£ potassium hydroxide up to 5 2V can be used for saponifying very stubborn 
esters. However, when this is done, the potassium hydroxide must be standardized 
each day and a blank should be heated for the same length of time as the sample, 
since some hydroxide is lost under these extreme conditions either by reaction with 
the glass or with some impurity m the amyl alcohol. 

For samples insoluble in the alcoholic solvents alone, benzene can be included. 
It is a good idea to dissolve the sample in sufficient benzene that, when the alco- 
holic base is added, the sample will remain in solution. For titrating die excess 
base in this solvent system as well as in the amyl alcohol, a standard solution of 
hydrochloric acid in 1:1 ethylene glycol-isopropanol can be used. Phenolpluhalein 
indicator can be used in most cases, but potcntiomctric titration with die glass aiid 
calomel electrodes can also be employed. These electrodes operate well in Jill 
these solvents except in the benzene-alcohol systems when the amount of benzerte 
exceeds the amount of alcohol. 

Calculations.— 


Milliliters of acid to titrate 50 ml of the alkali 
— milliliters of acid for sample = A 

A X N acid X mol, vvt. ester X 100 _ ~ 

Grams sample X 1000 0 CSler 

CARBOXYLIC ACID AMIDES 

GENERAL METHOD BY TITRATION OF AMIDES AS BASES™ 

Apparatus.— A glass electrode (Beckman No. 4990-80) and a slcevc-type calomel 
electrode (Beckman No. 1170-71) were equilibrated by soaking in acetic anhydride 
for 12 hours prior to use. To minimize liquid junction potentials and to promote 
reproducibility, the aqueous bridge in the calomel cell was replaced with a 0.1 M 
solution of anhydrous lithium perchlorate in acetic anhydride. Lithium chloride 
proved to be too insoluble in acetic anhydride for use as a supporting electrolyte 
in the bridge solution. 

Reagents and. Solutions .— L vAvwvkv yy«cW,ovzAt, ovAvydiows *Ak, is Available from 
the G. Frederick Smith Chemical Company, Columbus, Ohio. 

Acetic Anhydride.— ACS reagent grade. 

Glacial Acetic Acid.— ACS reagent grade. 

Dioxane.— Purified by allowing to stand several days over NaOH, or by addition 
of LiAlH 4 and flask distilling (observe necessary cautions with LiAlH 4 ). 

Peichloric Acid.— 70% vacuum distilled, available from the G- Frederick Smith 
Chemical Company, Columbus, Ohio. 

Perchloric Acid.— A 0.1 N solution in acetic acid is prepared by dissolving ap- 
proximately 9 ml. of 70% perchloric acid in acetic acid, adding 25 nil. of acetic 
anhydride, and diluting to 1 liter with acetic acid. The solution is allowed to start 
24 hours prior to use. The titrant is standardized either visually or potentiometfi - 
cally against primary standard potassium acid phthalate dissolved in acetic acid. 

Perchloric Acid in Dioxane.— This is prepared and standardized by the procedure 
of Fritz and may be used as an alternative titrant. 

26 Method of Wimer, D. C., Anal. Chem., 30, 77, 1958. Copyright 1958 by the American 
Chemical Society and reprinted with peimission of the copyright owners. 
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Procedure .-A 0.006- to 0.009-mole sample is diluted to 100 mL ™th ^ ce “ c a ^ 
hydride in a volumetric flask. A 10-ml. aliquot is transferred to a taU-fornr beakei, 
100 ml of acetic anhydride are added, and the titration is carried out with 0.1 
perchloric acid in acetic acid. The end point of the titration may be determined 
by inspection or by calculating maximum change in potential foi small increments 

of perchloric acid added. 


GENERAL METHOD BY SAPONIFICATION - T 

Reagents. Potassium Hydroxide.— 1.0 N solution in ethylene glycol. 

Hydrochloric Acid.-Standard 0.5 N. 

Ethyl Ether, c.p. 

Bromophenol Blue.-1.0% alcoholic solution. 

Procedure.- Into each of two 250-ml. glass-stoppered Erlenmeyer flasks introduce 
exactly 50 ml. of die 1.0 N potassium hydroxide solution. Reserve one of the flasks 
as a blank. Into the other flask introduce an amount of sample, containing up to 
6 milliequivalents of the amide. Fit each flask with a suitable reflux condenser 
and place die sample and blank on a hot plate. Bring the contents of the flasks 
to a boil and allow to reflux for 6 hours. Remove the flasks from the source of 
heat and rinse down the condenser with 25 ml. of distilled water, collecting the 
rinsings in the flask. Remove the condenser and add 30 ml. of ethyl ether to each 
flask. Add eight to ten drops of the bromophenol blue indicator and titrate with 
standard 0.5 N hydrochloric acid to a yellow-green end point. If acetanilide or 
acetotoluides are being analyzed, use thymol blue indicator and titrate from a 
yellow to a red end point. 

Calculation.— 


(A - B)NX E. IV. 
Grams sample X 10 


= amide, % by wt. 


where A = milliliters of N normal HC1 required for the blank 
B = milliliters of N normal HC1 required for the sample 
E. W. = equivalent weight of amide 

Discussion.— Because of the excessive reaction time required and the possible loss 
of reagent by reaction with die glass container, determinations of amides usin° 
saponification reactions are seldom used. However, because of the limited number 
of procedures available for the determination, the method has value. In the case 
of primary amides where one of the hydrolysis products is ammonia, the saponifica- 
tion has been modified by evolving the ammonia formed into excess standard acid 
and die excess acid determined by titration « Nitriles will interfere in this method. 


GENERAL METHOD BY REDUCTION TO THE CORRESPONDING 

AMINE 2 9 


Reagents. Lithium Aluminum Hydride.-Ten grams of lithium aluminum hy- 
dride are refluxed with 500 ml. of anhydrous diethyl ether for several hours. If the 


-> Olsen, S„ Die Chemie, 56, 202, 1943, as described by Hillenbrand and p Pnf , • 
Organic Analysis, Vol. Ill, Interscience Publishers, Inc., New York, p. 190, 1956. 

" Siggia, S., Quantitative Organic Analysis Via Functional Groups 2nd Erl' inhn wi 
and Sons Inc 1954, p. 47. Reprinted with permission of the comrhh ownei ky 

^Method of Siggia, S., and Stahl, C. R„ Anal. Chem., 27, 550-5 59 jo » r . . 
bv the American Chemical Society and reprinted with pemfeta 
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hydride is finely divided, it will dissolve in a relatively short time. Insoluble prod- 
ucts, formed by the reaction of impurities in the ether with the lithium aluminum 
hydride, settle on cooling, and the clear solution can be pipetted off as needed. 
The solution should be protected from atmospheric moisture. The usable life oi 
the solution is about one month. 

Sulfuric Acid.— Standard 0.02 AT. 

Sodium Hydroxide.— Standard 0.02 Ah 

Sodium Hydroxide.— 6 Ah 

Methyl Purple Indicator.— Fleisher methyl purple available from Burrell Corpo- 
ration, Pittsburgh, Pa. 

Ethylene Glycol. 

Isopropyl Alcohol. 

Distillation Apparatus .—' Hie distilling apparatus used in Procedure A is the 
standard Kjeklahl steam distillation equipment. 

The distilling apparatus in Procedure B consists of a 200-ml. round-bottomed 
flask connected to a Kjeldahl bulb which 
is attached to a water condenser by a 
75° connector. A stopcock and funnel are 
scaled on the connector at the bend so that 
ethylene glycol can be dropped into the 
Hash (see Fig. 19-1). 

Procedure A.— An exactly weighed sam- 
ple containing approximately 0.0006 mole 
of amide is placed in a 100-mi. Kjeldahl 
flask, and 5 ml. of lithium aluminum hy- 
dride reagent arc added. The solution is 
allowed to stand for 15 minutes at room 
temperature to ensure complete reduction 
of the amide, and the flask is then attached 
to the Kjeldahl distillation apparatus. A 
200-ml. Erlenmeyer flask containing ex- 
actly 50 ml. of 0.02 N sulfuric acid is placed on the apparatus, so that the end 
of the condenser is below the surface of the acid. Water is added dvopwise to 
the reaction flask until the excess lithium aluminum hydride is decomposed. Ten 
milliliters of 6 N sodium hydroxide are added and steam distillation is carried out 
as in a Kjeldahl determination. About 50 ml. of distillate are collected in the 
0.02 N sulfuric acid and the excess acid is titrated with standard 0.02 N sodium 
hydroxide to die green end point of methyl purple indicator. Per cent amide is 
calculated as follows: 



I (Titration for 50 ml. of acid — titration for sample) 1 

j X Nof NaOH X M.JV. amide X 100 J 

wt. of sample X 1000 


= % amide 


Procedure B .~ A weighed sample containing approximately 0.0006 mole of amide 
is placed in a 200-ml. round-bottomed flask, and 10 ml. of lithium aluminum hy- 
dride reagent are added. The mixture is refluxed on a steam bath for 0.5 hour. 
The flask is cooled to room temperature and the excess reagent is decomposed by 
dropwise addition of water. After the reagent is completely decomposed the sides 
of the flask are washed with about 10 ml. of water, and 5 ml, of 6 AT sodium hy- 
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droxide are added. A few boiling chips and 25 ml. of ethylene glycol are added 
before tire flask is attached to the distilling apparatus. The solution is distilled a 
a rapid rate nearly to dryness and 25 ml. of ethylene glycol are added through the 
Stopcock on die connector at such a rate that boiling does not stop, File add 101 
and distillation of 25-ml. portions of ethylene glycol are continued until 100 . 

have been distilled. The condenser is washed with approximately 50 ml. of hot 
isopropyl alcohol, and the amine contained in the distillate and washings is titrated 
po ten dome trically with 0.02 N sulfuric acid. Per cent amide is calculated in the 
following manner: 


% Amide = 


ml. of H 2 SOr X N of H 2 SO 4 X mol, wt. X 100 
Wt. of sample X 1000 


Nitriles constitute interferences in this method. 

CARBOXYLIC ACID CHLORIDES 


GENERAL METHOD INCLUDING DETERMINATION OF FREE HYDRO- 
CHLORIC ACID AND FREE CARBOXYLIC ACID ALONG WITH 
THE DETERMINATION OF ACID CHLORIDE™ 

Reagents. Acetone, c.p. 

Anhydrous Diethyl Ether. 

Chlorobenzene. 

Sodium Hydroxide.— 0.5 N and 0.1 N. 

IV-Tripropylamine in Chlorobenzene.— Standard 0.1 N. 

m-Chloroaniline.— Freshly distilled. 

The tripropylamine may be standardized against maleic acid dissolved in acetone 
or against a solution of dry hydrogen chloride in ether-chlorobenzene, which has 
been standardized by dissolving an aliquot in acetone-water and titrating with 
standard 0.1 N sodium hydroxide. If the maleic acid standardization is used, it 
should be remembered that only one carboxy group on the maleic acid can be 
titrated widi tripropylamine. 

Procedures. Method A.— An exactly weighed sample of acid chloride containing 
not more than 0.001 mole of hydrogen chloride is dissolved in a 1:1 mixture of 
edier-chlorobenzene and titrated potentiometrically (using glass or calomel elec- 
trodes) with standard 0.1 N tripropylamine in chlorobenzene, using a 10-ml. buret. 
Only the hydrogen chloride titrates and the break occurs between 350 and 150 mv. 
Per cent hydrogen chloride is calculated using the following equations: 

Ml. X N TPA 

Wt. of sample X 1000 = m ° le ° f HCi per ?ram of sample 


Mole of HCI per gram of sample X 100 X 36.5 = % HCI 


Method B.-A sample containing approximately 0.01 mole of acid chloride plus 
tree carboxylic acid is weighed in a glass-stoppered weighing bottle or in a sealed 
ampoule. Sealed ampoules should be used for all volatile acid chlorides. The 
weighed sample is placed in a 250-ml. glass-stoppered flask containing 5 ml. of 
m-chloroamhne and 2d ml. of acetone. If the sample is weighed in a weighing bot- 


so Stahl, C. R„ and Siggia, S., Anal. Chem., 
Ameucan Chemical Society and reprinted, with 


28, 1971, 1956. Copyright 1956 by the 
permission of the copyright owners. 
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tie, the stopper should be removed just before the sample is placed in the flask and 
tile weighing bottle slid down the side of the flask, so that the sample and reagent 
do not mix. The flask is scaled with stopcock grease and is shaken to mix the 
sample and reagent. The contents of the flask are cooled slightly below room tem- 
perature in running tap water or in ice, and the flask is allowed to stand 5 minutes 
to ensuic complete reaction. 

After the reaction is complete, the stopper is removed and 5 ml. of distilled water 
are added. The stopper is replaced and the flask is shaken to dissolve the amine 
hydrochloride formed in the reaction. Then the contents of the flask arc washed 
into a beaker with acetone. Using a pH meter equipped with a glass-calomel 
electrode system, standard 0.5 N sodium hydroxide is added from a buret until the 
pH of the solution is approximately 4. The volume of 0.5 N sodium hydroxide is 
read, then the solution is titrated poicntiomcirically with standard 0.1 N sodium 
hydroxide. 

The first break, which occurs between pH 5 and 6, represents the neutralization 
of the amine hydrochloride formed b) die reaction of the m-chloroaniline with the 
acid chloride and free hydiogen chloride. The equivalents of 0.1 N sodium hy- 
droxide plus the equivalents of 0.5 A’ sodium hydroxide added, equal the equiv- 
alents of acid chloride plus hydrogen chloride in the sample. The second break 
occurs between pH 8 and 0.5 and represents the titration of the free carboxylic acid. 

Two concentrations of standard sodium hydroxide are used. A rather large 
sample is required to obtain a sufficiently large titration for the free carboxylic acid, 
which is usually present in relatively small quantities. The total titration would 
be large if 0.1 iV hydroxide were used, and the titration lor free carboxylic acid 
would be small if 0.5 N hydroxide were used in the total titration. In this proce- 
dure, the bulk of the acidity is neutralized with 0.5 N reagent, and the 0.1 N hy- 
droxide is used to carry the titration through the two neutral points. Per cent acid 
chloride is calculated as follows: 

(Ml. of 0 5 N NaOH X N) + (ml. of 0.1 A r NaOH X iV) 

Wt. of sample X 1000 

= moles of acid chloride + HC1 per gram of sample 

(Mole of acid chloride + HG1 per gram) — (mole HC1 per gram) 

= mole acid chloride per gram 

Mole of acid chloride per gram X 100 X mol. wt. of acid chloride = % acid chloride 
Per cent free carboxylic acid is calculated using the following equation : 

(Ml to second break — ml. to first break) X A' of NaOH X mol, wt. of acid X 100 
Wt. of sample X 1000 

= % free carboxylic acid 

CARBOXYLIC ANHYDRIDES 

GENERAL METHOD USING REACTION WITH ANILINE « 

Reagents. Ethylene Glycol— isojiropyl Alcohol Mixture. — 1 ■ 1 by volume. 

Hydrochloric Arid.— Standard 0.2 A f in ethylene glycol-isopropyl alcohol mixture 

31 Siggia, $., and Hanna, J. G., Anal. Chem., 23, 1717, 1951. Copyright 1951 by the 
American Chemical Society and reprinted with permission of the copyright owner. 
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(19 ml. of concentrated hydrochloric acid diluted to 1 liter with 1:1 ethylene glycol- 
isopropyl alcohol). 

Aniline, c.p. , , . , . 

Procedure.— A sample containing approximately 0.004 mole of acid anhydride is 

accurately weighed in a 20 X 150 mm- test tube. If the sample contains an acid 
anhydride which requires heat for complete reaction, it is weighed in a 50-ml. con- 
denser flask. Aniline is added to the sample drop by drop until 0.9 g. has been 
added. This is accurately weighed. The sample is allowed to stand in the test 
tube 5 minutes. The condenser flask is attached to a condenser in a reflux position 
and immersed in a beaker of boiling water for the required length of time. The 
reaction mixture is transferred quantitatively from the test tube or the condenser 
flask to a 150-ml. beaker with 1 : 1 ethylene glycol-isopropyl alcohol mixture. Ethyl- 
ene glycol-isopropyl alcohol mix is added until the volume is approximately 50 ml. 
A pH meter is used to indicate the apparent pH after each addition of acid as the 
sample is titrated with 0.2 M hydrochloric acid prepared in the ethylene glycol- 
isopropyl alcohol mixture. The neutralization point is determined by plotting the 
apparent pH against milliliters of acid. A blank is run on the aniline by titrating 
an accurately weighed amount, approximately 0.4 g„ potentiometrically with 0.2 N 
hydrochloric acid in the ethylene glycol-isopropyl alcohol mixture. 

Calculations.— 

(* — a) X normality of HC1 X mol. wt. of acid anhydride 

roWx wt/of sample X 100 “ % acid anh >' dride 

when a equals milliliters of acid used to titrate excess aniline, and * equals milli- 
liters of acid needed to titrate total amount of aniline used. The aniline used 
should not be assumed to be 100%, but should be assayed so that this value is a 
correct one. The aniline can be assayed by titration as described above. 

Free carboxylic acids in the anhydrides do not interfere. 


UNSATURATED COMPOUNDS 
GENERAL METHOD BY BROMINATION 3 - 

Reagents.— 

Bromate-Bromide Solution, 0.1 N. 

Mercuric Sulfate, 0.2 Ah-950 ml. water; 28 ml. cone. H.,SO^ 30 g HeSO 
Carbon Tetrachloride, c.p. " 4 S S 

Glacial Acetic Acid, c.p. 

Potassium Iodide, 20%. 

Sulfuric Acid, 6 N. 

Sodium Thiosulfate, 0.05 N. 

Starch Indicator Solution. 

Sodium Chloride, 2 N. 

Procedure.-Water-soluble samples are diluted to 0.08 N in unsaturation and a 
2a-ml. aliquot taken (0.002 equivalent in unsaturation). aturation and a 

Hydrocarbon-soluble samples are dissolved in carbon tetrachloride. 

14$; S le 1n Qln^dtative^O^ 15 ' A - nal * Ed - 10 ’ H0- 

C.roups, 2nd Ed., John Wiley and Sons/ln^^ew^ork ^ 69-71 

pei mission of the copyright owner. ’ ^ 9o4. Reprinted with 
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When volatile, the sample is weighed in a sealed glass ampoule and placed in 
a volumetric flask of convenient volume to give a 0.08 N solution in terms of un- 
saturation, along with enough carbon tetrachloride or water to cover the ampoule. 
The volumetric flask is chilled in ice water, and the ampoule is then broken with 
a glass rod. The rod is rinsed with chilled carbon tetrachloride or water, and the 
solution is made up to the mark with the same chilled solvent. To pipet a sample 
of this solution, vacuum should not be applied. Instead, the pipet is equipped 
with a 2-hole rubber stopper to fit the volumetric flask, and a piece of glass tubing 
is inserted in the other hole. The solution is then blown into the pipet by com- 
pressed air or by mouth. 

A calculated excess (10 to 15%) of 0.1 N bromate-bromide solution (about 25 ml.) 

is introduced into a 250- to 300-ml. Erlenmeyer flask having a 
glass stopper equipped with a scalcd-in three-way stopcock (see 
Fig. 19-2). If the amount of unsaturation in the sample is un- 
known, a preliminary analysis is made with a large excess o[ 
bromate-bromide solution. From this result the desired excess 
can be calculated. The reason for avoiding the large excess is 
to minimize substitution, which leads to high results. If the ex- 
cess is less than 10 to 15%, the addition proceeds so slowly toward 
the end of the bromination that the bromination may not be 
complete in the specified time. 

After the addition of the bromate-bromide solution the flask 
is evacuated through tube A with a water aspirator, and 5 ml. 
of 6 N sulfuric acid is added by means of the funnel attachment 
B on the stopper, 2 or 3 minutes being allowed to elapse for the 
bromine to be liberated. Next, 10 to 20 ml. of 0.2 N mercuric 
sulfate is added, followed by the sample containing solution (25 
ml. of the sample solution should be used if the concentration is 0.08 N with re- 
spect to unsjturation). Water or carbon tetrachloride, depending on which was 
used to dissolve the sample, should be used to rinse the sample into die flask. A 
total of 15 ml. of wash liquid in three portions should be employed. In the case 
of samples dissolved in carbon tetrachloride, 20 ml. of glacial acetic acid is added. 
When the samples are dissolved in water the acetic acid is omitted. The flask is 
then wrapped in black cloth and is shaken for 7 minutes (time may vary with some 
samples). Then 15 ml. of 2 iV sodium chloride and 15 ml. of 20% potassium iodide 
are added and the flask shaken for about one-half minute. The vacuum is broken, 
and the free iodine is titrated with 0.05 N sodium thiosulfate, starch indicator being 
used. A blank, with about one-third the amount of bromate-bromide solution used 
in the analysis, is run under die same conditions as the samples. 

Calculations.— 



Fig. 19-2. Bro- 
mination Appa- 
ratus. 


(Ml. for blank — ml. for sample) X N thiosulfate X mol, wt. compound X 100 
Grams sample X 2000 X B 

— % compound 

B — number of moles bromine absorbed by compound being determined 


Discussion.— The molar ratio of mercuric ion to bromide ion should be greater 
than one if the mercuric salt is to have sufficient catalytic effect. Sodium chloride 
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is necessary to liberate free bromine from its complex with mercuric sulfate. Acetic 
acid is necessary to solubilize tire unsaturated compound in the water layer. 

The 7-minute shaking is enough for most samples, but some samples require a 
longer time. Maleic and fumaric acids in water require one-half hour in the pres- 
ence of mercuric sulfate for complete reaction. 

Cinnamic acid requires no mercuric sulfate for quantitative results, in fact, mer- 
curic sulfate is detrimental since it causes substitution. Propriolic acid, dimethyl- 
butadiene, and propargyl alcohol substitute bromine and yield high results vyhen 
determined by this method. Because of varying amounts of substitution for differ- 
ent compounds, it is difficult to ascribe a general accuracy and precision value to 
this procedure. 

Absorbed oxygen in solutions of alkynes and exposure to sunlight generally 
affect results significantly. 

Interfering substances consist of phenols and amines, which substitute bromine 
and also hydrazines, some aldehydes, and other materials which are oxidized by 
bromine. The analyst must be alert for substitution reactions which will yield 
high values for unsaturation. 

GENERAL METHOD BY IODINE NUMBER 33 

There are instances when the preceding bromination procedure for determining 
unsaturated compounds cannot be used because the bromine not only adds on the 
unsaturated linkage but also substitutes some of the hydrogen atoms on the com- 
ponents in the sample. 

Reagents. Hanus Iodine Monobromide Solution.— 13.6 g. of c.p. iodine are dis- 
solved in 825 ml. of glacial acetic acid by warming and stirring. The solution is 
cooled, and 25 ml. are pipetted out, diluted to about 200 ml., and titrated with 
0.1 A r diiosulfate. 

Three milliliters of c.p. bromine are added from a buret to 200 ml. of glacial 
acetic acid, mixed well, and 5 ml. are pipetted out. This is diluted to about 150 
ml. with water, and 10 ml. of 15% potassium iodide solution is added. The 
liberated iodine is titrated with 0.1 N sodium thiosulfate. The titration for the 
5 ml. of bromine solution should be approximately 80% of the titration of the 
25 ml. of the iodine solution. 

The amount of bromine solution to be added to the remaining 800 ml. of iodine 
solution is calculated as follows: 


800 X 


Titration of iodine so lution/25 
Titration of bromine solution/5 


After mixing, the solution is diluted to 1 liter with acetic acid and stored in a 
glass-stoppered amber bottle. A blank should be run with each determination or 
widt each set of determinations, if more than one sample is run at one time 
Sodium Thiosulfate.— Standard 0.1 N. 

Potassium Iodide Solution, 15% 

Starch Indicator Solution. 


Procedure.-A sample is taken of such a size that titration of die sample solution 
wdl be at least 60% that of the blank. If the sample titration comes to less than 

Hanus method is described in Snell. F D and Riffpn v xr r- 
of Analysis, McGraw-Hill Book Co., Inc., New York, pm al p Me * hods 

with permission of the copyright owner. * o mo, /iy, 1944. Reprinted 
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60% of tli at of the blank, not enough reagent is present for complete reaction, and 
the analysis should be repeated with a smaller sample. 

The samite is dissolved in chloroform or carbon tetrachloride using a 250-ml 
iodine flask. If warming is necessary to dissolve the sample, the solution should be 
cooled to room temperature before the Hanus solution is added. The same volume 
of solvent is put in a separate flask. Into each of these flasks is pipetted 25 ml. 
of Hanus solution, and the flasks are shaken to ensure homogeneity. The samples 
aie allowed to stand for exactly 30 minutes with occasional shaking. After that 
time, 50 to 100 ml. of water are added, and also 10 ml. of 15% potassium iodide 
solution. The liberated iodine is titrated with 0.1 AT thiosulfate until the iodine 
color has almost disappeared. One milliliter of starch indicator is added, and 
the titration is continued until the blue color is discharged. The flask should be 
agitated quite vigorously when the reaction is near the end point to ensure ex- 
traction of all the iodine from the organic layer. 

Calculations.— Ml. of thiosulfate for blank — ml. of thiosulfate for sample = A 


/IX N thiosulfate X 126.9 X 100 
Grams sample X 1000 


% iodine 


centigrams iodine 
gram sample 


(The calculation is given in these arbitrary units because this procedure is used 
mostly on hydiocarbons, fatty acids, and esters where no clean-cut compound exists 
but a mixture of unsaturated compounds is present. There is no conclusive mo- 
lecular weight which can be used in these cases. When definite compounds are 
being determined, substitute the molecular weight of the compound for the 126.9, 
and divide by 2 for each double bond present since 2 equivalents of iodine are in- 
volved per double bond. The equation will then yield the per cent compound.) 
Any compound which is Teadily oxidized will also give erroneous results. 

It was found advisable to check each new batch of Hanus solution against a 
standard to ensure proper preparation. Corn oil was used because of its stability 
and because it is so readily adapted to this procedure. 


GENERAL METHOD BY HYDROGENATION 31 

Procedure .— About 3 ml. of solvent and about 0.5 g. of catalyst are added to the 
hydrogenation vessel. The amount of catalyst is not critical. If a larger amount 
of catalyst is used, the hydrogenation of the compound proceeds mote rapidly. 
The time required to saturate the catalyst, however, is much longer, so that no 
time is saved. When a small amount of catalyst is used, the sample hydrogenates 
more slowly, but the time is saved in saturating the catalyst. 

A weighed sample which will consume about 0.0002 male of hydrogen is put in 
the cup indicated by A in Fig. 19-3. If the sample is a solid it is weighed in a 
small aluminum boat or envelope. The boat is placed in the cup. Liquid samples 
are weighed in small glass receptacles or in gelatin capsules. (When using cap- 
sules, water must be used as the solvent.) All joints and stopcocks should be well 
greased to prevent hydrogen leakage. 

The system is flushed with a slow stream of hydrogen for 3 to 5 minutes, intro- 
ducing the hydrogen through stopcock at B, which is in position as indicated; the 
mercury level is as near the stopcock as possible. The hydrogen is allowed to 

34 Siggia, S., Quantitative Organic Analysis Via Functional Groups, 2nd Ed., John Wiley 
and Sons, Inc., New York, pp. 74-77, 1954. Reprinted with permission of the cop) rig 
owner. 
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i, p Aftpr 3 to 5 minutes stopcock C is closed and the 
below Che calibradons on Che b ure . Then 

stoocock B is turned to position D and the hydrogen is disconnected. 

Tpressure^ of about 3 cm. of mercury is applied and die stirrer started. Stirring 
is brought about by a rotating magnet under the reaction flask with a small glass- 
overed i on paddle inside the flask. These magnetic stirrers can be purchased 
dr they can be improvised by attaching a magnet to the shaft of a stirring motor. 
The more vigorous die agitation, the more 
rapidly will the catalyst be saturated and 
the sample hydrogenated. When the mer- 
cury level ceases to rise, it signifies that the 
catalyst is saturated. The leveling bulb is 
then raised and stopcock C is opened slowly, 
allowing hydrogen to escape until the mer- 
cury level is within the calibrations on the 
gas buret. The stopcock is again closed, 
and about 5 to 10 minutes are allowed for 
the apparatus to come to equilibrium. The 
buret reading and the temperature are 
noted. The sample is then allowed to fall 
into the solvent by turning A. About 3 cm. 
of pressure is applied as agitation is con- 
tinued, until the level of the mercury ceases 
to rise. The buret reading is taken and 3 
cm. of pressure again applied for 10 minutes 
to ensure complete reaction. The tempera- 
ture is again noted. 

For accurate results, the volume of the 
apparatus is needed to correct hydrogen- 
volume readings when the temperature at 
the end of an analysis is different from the 
temperature at the beginning. If this is not 
done die volume readings will be in error 
because of expansion or contraction of the 
hydrogen in die free space of the apparatus. 

The volume of the apparatus is measured by completely filling it (up to the top 
mark on the buret) with water and then weighing the water. The correction is 
made by adding the volume of the apparatus to the volume between the top mark 
and the level of die mercury at the end of the hydrogenation minus the volume 
of solvent used. This equals the volume of free space at the end of the hydromma- 
uon. This volume is corrected for temperature changes which may have occurred 
dunng the determination by the following equation: 

Vi _ Vo 

— jT \T = absolute temperature) 

The difference between the volume before the temperature correction and die vol 
ume after die correction is the volume change clue m ■ vo1 

of die <ms in die inmnmc 1 ^ ° ■ t0 ex P ansion or contraction 

iron, are volume oi hydrogen consumed os Aj? £ 
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whether the final temperature was lower or higher than the initial gas temperature. 

Low-boiling solvents are to be avoided because temperature changes affect the 
vapor pressure of the solvent. Since the low-boiling solvents exhibit significant 
variations in vapor pressure over the range of temperatures encountered in the 
room, significant errors can result in the volume measurements. 

In tliis procedure a 7-ml. buret is used. Results have an accuracy and pre- 
cision of ±5%. If a 50-mi. gas buret is used and the sample is five to eight times 
larger (the remainder of the apparatus remaining exactly the same), the results will 
be accurate and precise to ±1 to 2%. 

Oxygeu should be completely eliminated from the apparatus since it will con- 
sume hydrogen. Any other materials which can be reduced with hydrogen will, 
of course, interfere. 

Calculations.— 

Volume of hydrogen consumed (corrected for any temperature fluctuations) = V t 
Volume of hydrogen converted to 0°C. = Vo 
The temperature of the experiment = T°C. 4-273 
The temperature at 0°C. = 273 

Vt _ Vo 

T° C. + 273 273 

Fo/22,400 moles hydrogen consumed 

Grams sample/mol. wt. sample mole sample 

Caution.— All Raney nickel should be stored under alcohol (preferably a high- 
boiling alcohol). Dry Raney nickel will react with atmospheric oxygen, emitting 
sparks which can ignite any surrounding combustible material. The presence of 
hydrogen increases the hazards. None of the catalyst should be allowed to dry in 
the apparatus, on the desk top, or on the implements used to introduce the cata- 
lyst into the apparatus. 

Adam’s catalyst when dry will glow in the presence of hydrogen and oxygen. 
Hydrogen is adsorbed on the catalyst and reacts with oxygen, emitting much heat. 
When the catalyst is put in the apparatus, it should be completely wet with solvent. 
Any dry particles ol catalyst will glow as soon as the hydrogen is introduced, caus- 
ing either the solvent vapors to flash or the hydrogen-air mixture to explode. 

GENERAL METHOD FOR DETERMINING ACETYLENIC 
HYDROGEN COMPOUNDS (HC = C-) 3S 

HGsCR + 2AgNOj -► AgteCR*AgN0 3 + HNO s 

Reagents. Sodium Hydroxide, 0.02 N .— For samples containing less titan 1% 
acetylenic compound. 

Sodium Hydroxide, 0.1 N .— For samples containing more than 1% acetylenic 
compound. 

Silver Nitrate Solution.— 100 g. of silver nitrate dissolved in water and diluted 
to I liter (store in dark bottle). For die working solution, 35 ml. of the aqueous 
silver nitrate solution is diluted to HO ml. with 95% ethanol. 

35 Method described by Altieri, V. J„ Gas Analysis and Testing of Gaseous Materials. 
American Gas Assoc., Inc., pp. 330-332, 1945. Reprinted with permission of the copyright 
owners. 
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Indicator-— Alcoholic solution composed of a mixture of 0-1% methyl red 
0 05°/ methylene blue. Store in a dark dropping bottle. 

Procedure.— In a 250-ml. Erlenmeyer flask 50 ml. of silver nitrate solution is 
placed together with the sample, which should contain 0.002 equivalent of acety- 
lenic hydrogen if the 0.1 N sodium hydroxide is to be used m the final titration, 
or 0.0004 equivalent of acetylenic compound if the 0.02 N sodium hydioxide is 

to be used. , _ . , 

About six drops of indicator are added, and the contents of the flask are titrated 

with the sodium hydroxide solution of appropriate strength. The end point is 
the change of the red color of the indicator to a dull yellow. 

The above procedure is accurate and precise to ±0.5 to 1.0%. It was tested 
with 3-butyne-l-ol; ethynylcyclohexanol, 1-hexyne and 3-butyne-2-ol. Any acidic 
or basic materials in the sample will interfere; they should be determined on a 
separate sample, and the proper correction applied to the acetylenic hydrogen re- 
sult. Aldehydes or other reducing substances interfere by reducing the silver ions 
to metallic silver, which darkens the solution to such a degree as to completely 
obscure the end point. Also, the acids formed on the oxidation of the aldehyde 
would interfere even if the metallic silver formed did not obscure the end point. 

Caution.— Silver salts of acetylenic compounds are explosive when dry. Destroy 
these salts by dissolving in dilute nitric acid; or by making the solution ammoniacal 
and dissolving the silver acetylide with 5% potassium cyanide (Hood). The result- 
ing solution is poured into 5% ferrous sulfate to destroy the excess cyanide. 


GENERAL METHOD FOR DISUBSTITUTED ACETYLENIC 
COMPOUNDS RC = CRi BY HYDRATION 38 

This method is based on the reaction 


RC=CRi + H 2 0 


Hg++ 


H' 


-> RCCH.Rx 


O 

and determination of the ketone formed. 

Reagents. Hydroxylamine Hydrochloride, 0.5 N.-ln 1 to 1 methanol-water. 
The catalyst is made from 0.5 g. of mercuric sulfate, 2 ml. of sulfuric acid, and 
63.4 ml. of water. 

Alcoholic Sodium Hydroxide, 1.0 N.-Sodium hydroxide is dissolved in as little 
water as possible. The sodium carbonate is filtered off, and the solution is di- 
luted with methanol to the desired volume. This solution need not be Standard- 

Aqueous Sodium Hydroxide.— Standard 0.5 N. 

Apparatus.— Glass and calomel electrodes, with a Model H-2 Beckman pH meter 
Procedure .- A sample containing 0.05 to 0.20 mole of acervlon.v ™ F . 
dissolved in methanol and diluted to 100 ml. in a vim t r“« k 10 °7°r “ 

are used for die determinations. 3Sk ' I0 ' ml ahquots 

Ten milliliters of sample solution are added to 20 ml. of catalyst in a 200-ml. 
Cliemical Society and reprinted wulTperarhston oMhe rap/righf ownen^’ American 
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three-necked flask connected to a reflux condenser. Glass stoppers are inserted in 
the two unused necks of the flask. The mixture is refluxed for 1 hour and then 
cooled in ice with the condenser still attached. After cooling, the condenser is 
washed with 10 ml. of 1 to 1 methanol-water and allowed to drain. The flask is 
disconnected from the condenser and glass-calomel electrodes are inserted into the 
flask through the two side necks. The acid is just neutralized (pH 7) with 1.0 N 
alcoholic sodium hydroxide. 

Fifty milliliters of hydroxylamine hydrochloride are added, the mixture is again 
refluxed for 1 hour and cooled in ice, and the condenser is washed with 1 to 1 
methanol-water. The mixture is transferred to a 400-ml. beaker, using 50 ml. of 
1 to 1 methanol-water to wash the flask. As much of the solid residue as possible 
is left in the flask during transfer. 

The liberated hydrochloric acid is titrated potentiometrically with standard 0.5 
iV sodium hydroxide, using the glass and calomel electrodes. The end point is 
determined from a plot of milliliters of reagent vs. pH. 

if carbonyl compounds are present in the sample, they should be determined 
using the hydroxylamine hydrochloride analysis on an unhydrated sample. 

Calculation.— 


Ml. NaOH X Nn^qh X mol, wt. compound X 100 
Wt. sample X 1000 


% acetylenic compound 


2,4-DlNlTROPHEN YLHYDRAZON E METHOD 

Reagents .— Catalyst as described above. 

A saturated solution of 2,4-dinitroplienylhydrazine at 0°C. in 2 IV hydrochloric 
acid. 

Procedure .— A sample is dissolved in methanol and diluted to 100 ml., so that a 
10-ml. aliquot contains approximately 4 X 10~ 4 mole. Ten milliliters of sample 
are added to 20 ml. of mercuric sulfatc-sulfuric acid catalyst and refluxed for 1 
hour in a three-necked flask with glass stoppers in the two unused necks. After 
the hydration reaction period, the flask is cooled in ice with the condenser attached, 
and the condenser is washed with 10 ml. of 1 to 1 methanol-water. At this point 
there is a white precipitate in the flask, which does not appear to affect the results- 

With the condenser still in position, hydrogen sulfide is passed into the solution 
to precipitate mercury as the sulfide. When this reaction is complete (5 to 10 min- 
utes), the sulfide is filtered off through a No. 30 Whatman filter paper and the 
flask and paper are washed with a 1 to 1 solution of methanol-water. 

To the filtrate are added 50 ml. of 2,4-dinilrophenylhydrazine solution, and the 
mixture is allowed to stand one-half to 1 hour. The resulting solution is wanned 
on a hot plate with constant stirring to coagulate the precipitate. When the 
supernatant liquid is clear, the precipitate is filtered off through a Gooch crucible 
with an asbestos mat, washed with water, dried at 100°C., and weighed. If the 
resultant hydrazone exhibits a significant solubility with the alcohol present (this 
must be predetermined), the solution is boiled for a few minutes to remove as 
much alcohol as possible before filtration. Acetylenic compounds containing by' 
droxyl groups cannot usually be determined by this method, because of the solu- 
bilizing effects of these groups. 

Free carbonyl compounds in the sample will interfere unless a correction is 
applied. 
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Calculations — 

WtTiydrazone x gravimetr i c f act0 r X 100 = % acetylenic compound 
Wt. sample 


ETHERS 


ALKOXYL— ACIDIMETRIC DETERMINATION 37 

This method applied for methoxyl through butoxyl determinations. 

Apparatus and Reagents. Alkoxyl Apparatus.-A diagram of this apparatus is 
shown in Fig. 19-4. Any conventional 
alkoxyl apparatus may also be used, al- 
though the scrubber is superfluous. 

Tetrabutylammonium Hydroxide, 0.02 
A.— Tetrabutylammonium hydroxide, 0.1 
N, in 10 to 1 benzene-methanol. Dis- 
solve 80 grams of tetrabutylammonium 
iodide (obtained from Rymark Labora- 
tories, Terre Haute, Ind.) in 180 ml. of 
reagent grade absolute methanol. Place 
in an ice bath, add 40 grams of finely 
ground silver oxide, stopper the flask, 
and agitate intermittently for 1 hour. 

Filter through a sintered-glass funnel of 
fine porosity, rinse the flask, and precipi- 
tate with three 50-ml. portions of cold 
benzene and add to the filtrate. Dilute 
die filtrate to 2 liters with dry benzene. 

Add 20 ml. of methanol to 200 ml.' of this 
solution and dilute to 1 liter with ben- 
zene. 

Pyridine.— Flash-distill technical grade 
pyridine from barium oxide using an 
upright condenser, discarding the first 
and last 10% of the distillate. 

Hydriodic Acid.— Merck 8; Company, 

Inc., reagent grade, 55 to 58% HI, speci- 
fic gravity 1.7. No additional purifica- 
tion is necessary. 

Azo Violet Indicator Solution.— Dis- 
solve 0.5 g. of ^-nitrobenzeneazoresorcinol 
in 100 ml. of pyridine. 

Xylene.— Analytical reagent grade. 

Procedure.— Accurately weigh 10 to 15 
mg. of the solid alkoxyl compound and 
transfer to the reaction flask. Weigh volatile samples in gelatin capsules. Add 

Af]fl n ' )ft ° I Xy f e ‘ le , t0 J G flas , k and dissolve the solid samples, heating if necessary. 
Add a.O ml. of hydnodic acid and a few boiling stones. Lightly grease the standard- 
s' Cundiff, R. H., and Markunas, P. C., Anal Chem 33 inos io«i , 

.he American Chemical Sode.y and reprinted with pe'rn,1UoA“,he co^JgS ol“ 
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taper joints and connect the flask to the apparatus. Place 50 ml, of pyridine in an 
Erlenmeyer flask and allow the delivery tip to extend below the surface of the 
solvent. Pass nitrogen through the system, adjusting the initial rate to one bubble 
per second. Apply heat with a heating mantle, and adjust the heat so that the 
top of the condensate is just above bulb A. Continue this nitrogen rate for 20 
minutes, then increase the rate to 2 to 3 bubbles per second for the remainder ol 
die reaction period. Allow a minimum amount of condensate to pass into the 
receiver and, if fuming is observed in the receiver, lower the nitrogen rate and 
adjust the heat so that fuming is minimized. Continue the reaction an additional 
25 minutes for methoxyl determination, an additional 40 minutes for cthoxyl de- 
termination, an additional 100 minutes for propoxyl and butoxyl determination, 
and an additional ICO minutes for S-methyl determination. Disconnect the Ellen- 
xneycr flask and rinse the exit tube with pyridine, adding the washings to the rt- 
ceiving flask. 

Gently boil the pyridine solution 2 minutes, cool, then titrate. The titration 
tiuy be performed potentiometrically or as Inflows: Add two drops of aco violet 
Indicator solution to the pyridine solution and titrate under nitrogen to a red end 
point, tecord the volume, then titrate to a violet end point. The volume differ- 
ence between the red and violet end points is a measutc of the alkoxyl content. 

Perform blank analyses with each change of reagents, and subtract the volume 
difference between the red and violet end points from that obtained in the sample 
analysis. 

Calculations.— 


Ml. TBAH X Ntuah X -OR X 100 ^ ~ 

VVt. sample X 1000 " /c 

ALKOXYL- JODIMETRIC ■« 

This method applies only for methoxyl and ethoxyl determinations. 

(a) ROR' ’ 

O 

RCOR 

(b) RI 4 Br 2 -» RBr 4 IBr 

<c) IBr + 3H 2 0 -f 2Br 2 — HIO a 4 5HBr 

(ff) HIOj 4 5HI 3Ij 4 3H s O 

Reagents. Potassium Acetate in Acetic Add.— Dissolve 100 g. of cp. anhydrous 
potassium acetate in 1 liter of solution containing 900 ml. of glacial acetic acid ami 
100 ml. of acetic anhydride. 

liromine Solution.— Dissolve 1 ml. of bromine in 29 ml. of the above potassium 
acetate reagent. This solution should be prepared fresh daily. 

Sodium Acetate.— Dissolve 250 g. of c.p. anhydrous sodium acetate in 1 liter of 
distilled water. 

33 Method as described by Niederl and Niederl, Micromethods of Quantitative Oiganic 
Analysis, 2nd Ed., John Wiley and Sons, Inc., New York, pp. 239-244, 1942. Reprinted 
with permission of the copyright owner. 
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Aqueous Red Phosphorus Suspeusion.-Suspend 30 g. cl ,p. red phosphorus in 

50 ml. of 5% CdS0 4 . 


Potassium Iodide, c.p. 

Formic Acid.-Reagent grade, 90% sp. gr. 1-0. 
Hydriodic Add.-C.p- constant boiling mixture, b.p. 


126° to 127°C. (57% hydri- 


odic acid). 



Sulfuric Acid, 10%.— Add 60 ml. of concentrated sulfuric acid to 940 ml. of dis- 
tilled water. 

Sodium Thiosulfate.— Standard 0.1 N. 

Starch Indicator. 

Carbon Dioxide.— A commercial cylinder with a reducing valve is a good source. 

Apparatus (Fig. 19-5 ).— Complete apparatus can be purchased from Scientific 
Glass Apparatus Company, Bloomfield, New Jersey, Catalog M-1745. 

Procedure .—' The trap (A) is two-thirds filled with the red phosphorus suspen- 
sion. The phosphorus trap is to keep any free iodine from getting into the re- 
ceiver. The CdS0 4 is to remove any hydrogen sulfide formed. 
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2P + 3I 2 2PI 3 * 

PI 3 + 3H 2 0 3HI + H 3 PO 3 » 

The receiver (B) is filled to a level representing one-third of the bulb portion (C) 
with bromine solution. The sample is placed in die reaction vessel together 
with a boiling chip and a crystal of phenol. Liquid samples should be weighed 
in gelatin capsules. To the sample is added 6 ml. of constant boiling hydriodic 
acid, the reaction flask is immediately attached to the condenser, and the joint is 
moistened with hydriodic acid. Water is circulated through the condenser, and 
the reaction flask is heated. A slow stream of carbon dioxide is bubbled through 
the solution at a rate of about 2 bubbles per second. An oil bath at 130° to 150“C. 
or a hot-spotter can be used as the heating element. After 45 minutes (I hour 
for etlioxyl determination) the contents of the receiver are quantitatively trans- 
ferred to a 500-ml. flask containing 10 ml. of sodium acetate solution. The solution 
is diluted to about 125 ml. with water, and formic acid is added dropwise until 
die bromine color is disdiaigcd; then three additional drops are added. After the 
solution stands 3 minutes, 3 g. of potassium iodide and 15 ml. of 10% sulfuric 
acid are added. The liberated iodine is titrated with 0.1 N sodium thiosulfate, 
starch indicator being used. A blank should be run on the phenol alone. In most 
cases, however, the blank is so small as to be unnecessary. 

In a few cases the sample is not attacked completely by the hydriodic acid. This 
is probably due to insolubility in the acid. I 11 these cases, a 1:1 phenol-hydriodic 
acid mixture should be tried. 

Calculations.— 


Ml. thiosulfate X ;V thiosulfate X mol, wt. alkoxyl group X 100 
Grams sample X 6000 


% alkoxyl 


METHOD FOR OXYALKALENE GROUPS R(OCH,CH 2 ) s ORi 
WHERE x CAN BE 1 OR GREATER AND R AND R t 
CAN BE HYDROGEN ATOMS OR ALKYL, ARYL, 

OR ACYL GROUPS* 0 

— (OCHjCH^* + 2*HI -* xICH 2 CH 2 I -f *H z O 


A CH 3 CH 2 I + h 

CH Z = CH 2 + 1 2 

Reagents. Hydriodic Acid.— 55 to 58%, specific gravity 1.7 as used for methoxyl 
determinations is required. It is preferable to use hydriodic acid with as little free 
iodine as possible, in order to obtain low blanks and results with optimum pre- 
cision and accuracy. Freshly opened bottles of hydriodic acid have a free iodine 
content equivalent to 2 to 4 ml. of 0.1 N thiosulfate per 5 ml. of hydriodic acid. 
The free iodine increases rapidly once the bottle is opened and it is not advisable 
to use acid with a free iodine content equivalent to over 10 ml. of 0.1 N duo- 
sulfate per 5 ml. of acid. This impure acid will cleave the ether and ester link- 

aa Samuel and McHard, Ind. Eng. Chem., Anal. Ed., 14, 754, 1942. .... 

«°Siggia, S, Starke, A. C.. Cans, J. J„ and Stahl, C. R., Anal. Chem., 30, 115, 
Copyright 1958 by the American Chemical Society and reprinted with permission of the 
copyright owners. 
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, , . n „j but t he high blanks prevent optimum results. Hydriodic 

ages and ed t> lower its free iodine content; however, it was found more 

0.25-pound bottles. Each bottle lasts for a few 
determinations and not enough time elapses for the blank to become excessive. 
Hydriodic acid containing hypophosphorus acid as a stabilizer must not be user . 

Aqueous Potassium Iodide Solution, 20%. 

Standard Sodium Thiosulfate, 0.1 IV. 

Carbon Dioxide.-Cylinder gas or dry ice in a Dewar flask can be used. Un- 
opened cylinders should be rapidly vented to the atmosphere until frost forms on 
die nozzle of the valve. This reduces the oxygen content of the remaining gas 


and results in lower blanks. ...... 

Procedure.— Into a 50-mi. round-bottomed flask is pipetted 5 ml. of hydriodic 
acid. The flask contains a ground-glass joint to accommodate a vertical condenser, 
and is equipped widr a side arm through which carbon dioxide can be passed to 
blanket the solution. A weighed sample containing 0.001 to 0.002 mole of oxyal- 
kylene group is added to the hydriodic acid. The sample is best weighed in a 
tared glass thimble (1-ml. beaker works well) and then is dropped into the acid, 
thimble and all. The vertical condenser is connected with a thin grease seal at 
the outermost edge to cause a good seal. Too much grease should be avoided, 
as iodine tends to dissolve in the excess grease. 

The flow of carbon dioxide is commenced and kept at a rate of a few (1 to 5) 
bubbles per second. A bubbler must be used in the carbon dioxide line, in order 
to avoid excessive amounts of gas, and to prevent iodine from being swept out 
of the system, causing low results. The system has to be kept under an atmosphere 
of carbon dioxide to avoid air oxidation of the iodide ion to free iodine, which 
would yield high, irreproducible blanks. After allowing a few minutes for the 
system to be covered with a blanket of carbon dioxide, heating is commenced. 
The sample solution is boiled gently for 90 minutes; vigorous boiling causes loss 
of iodine through the condenser. Ninety-minute boiling was sufficient for the most 
stubborn compounds encountered in this study; 45 minutes was satisfactory for 
ethylene glycol. 


Concurrent with die sample is run a blank in the same manner and in duplicate 
equipment. A glass bead is included in die blank to avoid bumping. Carbon 
dioxide from the same source is fed into the system containing the blank. The 
blank is heated for the same length of time, because the blank is sizable and vari- 
ation must be kept at a minimum for optimum results. It was found advantageous 
from a time standpoint to run several samples at one time, along with one blank. 
These are all heated at one time, by using a manifold of glass tubing to deliver 
the carbon dioxide from one cylinder. The use of one cylinder is emphasized, 
as carbon dioxide from cylinders contains oxygen which affects the blank. ' Dif- 
ferent cylinders would contain different amounts of oxygen. 

After the 90-minute boiling period, the walls of the condenser are washed down 
with 15 ml. of 20% potassium iodide solution. All crystals of iodine which' may 
have formed in the condenser must be dissolved by the potassium iodide The 
condenser is then washed widt two 10-ml. portions of water and is disconnected 
10 m the flask. The tip is rinsed, and this washing is added to the flask : Thp 
contents of the flask are washed into an Erlenmeyer flask and titrated with 0 1 N 
duosulfate to the disappearance of the iodine color. Some samples which contain 
Luge organic nuclei leave a tarry residue as a button This • -m • , 

** i0i " “ « This 1 residue usu^ “ “ 
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urable amount of iodine dissolved in it. This button should be dissolved in meth- 
anol and any iodine present should be titrated with thiosulfate. This increment 
is added to the original titration. 

Calculation.— 


(Ml. samp le — ml. blank) X A thiosulfate X (QCH 2 CH 2 ) 
Wt. sample X 20 


= % (OCH 2 CH 2 ) 


AMINES: GENERAL METHOD BY TITRATION 


TITRATION IN GLYCOL-ISOPROPANOL 41 

Aliphatic amines can generally be titrated directly in aqueous solution with 
standard acid. If the amine is water insoluble, an excess of standard acid can be 
added and the excess acid back-titrated. Aromatic amines cannot be handled 
conveniently in this manner since they are very weak bases and yield very poor 
titration curves and. of course, no distinct indicator changes. 

However, aromatic amines (including napluhylamines) and other weak organic 
bases such as pyridine and quinoline can be titrated nicely when dissolved in 1:1 
ethylene glycol-isopropanol and titrated with 0.5 or 1.0 A hydrochloric acid made 
up with the glycol-isopropanol solvent (the regular concentrated hydrochloric acid 
is used to make up the solution; anhydrous acid is not needed). The titration 
curves obtained in this solvent 41 yield much sharper breaks than those for the 
same amine in an aqueous system. For some amines, even indicators can be used. 
High degrees of accuracy and precision (±0.05 nil.) can be obtained for amines 
with basic dissociation constants down to 10 -11 . 

The pH values read off the meter have no absolute meaning when titrating in 
the glycol-isopropanol solvent; however, the changes in “apparent pH" are the 
most important factors in a titration, and these changes are accentuated in this 
medium to give the more accurate and precise titration. 

TITRATION IN GLACIAL ACETIC ACID “ 

In glacial acetic acid the titration curves are so accentuated— they are even 
sharper than in the glycol-isopropanol— that even good indicator end points can 
be obtained. 

Reagents. Perchloric Acid, 0.1 N .~ About 8,5 nil. of 70% perchloric acid are 
dissolved in 1 liter of glacial acetic acid. Add 15 nil. of acetic anhydride cau- 
tiously in small portions, and allow to stand overnight. 

Sodium Acetate Solution, 0.1 A\— ' This is used to standardize the perchloric acid. 
Dissolve a weighed portion (about 0.53 g.) of dried sodium carbonate in enough 
acetic acid to make 100 ml. of solution. Potassium acid phthalate makes a very 
good and also convenient standard. 

Methyl Violet Indicator or Naphthol lienzein.— 0,25% solution in acetic acid. 

Procedure— The regular acid-base type titration is the procedure used here ex- 
cept that 25 to 50 ml. of glacial acetic acid is used as a solvent. The methyl violet 
indicator changes from the vtolet to a green, and the naphthol benzein goes from a 

41 Method of Palit, S , Anal Chem., 18, 246-251, 194G, as described by Siggia, S, Quanti- 
tative Organic Analysis Via Functional Groups, 2nd Ed., John Wiley and Sons, Inc., New 
\ 01 k, pp. 104, 106, 1954. 

♦-Method of Intz, J. J., as described by Siggia, 5., op. cit., p. 105. Reprinted witi 
pci mission of the copyright owner. 
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vellow to a green. Either indicator can be used. This solvent can be used for a 
potentiometric titration, using the standard pH meter with glass and calomel elec- 
trodes. Another set of electrodes can be used for this system, namely, the glass 
electrode as indicator electrode and a silver wire with a thin coating of silver 
chloride as the reference electrode. 

The procedure is generally applicable to weak bases with dissociation constants 
down to 10 - 10 . The end points obtained in acetic acid are generally sharper 
than those obtained in glycol-isopropanol, and accuracy and precision of ±0.3% 
can easily be obtained. 

TITRATION IN ACETONE 13 

Acetone can also be used as a solvent for titrating amines with a high degree 
of accuracy and with sharp end points for the weak bases. A solution of 0.1 N 
hydrochloric acid in glycol-isopropanol or a 0.1 N solution of p-toluenesulfonic acid 
in an alcohol can be used as titrating solution. The standard glass and calomel 
electrodes can be used for potentiometric titration. 

GENERAL METHODS IN DETERMINING AROMATIC AMINES BY 
DIAZOTIZATION AND NITROSATION 44 

No specific reference can be given for any general method of employing nitrous 
acid. The following procedure is a conglomeration of many known procedures. 

The procedure will mainly determine primary and secondary amino groups. 


NHjHCI 



+ HONO 


NHCH 3 



+ HONO 



+ 2H s O 


+ h 2 o 


Reagents.— 

Sodium Nitrite.— 1 N, 0.5 N, 0.1 N. 

Starch-Iodide Paper. 

Concentrated Hydrochloric Acid. 

Glacial Acetic Acid. 

Potassium Bromide Solution, 25%. 

Procedure.- A sample of amine large enough to give a 20-ml. titration with 
-nn Ue , 0t r certam stren S th 1S weighed into a Miter beaker and dissolved in about 
g-™' ° £ WatCl ; 30 of concentrated hydrochloric acid, and 25 or 50 ml of 

% P otass,um bromide. (The amount of potassium bromide used depends on 

43 Siggia, S., Quantitative Organic Analysis Via Functional Groups 9 n d Ed inhn nn 
and Sons, Inc., New York, pp. 105, 106, 1954. ” ’ *' na J°hn Wiley 

4 * Siggia, S., Quantitative Organic Analysis Via Functional Groups 2nd Fd mi w, 
and Sons, Inc., New Fork, pp. 108-111, 1954. Reprinted with permission S thfco^yrigS 
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the ease of nitrosation of the amine.) Potassium bromide can be eliminated if 
the amine reacts rapidly. If the sample is not soluble in dilute acid, die sample 
can be dissolved in a few milliliters of glacial acetic acid and then the water and 
hydrochloric acid are added. The amine, in such cases, generally remains in 
solution. 


The required strength of sodium nitrite depends on several factors: ease of nj. 
trosation, clarity of end point, instability of the nitrous acid. The 1 N sodiun 
nitrite will give a better end point, but the danger of losing nitrous acid is much 
greater since more is formed on each addition than is formed with the more dilute 
sodium nitrite. When the more dilute sodium nitrite is used, a poorer end point 
results, but the chances of loss of nitrous acid are lower. 

The beaker containing the sample is immersed to within an inch of the rim in 



Fig I9-G. Apparatus for Deter- 
mining Aromatic Amines by Di- 
azotization and Nitrosation. 


chopped ice and water until the temperature is 
about 5*C. -This is to lower chances for loss of 
nitrous acid. Then, with the tip of the buret 
well under the surface of the solution (see Fig. 
19-6), the nitrite standard solution is added at a 
rale depending on how rapidly the amine con- 
sumes die nitrous acid. There should never be 
a large excess of nitrite present, since this causes 
loss of nitrous acid. At first, the nitrite should 
be added in small increments and the solution 
tested by dipping into the solution a strip of 
starch-iodide paper; the paper turns the blue- 
black color of iodine in starch if nitrous acid is 
present. If the amine consumes the nitrous add 
rapidly, the nitrite can be added more rapidly. 
If the amine nitrosates slowly, the nitrite is added 


more slowly. The purpose of the potassium bromide is to catalyze the nitrosation; 
it should be added whenever the nitrite is consumed too slowly. If die amine 


nitrosates too slowly, the end point is very hard to detect. The nitrite is added 


in smaller increments as the end point is approached. This decreases the diance 


of overt jtratjpm 


The end point is the point at which the blue-black color is produced on the 
starch-iodide paper when the solution has stood for quite a time after the addi- 
tion of nitrite. As the end point is approached the nitrite will be consumed more 
slowly so that a sufficient length of time (depending on the rate at which the par- 
ticular amine nitrosates) should be allowed before testing for the end point. An 
excess of nitrite gives the blue-black color on the paper immediately on immer- 
sion in the solution. In some cases, the starch-iodide paper, on being dipped 
into the solution, does not darken immediately but darkens slowly on exposure to 
air. This should not be construed as indicating excess nitrite since the nitrite 
produces the color immediately. Colored amines and precipitates will hamper 
the viewing of any color on the paper. However, the presence of excess nitrile 
still can be shown by the solution that diffuses up the indicator paper, showing a 
blue-black portion above the mark which indicates the depth of the immersion of 
the paper in the solution. 

The sodium nitrite is standardized by leaction with sulfanilic arid, which can be 
purchased in a pure state. The procedure is that described above. 
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Calculations.— 

Ml. nitrite X N N0 2 ~ X mol, wt. compound X 100 
Grams sample X 1000 X n 

= % compound based on diazotization or nitrosation 
ii = number of amino groups per molecule 

Discussion.— Interfering substances consist mainly of compounds which are readily 
reduced by nitrous acid and also compounds which contain active methylene 
groups. The compounds with active methylene groups will nitrosate and can be 
determined by this procedure. The pyrazolones are such compounds. 

METHOD FOR DETERMINING MIXTURES OF PRIMARY, 
SECONDARY, AND TERTIARY AMINES 15 

Reagents. Ethylene Glycol-Isopropanol Mixture, 1:1. 

Hydrochloric Acid.-Standard 1 N, in ethylene glycol-isopropanol mixture: 96 
ml. of concentrated hydrochloric acid are diluted to 1 liter with 1:1 ethylene 
glycol-isopropanol. 

Acetic Anhydride, c.p. 

Salicylaldehyde (from bisulfite addition compound). 

Procedure A: Total Amines .— A sample containing approximately 0.02 mole 
of total amines is accurately weighed in a weighing bottle. The contents of the 
weighing bottle are washed into a 150-ml. beaker with 1:1 ethylene glycol-iso- 
propanol mixture. Ethylene glycol-isopropanol mixture is added until the volume 
is approximately 50 ml. A pH meter is used to indicate the apparent pH after 
each addition of acid as the sample is titrated with 1 N hydrochloric acid prepared 
in the ethylene glycol-isopropanol mixture. The neutralization point is deter- 
mined by plotting the apparent pH against milliliters of acid. 


Ml. of HC1 X N 

Grams sample X 1 000 ” moles t0,al ami ” es /gram “ample 

Procedure B: Secondary Plus Tertiary Amines .— A sample containing approxi- 
mately 0.02 mole total of secondary and tertiary amines is accurately weighed in a 
weighing bottle. The contents of the weighing bottle are washed into a 150-ml. 
beaker with 1 . 1 ethylene glycol-isopropanol mixture. Ethylene glycol-isopropanol 
mixture is added until the volume is approximately 50 ml. Five milliliters of 
salicylaldehyde are added (more should be used if the amount of primary amine is 
larger titan 0.035 mole). The mixture is stirred thoroughly and allowed to stand 
at room temperature for one-half hour. A pH meter is used to indicate the ap- 
parent pH after each addition of acid as the sample is titrated with 1 N hydrochloric 
acid prepared in the ethylene glycol-isopropanol mixture. The neutralization point 
is determined by plotting apparent pH against milliliters of acid. 


Ml. HC1 X N _ 

Grams sample X 1000 ~ m ° les secondai T P lu s tertiary amine/gram sample 


« Method of Siggia, S„ Hanna, J. G.„and Kervenski 
Copyright 1950 by the American Chemical Society and 
copyright owners. 


I. R., Anal. Chem., 22, 1295, 1950. 
reprinted with permission of the 
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In the case of the aliphatic amines, two breaks arc usually obtained in the titra- 
tion curve after the addition of the salicylaldehydc. This is due to the fact 
that the Schiff bases of the aliphatic amines still have a noticeable basicity although 
it is not so great as that of the original primary amine or that of the secondary and 
tertiary amines. The first break in the curve, therefore, is the secondary plus the 
tertiary amine content of the sample. The difference between the first and second 
breaks represents the primary amine content of the sample. 

Procedure C: Tertiary Amines .-' A sample that contains approximately 0,02 mole 
of tertiary amine is accurately weighed in a 20- by 150-mm. test tube and is cooled 
by placing in a beaker of ice. Ten milliliters of acetic anhydride are added slowly 
while the test tube is swirled. The test tube and contents arc allowed to stand 15 
minutes at room temperature. The contents are quantitatively transferred from the 
test tube into a 150-mi. beaker by washing with T.l ethylene glycol-isopropanol 
mixture. 

Ethylene glycol-isopropanol mixture is added until the volume is approximately 
50 ml. A pH meter is used to indicate the apparent pH after each addition of 
acid as the sample is titrated with I A f hydrochloric acid prepared in the ethylene 
glycol-isopropanol mixture. The neutralization point is determined by plotting 
the apparent pH against milliliters of acid. 


Ml. of HC1 X iV 
Grams sample X 1000 


moles tertiary amines/gram sample 


Calculations.— 


Primary Amine 

Moles total amine moles secondary -f- tertiary amine _ moles primary amine 
Gram gram gram 


Moles primary amine 
Gram 


X mol. wt. primary amine X 100 = % primary amine 


Secondary Amine 

Moles secondary amine -f- tertiary amine moles tertiary amine 
Gram gram 

moles second ary amine 
gram 

Moles secondary amine . , . 

Gram N mol. wt. secondary amine X 100 = % secondary amine 

Tertiary Amine 

Moles tertiary amine . „ „ 

Grain ^ mol. wt * tertiary amine X 10 0 — % tertiary amine 
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HYDRAZINE COMPOUNDS 


METHOD FOR DETERMINING WATER SOLUBLE, 
ALIPHATIC HYDRAZINES 46 
Reasents. Iodine.— Standard 0.1 N. 

Sodium Bicarbonate. 

Starch Indicator. 

Procedure .- About 0.0005 to 0.0001 mole of hydrazine is dissolved in about 20 
to 50 ml. of water. About 1 g. of sodium bicarbonate is added, and the solution is 
titrated with 0.1 N iodine, starch being used as an indicator. 

Calculation.— 


Ml. I 2 X N I 2 X mol. wt. hydrazine X 100 
Grams sample X 4000 


% hydrazine 


GENERAL METHOD FOR DETERMINING HYDRAZINES BY 
OXIDATION WITH CUPRIC ION 4 " 

This method applies quite generally to aromatic hydrazines, substituted and 
unsubstituted. It also applies to a good number of aliphatic substituted and un- 
substituted hydrazines. 



Fic. 19-7. Apparatus for Determining Hydrazines by Oxidation with Cupric Ion 


Apparatus. The apparatus, shown in Fig. 
flask, F, in which die nitrogen is liberated. 


19-7, consists essentially of a reaction 
a Lunge nitrometer, J, i n which the 


Prto« t '4,N.J f ,p“&,fe9 ReS8Cnt Ch “' kal! — s ‘ and "*, 

4 ‘ Sjggia, S., and Lohr, L. J., Anal. Chein 21 1 9 0 9 1<F 
American Chemical Society and reprinted with permission ’of d 


. Van Nostrand Co., Inc., 

Copyright 1949 by the 
copyright owners. 
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liberated nitrogen is measured over 50% potassium hydroxide, and a cylinder oi 
purified carbon dioxide. A, which is used to displace die air from die apparatus 
prior to an analysis and to sweep die liberated nitrogen into the nitrometer. 

The 100-ml. reaction flask, F, is attached to the apparatus by a standard taper 
24/40 joint. The reagents are introduced through the separatory funnel, G, and 
the delivery tube, L, which has a maximum diameter of 3 or 4 mm. and a constric- 
tion at the bottom to prevent displacement or the liquid during decomposition of 
the sample. The reflux condenser, H, which is sealed to Af, has an internal diam 
eter of 12 mm. and allows vigorous refluxing of the reactants. 

The carbon dioxide rate is controlled by tiic needle valve, B, and is estimated 
by the bubble counter, E, which is filled with an inert liquid such as butyl 
phthalate. 

Other essential parts of the apparatus are the safety manometer, C, the leveling 
bulbs, D and K, and the three-way stopcock, /, which permits bypassing the nitron)- 
eter. 

Commercial tank carbon dioxide is purified prior to use by venting rapidly 
about 50% of the carbon dioxide from the cylinder. A cylinder of carbon dioxide 
purified by this procedure contains a negligible impurity and contains sufficient 
carbon dioxide for several hundred analyses. 

Procedure .— The apparatus is prepared for an analysis by completely displacing 
the air with carbon dioxide up to the reaction flask, F. The mercury in the safety 
tube, C, is lowered to a point slightly below the curved section of the manometer, 
so that carbon dioxide can be passed through the manometer to the atmosphere. 
After the air is completely displaced from the manometer, the leveling bulb, D, is 
raised until the mercury level is approximately halfway up tire manometer. The 
carbon dioxide rate is then increased, and in several minutes tire air will be com- 
pletely displaced up to F. The delivery tube, L, is filled with water. 

A sample that will give from 15 to 25 cc. of nitrogen is weighed into F, which is 
securely fastened to the apparatus by tension springs. Stopcock 7 is opened to the 
atmosphere, and carbon dioxide is rapidly passed through the apparatus until the 
air is completely displaced by carbon dioxide. This will acquire from 5 to 10 
minutes. After displacing die air, the carbon dioxide rate is reduced to 1 to 2 
bubbles per second. Stopcock 1 is closed so the carbon dioxide passes into the 
nitrometer, and after several minutes inicrobubbles are obtained. The air collected 
in the nitrometer is displaced, and the leveling bottle lowered until it is about lev ^1 
with the nitrometer inlet tube. Forty milliliters of saturated copper sulfate, 15 ml- 
of 95% sulfuric acid, and 10 ml. of distilled water are drawn into the reaction flask 
The solution is boiled until the reaction is complete and microbubbles are obtained- 
The carbon dioxide rate can be increased after the reaction appears complete t° 
speed up sweeping the liberated nitrogen into the nitrometer. A blank is the) 1 
determined on an equal volume of copper sulfate, sulfuric acid, and water and < s 
usually about 0.6 ml. 

Calculations.— .4 = volume for nitrogen corrected for a blank for the carbon d 1- 
oxide; p = barometric pressure corrected for vapor pressure of potassium nydroJ 6, 
ide * solution at temperature T. 

# See table under “Diazonium Salts." 
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pA 

A'760 

T + 273 

273 

1 

_ A (v = moles of nitrogen collected) 

22,400 

A' 

.v X mol. wt. hydrazine X 100 _ % hy ^ 7 - np 

Grams of sample 


DIAZONIUM SALTS 


GENERAL METHOD USING DECOMPOSITION AND 
MEASUREMENT OF THE NITROGEN LIBERATED * s 



CuCl + HC1 

> 

HoO 


Apparatus (Fig. 19-8).— 


OH 

+ N 2 + HG1 


A = 25-ml. separatory funnel. 

B = 100-ml. nitrometer containing 50% potassium hydroxide. 
C — 10-mm. tubing. 

D — 2-mm. capillary. 

G = 5-in. condenser. 

H = bubbler. 

I = thermometer. 

J = 150-ml. flask. 


Reagents. Cuprous Chloride. 

Concentrated Hydrochloric Acid. 

Procedure.— In about 15 ml. of concentrated hydrochloric acid, 3 g. of cuprous 
chloride is dissolved and the resultant solution is placed in the separatory funnel, 
A. A sample containing about 0.001 mole of diazonium salt is weighed into the 
reaction flask. The flask is attached to the condenser, all joints being greased to 
prevent leakage. The nitrometer, B, contains potassium hydroxide solution (71.5 
g. of potassium hydroxide per 100 ml. of water) and a layer of mercury at the bot- 
tom. The level of the mercury extends about in. above the entrance tube. The 
function of the mercury is to prevent clogging of the capillary, D, with potassium 
carbonate. Carbon dioxide is passed through the apparatus to flush out the air; 
it is continuously passed through until the bubbles reach a minimum size in the 
nitrometer. These minute bubbles are indicative of the potassium hydroxide 
insoluble impurities contained in the carbon dioxide. A blank run should be 
made on each cylinder of carbon dioxide to correct the volume readings for each 
sample. The blank determination is made as follows; After all tire air is swept out 
of the apparatus, the accumulated inert gas is removed from the nitrometer and 


* 8 Siggia, S., Quantitative Organic Analysis Via Functional Groups, 2nd Ed Tohn WiW 
owner° nS * InC " NeW Y ° rk ’ PP ' 124_127, 1954 ‘ Re P rinted with permission of the copyright 
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the number of bubbles of carbon dioxide per minute (2 bubbles per sm a • 
a convenient rate) is counted and the time is noted. Every 15 minutes the “ 
eter is read to obtain the volume of inert gas collected in tile period Tr 
done over a period of 2 to 3 hours. The average is taken for the volume of torn 
gas collected per 15 minutes at that particular rate of flow. When •, , 

analyzed, the carbon dioxide is fed in at the same rale as in the case of the blank' 
The time required for the sample to react completely is noted, the carbon diortle 



Fig. 19-8. Diazo Nitrogen Apparatus. 

corded S in°thp U nif ^ ^ Iat if, 11 ? 1 * 1 t,me am * is subtracted from the volume re- 
Large blanks rP «i ) °. met ^ r ‘ ^is correction is usually small but it is significant, 
results. k U,lg fr ° m ,n, P ure carbon dioxide decrease the accuracy of the 

described *Th t ^ term ‘ nat *° 11 ' ^ ie a ir is swept out of the apparatus as previously 
cuprous chin rid p •' ^ ft ^ gaS i 1S ^ emo . vet * ^ rom l * ie nitrometer and the solution of 
4 into the rear/** 1 * a r ° c ^ onc atat * flowed to flow from the separatory funnel, 
TircuproL chfowl r ',/* which contaills the and the time is noted, 

enter the annual w followed by 50 to 75 ml. of water, no air being allowed to 
perature until rh ° S T - r . eaction ^ ask is heated to boiling and kept at that tem- 
eter reaching , 1 ,^ react j on is complete, as indicated by the bubbles in the nitrom- 
eter reaching their minimum size. The heat is shut off, and the apparatus is al- 
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lowed to stand for 5 to 10 minutes to reach temperature equilibrium. The car- 
bon dioxide flow is continued throughout this period of standing. The volume of 
„ as collected is read, the leveling bulb on the nitrometer being used to set the 
pressure of die gas in the nitrometer equal to atmospheric pressure. The temper- 
ature is read on thermometer, /, and the barometric pressure and time are noted. 
The volume of gas collected is corrected for the blank determination made on the 
carbon dioxide, the time required for the reaction being taken into account. The 
volume is also corrected for the vapor pressure of the potassium hydroxide solu- 
tion. 

Vapor Pressure of Potassium Hydroxide Solutions Containing 71.5 Grams of 
Potassium Hydroxide per 100 Grams of Water 
(International Critical Tables) 


°C. mm. Hg 

15 4.1 

20 5.6 

25 7.4 

30 9.6 

35 12.7 


Calculations.— 

A = volume of gas, corrected for carbon dioxide blank 

P - atmospheric pressure - vapor pressure of the 50% potassium hydroxide solution 
T = temperature recorded at the end of analysis 

AP _ Ai 760 
T+ 273 ~~ 273 

Ai = volume calculated to N.T.P. 

1 x , 

22^400 ~ = moles of nitrogen collected) 

■v X mol, wt, diazonium comp ound X 100 

Grams sample = % diazonium compound 


AZO, HYDRAZO, AND NITRO COMPOUNDS (— N=:N 
— NHNH— , AND —NO.) 

GENERAL METHOD BY REDUCTION WITH 
TITANOUS CHLORIDE 48 


RN=NR! + 4(H) 
RNO. + 6(H) 
RNHNHRj + 2(H) 


RNH 2 + RjNHo 
RNH 2 -f 2H.O 
RNH 2 -f- R x NH 2 


.0? V k»r!"2r i, „ Gt0,, '’ S - 2 "“ J°l'» Wiley 

owner. Reprinted with permission of the copyright 
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This procedure is readily adaptable to reduction of azo, hydrazo, and nitro groups. 
Indications are that this procedure may also be applicable to the reduction of di a . 
zonium compounds. Titanous ion is a strong reducing agent, and this is one of its 
drawbacks; atmospheric oxygen will oxidize it. The reagent must be stored under 
an inert atmosphere, and the reduction must be carried out under nitrogen. "With 
proper precautions for elimination of oxygen, the procedure 
can be used with good accuracy and precision. 

Reagents. Titanous Chloride.— One liter of water contain- 
ing 100 ml. of concentrated hydrochloric acid is boiled to 
remove dissolved oxygen. This solution is cooled under 
nitrogen, and to it is added 560 ml. of 20% titanous chloride 
(TiCl 3 is sold in 20% solution). The solution is diluted to 
2 liters with freshly boiled and cooled distilled water. The 
solution is stored under hydrogen or oxygen-free nitrogen in 
an apparatus as depicted in Fig. 19-9. 

Ammonium Thiocyanate,— 10% solution. 

Ferric Ammonium Sulfate Solution.— In 600 ml. of water 
282 g. of ferrous ammonium sulfate is dissolved, and 50 ml. 
of concentrated sulfuric acid is added. To the still warn 
solution, 80 to 100 ml. of Pcrhydrol (30% hydrogen peroxide) 
is added slowly, with stirring. The excess peroxide is boded 
off, and the solution is cooled and diluted to 4 liters. To 
standardize the lerric ammonium sulfate solution 20 ml. of 
the solution is placed in a 250-ml. iodine flask together with 
4 ml. of 4 N hydrochloric acid. Then 2 g. of potassium iodide 
is added, and the solution is allowed to stand for 5 minutes. 
The liberated iodine is titrated with 0.1 N sodium thiosulfate 
to the starch end point. 

Apparatus .— Storage buret for titanous chloride (Fig. 19-9). 
Tlte buret, as indicated in Fig. 19-9, is used for Karl Fischer 
reagent. This reagent must be protected from water vapor 
so that asenrite tubes arc shown in the diagram. Titanous 
chloride solution must be protected against oxygen so that the 
Fig. 19-9. Storage sprite tubes do not apply in this case. For titanous chloride 

Buret for Titanous solution a hydrogen generator (a Kipp generator) is attached 

Chloride. to the vent from the storage bulb. In this manner, a continu- 

ous hydrogen atmosphere is maintained above the solution. 

Attached to the vent of the measuring buret section of die apparatus is a small 
stopcock. 

When the apparatus is charged with titanous chloride solution, the atmosphere 
above the solution is purged ol air by turning the buret stopcock so that the meas- 
uring buret is open to the atmosphere at the tip. The hydrogen from the generator 
will then flow through the bypass tube from the reservoir, to the buret, and on to 
the outside through the buret tip. This operation "will purge the buret as well as 
the atmosphere above the titanous chloride solution. In filling the measuring 
buret, the stopcock is turned to connect the buret to die reservoir. Then die stop- 
cock on the vent of the buret is opened, and the buret will fill with reagent. The 
reagent entering die buret will force out the hydrogen through the stopcock at the 
vent. As soon as the buret is filled to the desired level, both die stopcock at the 
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vent and at the tip of the buret are closed. To introduce the reagent to the re- 
action vessel, die stopcock at the buret tip is opened to the reaction vessel contain- 
ing the sample (through which oxygen-free nitrogen is 
bubbling). The hydrogen pressure in the apparatus will 
cause the solution to flow out of the buret. 

Reaction flask (Fig. 19-10). 

Procedure.— About 0.005 equivalent of sample is 
placed in a 500-ml. Erlenmeyer flask and dissolved in 
water or in glacial acetic acid if the sample is water in- 
soluble. The flask is then equipped as shown in Fig. 

19-10 to keep the reaction under nitrogen. Oxygen-free 
nitrogen is passed through the sample for 5 to 10 min- 
utes. Next 25 ml. of titanous chloride solution, 30 ml. 
of concentrated hydrochloric add, and 2 ml. of hydro- 
fluoric acid are added. The solution is boiled for 5 min- 
utes (a longer time may be needed for some samples). 

A condenser should be attached to the reaction flask for 
volatile samples. With the nitrogen still bubbling 
through the solution, the flask is cooled in ice, and 10 
ml. of 10% ammonium thiocyanate are added. The 
solution is titrated with the ferric ammonium sulfate 
solution to a red end point, while the nitrogen is kept 



bubbling through the solution. 


Fig. 19-10. Reaction 
Flask. 


The 


A blank should be run on the titanous chloride for each set of reductions, 
same solvent should be used for the blank as is used for the sample. 
Calculations.— 

(Ml. F.A.S. blank — ml. F.A.S. sample) X A r F,A.S. X mol, wt. compoun d X 100 

Grams sample X 1000 X A 

= % compound 

A = number of hydrogen atoms consumed per molecule of compound 

Discussion.— Oxygen is the most troublesome interference in this procedure; 
however, any reducible substance will usually interfere. Ethylenic or acetylenic 
compounds generally will not be reduced by titanous chloride. 


MERCAPTANS 

GENERAL METHOD BY TITRATION WITH SILVER ION 

INDICATOR METHOD so 
Reagents. Silver Nitrate Solution.— Standard 0 005 N 
so “ m Thi0Cyani,te S°ntion 0.005 AT, standard,**! against the silver nitrate 

Anal. Ed., 7, 86, 1935, as de- 

'■ork, pp. 333-334, 1953 (edited by Mildiell’ I ’ Tr Van ' "S' 1 '"" p «i>lishers. Inc., Ne.e 
the copyright owner. ^ > J-> Jr., et al.). Reprinted with permission of 
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Ferric Alum Indicator.— Approximately 40 g. of ferric alum is dissolved in 100 ml. 
of 1 N nitric acid. The solution is boiled to remove nitrogen oxides, cooled, and 
diluted with three volumes of distilled water. 

Procedure .— A solution of I to 2 milliequivalents of mercaptan in 100 ml. o{ 
benzene, naptha, octane, or heptane is prepared from an accurately weighed 
sample. Exactly 10 ml. of the sample solution are transferred to a 250-ml. Erlen- 
meyer flask followed by 10 ml. of anhydrous methanol. Approximately 45 ml. of 
0.005 N silver nitrate solution are added from a buret to the sample solution 
which is continuously agitated. Two ml. of ferric alum indicator are added, and 
the solution is titrated with 0.005 N ammonium thiocyanate solution until a faint 
pink end point is readied. The solution should also be continuously agitated dur- 
ing die course of this titration. The pink color is discharged by adding standard 
stiver nitrate in slight excess and the pink end point is restored by titrating again 
with the standard thiocyanate solution. Continuous agitation during titration 
is extremely important. 

Calculation.— Calculate the mercaptan content of the sample from the stoichiom- 
etry of the following equations: 

RSH + Ag + -v RSAg + H + 

Ag+ + CNS~ AgCNS 
AgNOa - RSH o NH,CNS 

Discussion.— This procedure is not subject to interference from sulfides, disul- 
fides, or free sulfur. However, solutions of mcrcaptans prepared in die recom- 
mended solvents are oxidized to disulfides on exposure to light. This effect is 
greater for aromatic than for aliphatic mcrcaptans and occurs In benzene solutions 
more readily than in octane, naptha, or heptane. It is recommended that sample 
solutions be used as soot) after preparation as possible to reduce to a minimum 
the error resulting from tins cause. 

POTENTIOMETRIC TITRATION WITH SILVER NITRATE “ 

The potcntiometric determination of mercaptans was first described in a publi- 
cation by Tamele and Ryland and is based on the titration of an ethanolic solution 
of the mercaptans with a standard isopropyl alcohol solution of silver nitrate. For 
detecting the end point of this titration, a cell consisting of: 



0.1 N 

0.1 N 

Ag 

sodium acetate 

sodium acetate 


in alcohol 

in alcohol 


which has an e.m.f. of -0.070 volt, was employed. The electrolyte bridge is also 
filled with 0.1 N sodium acetate. Addition of die alcoholic mercaptan solution 
to die silver cell increases the e.m.f. to about —0.38 volt which slowly decreases as 
the end point is neared. At the end point, a steep inflection to an e.m.f. of 
volt is observed, with the actual end point occurring at about —0.10 volt. With 
careful work, the precision of the potentiometric end point is ±1.0% which is 
near the limit of ±0.8% to be expected from an end point which can he detected 

“Method of Tamele and Ryland, Ind. and Eng. Chem., Anal. Ed, 8, 16, 1936. as tie- 
sen bed by dal Nogaie, S, in Organic Analysis, Intersrience Publishers, Inc., New «oi , 
pp. 335-337, 1953. Reprinted with permission of the copyright owner. 
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oraphicallv to ±0.02 ml. This precision is based on the use of 0.01 N silver nitrate 
and* an approximately 0.0025 M mercaptan solution. The high absolute accuracy 
of the no ten dome trie method was demonstrated by the titration of high-purity 
samples with excellent recovery even with a number of serial dilutions. An esti- 
mate of the solubility of the common mercaptides can be obtained fiom the fact 
that the end point at or near -0.10 volt is slightly less than that obtained on 
precipitating silver iodide. For analytical purposes the slight variation in solubility 
amon<>- individual mercaptans is of no consequence although, by suitable modifica- 
tion, this technique may be used to calculate solubility products. Because of the 
insolubility of silver mercaptides, this method of analysis is not subject to inter- 
ference from compounds which react with silver nitrate as long as the reaction prod- 
ucts have an appreciably greater solubility than the mercaptides. No difficulty 
is encountered with highly colored samples and little if any difficulty is encountered 
with unsaturated compounds. The use of alcoholic solutions eliminates the prob- 
lem of silver ion adsorption. The use of sodium acetate buffer prevents loss of 
mercaptan by volatilization and neutralizes the hydrogen ion formed during the 
titration. Hydrogen sulfide is an interference in this method. 


ORGANIC DISULFIDES 


GENERAL METHOD BY REDUCTION AND TITRATION 
OF THE MERCAPTAN FORMED 52 


Regents. Sodium Borohydride.— Two grams dissolved in 100 ml. of diethylene 
glycol dimethyl ether (Ansul Chemical Company, Marinette, Wis.). 

Anhydrous Aluminum Chloride. 

Sodium Hydroxide, 1 N. 

Sodium Hydroxide, 6 N. 

Nitric Acid, 3 M. 

Concentrated Ammonium Hydroxide. 

Silver Nitrate.— Standard 0.1 N. 

Procedure.-A sample containing approximately 0.001 mole of disulfide is accu- 
rately weighed and placed in a 150-rnl. round-bottomed flask containing 15 ml. of 
sodium borohydride solution and approximately 0.5 g. of aluminum chloride. 
Caution. A1C1 3 occasionally reacts violently in contact with reagent. It is best to 
dissolve the A1C1 3 in 5 ml. of diethylene glycol dimethyl ether before mixing. The 
flask is immediately attached to a coil condenser 40 cm. long, and the reduction is 
allowed to proceed at room temperature for 0.5 hour. The order of addition of 
leagents and sample to the flask is unimportant except in the case of methyl disul- 
fide. When the sodium borohydride solution and the aluminum chloride are 
mixed, a rapid reaction takes place, and methyl disulfide is lost if it is added to the 
solution before the aluminum chloride. In the determination of methyl disulfide 
the sodium borohydride solution and the aluminum chloride are mixed (see 
Caution above) and allowed to stand in an ice bath for a few minutes while the 
sample is being weighed. 

After reduction is complete, the flask is submerged in an ice bath, and 5 ml. of 


s. Method of Siggia, S and Stahl, C. R„ Anal. Chem., 29, 154-155 1957 
owners^' ^ AmenCan Chemical Society and reprinted with pennissioi'i of the 
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1 N sodium hydroxide are added through the condenser. The sodium hydroxide 
is added a few drops at a time until the initial vigorous reaction subsides, and then 
the remainder is added, and tire condenser is rinsed with a few milliliters of dis 
tilled water. The solution is allowed to stand for 2 or 3 minutes and 10 ml i 
3 Af nitric acid are added. The ice bath is removed, and 10 ml. of 6 N sodium 
hydroxide are added after about 2 minutes. In determining methyl disulfide it is 
better to allow the solution to stand 5 minutes in the ice bath after adding the nitric 
acid and to add the sodium hydroxide before removing the ice bath. 

The condenser is rinsed with a few milliliters of distilled water, and the flask n 
remoted. The contents of the flask are rinsed into a 400-ml. beaker, and 10 ml 
of concentrated ammonium hydroxide are added. Using a pH meter equipped 
with silver and calomel electrodes, the solution is titrated po ten dome ideally with 
standard 0,1 N silver nitrate solution. The break occurs between approximately 
—325 and —175 mv., although it varies somewhat for the different mercaptanj be- 
ing titrated. Per cent disulfide is calculated in the following manner: 


% Disulfide *= 


ml. X ^ of AgNC >3 X mol, wr. X 100 
\vt. of sample X 2000 


SULFONAMIDES 

GENERAL METHOD BY TITRATING AS ACIDS 53 

Reagents. Butylamine.— Commercially available material is used without purifi 
cation. 

Dimethylformamide.— Commercially available material is used without purifi- 
cation. 

p-Nitrobenzeneazoresorcinol (azo violet).— Saturated solution in benzene. 

Thymol Blue.— 0.3 g. dissolved in 100 ml. of methanol. 

Sodium Methoxide, 0.1 2V.— About 6 g. of sodium is washed with methanol 
(absolute) and immediately dissolved in 100 ml. of methanol; the solution is pro- 
tected from carbon dioxide during preparation and is cooled in cold water if die 
reaction becomes too vigorous. After the sodium has dissolved, an additional 150 
ml. of methanol and 15QQ ml. of benzene are added. The reageut is stored in 
borosilicate glass and protected from carbon dioxide; the solution is reasonably 
stable but should be restandardized every few days by titrating weighed amounts 
of pure benzoic acid dissolved in dimethylformamide to the thymol blue end point- 
About 25 ml. of solvent is used for each 100 mg, of benzoic acid taken. 

Procedure .— A sample of the sulfonamide of suitable size is weighed into a 50-mb 
beaker and dissolved m 10 to 20 ml. of dimethylformamide or butylamine and the 
indicator is added. The solvent should be neutralized to the indicator end point 
prior to used. 

The beaker is covered with a cardboard, or other suitable cover, provided with 
an opening for the buret tip and the solution is titrated to live first appearance of 
a dear blue color. The solution is stirred continuously during the titration by 
means of a magnetic stirrer. 

Method of Fritz, J. S.. and Keen, R. T.. Anal. Chem., 24, 308, 1932, as described by 
dal Nogare, S., in Organic Analysis, Vol. I, Interscience Publishers, Inc., New H" 
386-387, 1953 (edited by Mitchell, J., Jr., et al.). Reprinted with permission of the copy 
right on tiers. 
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Calculation of the sulfonamide content of the sample is made in the same way 
as for ordinary acid-base analyses. For compounds containing 0 ne-SO 2 NH-group 
the equivalent weight is taken as the molecular weight. ^ . 

Discussion -The azo violet indicator is used when the titrations are earned out in 
butylamine, and die diymol blue indicator is employed when dimediylformamide 
is used as die solvent. Consideration of the structure of die compound to be 
analyzed and its acidity determine whether butylamine or dimediylformamide is to 
be used as the solvent. Sulfonamides which contain an Aralkyl group have a low 
acidity and give poor end points even in butylamine. Some improvement in the 
end point will probably be effected by the use of 95 to 100% ethylenediamine. If 
no substituent is present or if a naphdiyl group is attached to the nitrogen, butyl- 
amine is very satisfactory. If the compound contains an Af-phenyl or A r -pyridyl 
group, dimediylformamide is used as the solvent. Phenolic groups cause no inter- 
ference in dimediylformamide but have a sufficiently high relative acidity in 
butylamine to alter the azo violet end point. 

By appropriate changes in solvents to take advantage of a large difference in 
acidity, it is possible to determine die components of certain simple mixtures of 
sulfonamides. Thus, a mixture of sulfanilamide and sulfathiazole can be analyzed 
by titrating die sulfathiazole in dimediylformamide and thymol blue followed by a 
second titration of another sample, using butylamine and azo violet for die total 
sulfonamide content. 


OXIRANE OXYGEN COMPOUNDS 

GENERAL METHOD USING HYDROCHLORINATION 

In a Pyridine Solvent . 5 *— The hydrochlorination reagent, a 0.2 N solution of hy- 
drochloric acid in pyridine, is prepared by cautiously pipetting 17 ml. of c. p. con- 
centrated hydrochloric acid into I liter of c. p. pyridine and mixing thoroughly. 
Twenty-five milliliters of the pyridine hyclrochlorination reagent is pipetted into 
a 250-ml. flask, equipped with a standard taper joint. A weighed amount of sample, 
containing from 0.002 to 0.003 equivalent of a-epoxide, is added and dissolved by 
heating the mixture at about 40° C. After dissolution is complete, the mixture is 
refluxed, under a condenser, on a hot plate for 20 minutes. The flask and con- 
tents are cooled, 6 ml. of distilled water are added, together with 0.2 ml. of 
phenolphthalein indicator solution, and the titration made with standard 0.1 N 
methanolic sodium hydroxide solution to a definite pink color. 

In an Aqueous Magnesium Chloride System 5 *- The hydrochlorination reagent is 
a saturated magnesium chloride solution, which is 0.1 N in hydrochloric acid? It is 
prepared by shaking 1000 g. of c. p. magnesium chloride hexahydrate with 300 ml. 
of distilled water and adding 8.0 ml. of concentrated hydrochloric acid. The 
mixture is shaken at room temperature until saturated and allowed to settle for at 
least 2 hours. At the end of this time, the supernatant liquid is decanted through 
glass wool and stored m a glass-stoppered bottle. Fifty milliliters of the aqueous 
hydrochlonnauon reagent is pipetted into a 250-ml. glass-stoppered flask. Because 
of the viscosity of the reagent, a consistent drainage period should be maintained 
A weighed amount of sample containing from 0.001 to 0,002 equivalent of a-epoxide 

54 jungnickel, J. L., Peters, E. D., Polgar, A., and Weiss, F. T., Organic Analvsic Vni t 
Interscience Publishers, Inc., New York dd 134 -m loka *> T , c Analysis, Vol. I, 
of the copyright owners. ’ PP ‘ 1953 - Reprinted with permission 
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is added, and the flask is shaken and allowed to stand 15 to 30 minutes. The 
stopper and neck of the flask are rinsed with not more than 20 ml. of distilled water. 
Several drops of a 0.1% methyl orange indicator solution are added and the mixture 
is titrated with standard 0.1 N aqueous sodium hydroxide solution. 

In Diethyl Ether .— The hydrochlorination reagent is prepared by passing anhy. 
drous hydrogen chloride into absolute ethyl ether until an approximately 0.2 N solu- 
tion is obtained. A sample containing not more than 0.002 equivalent of a-epoxide 
is weighed into a glass-stoppered flask. The sides of the flask are washed down with 
5 ml. of absolute ethyl ether, and 25 ml. of the hydrochlorination reagent is 
pipetted into the flask, which is stoppered, mixed, and allowed to stand for 3 
hours at room temperature. A few drops of phenolphthalein indicator solution and 
50 ml. of 95% ethanol are added and the contents of the flask titrated with standard 
0.1 N aqueous sodium hydroxide solution. 

ISOCYANATES AND ISOTHIOCYANATES 

GENERAL METHOD USING REACTION WITH BUTYL AMINE 56 

Reagents. Butylamine Solution.— Dilute 25 g. of mono-n -butyl amine to 1 liter 
with dioxane, which has been dried over potassium hydroxide pellets. 

Sulfuric Acid.— Standard 0.1 N. 

Procedure.— A sample containing approximately 0.002 mole of isocyanate or iso- 
thiocyanate is weighed in a small glass-stoppered weighing bottle. Very volatile 
samples are weighed in sealed glass ampoules. The stopper from the weighing bot- 
tle is removed, and the weighing bottle containing the sample is placed in a 250- 
ml. Erlenmeyer flask. To the flask are added 20 ml. of the butylamine solution, 
and the flask is swirled to mix the reactants. Alkyl isocyanates and alkyl iso thio- 
cyanates are allowed to stand 45 minutes at room temperature for complete reac- 
tion. Aromatic compounds react more rapidly with the butylamine, and the reac- 
tion mixture can be titrated immediately after mixing the reactants. Then 25 ml. 
of distilled water are added, and the solution is titrated to the methyl red end 
point with 0.1 N sulfuric acid. A blank is run on 20 ml. of the butylamine solu- 
tion. From the difference between the two titrations, the amount of isocyanate or 
iso thiocyanate in the sample can be calculated. 

55 Siggia, S., and Hanna, J. G. t Anal. C.hcm., 20, 1084, 1948. Copyright 1948 by the 
American Chemical Society and repiimcd with permission of the copyright owner. 
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SOLUBILITY MEASUREMENTS 
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Solubility determinations have become a routine procedure in the characterization 
and identification of new materials. Even such simple generalizations as “like 
dissolves like” are still useful in predicting solubilities in a qualitative way, but 
for most purposes a direct and accurate measurement of the solubility is re- 
quired. This chapter is limited to solubility determinations made near atmospheric 
pressure and within 100°C. of room temperature. Measurements at extremes of tem- 
perature or pressure require elaborate apparatus and skill and are not included. 
References to other methods, to more complex systems, and to compilations of solu- 
bility data are given at the end of the chapter. 

In die usual solubility determination, the experimental problems, in order of 
occurrence, are: 

(1) Maintaining constant temperature 

(2) Being sure that equilibrium (saturation) has been attained 

(3) Sampling 

(4) Identifying and/or analyzing the phases 

Problems (1) and (3) are essentially mechanical; (2) and (4) often require some • 
chemical ingenuity. A number of specialized techniques which can reduce the 
chance of error in these operations are described in the following sections. 

EXPRESSION OF RESULTS-UNITS AND METHODS 

The simplest, and often the most accurate, method of expressing solubilities is 
in the units of the analytical method employed. Gravimetric analysis, such as in 
the evaporation of a solution to dryness, or in the weighing of a precipitate, leads 
directly to a weight-percentage expression; volumetric analysis yields the number 
of equivalents; etc. There can be little ambiguity when the data are left in the 
form in which they were obtained. 

Care should be taken to define all terms precisely. For example, reporting 
solubilities as “moles per liter” immediately raises the questions: “per liter of sof- 
vent or of saturated solutions?”, “moles of what formula weight?”. When the data 
are expressed in theoretical form, as equations or as solubility parameters for ex- 
ample, it is highly desirable to state them also on a simple weight or molar basis 
Even the conversion from a mole to a weight basis can be tedious, especially in 
systems of several components, and duplicate tabulations are often justified 1 The 
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TEMPERATURE CONTROL 

Liquid Thermostats .— Good temperature control is essential for all but the 
crudest measurements. The temperature must be held constant throughout the 
saturation, settling, and sampling steps, and care 
must be taken to avoid temperature changes caused 
by evaporation, introduction of pipets, or by chemi- 
cal reactions (e.g., phase changes) within the system. 

For work between 0° and 100°C. a thermostated 
water bath is usually most convenient, and can easily 
maintain temperature to ±0.1 °C., and with care to 
±0.01°C. Above about 50°C. there is considerable 
steaming, however, and a thin layer of mineral oil is 
usually placed on the surface. Below 0° and above 
100°C., water-glycol mixtures are useful. For higher 
temperatures, mineral oil or silicone oil baths can be 
used. 

The thermostat is easily made from a large jar or 
tank (preferably insulated), fitted with a stirrer, ther- 
mometer, heater (and/or cooler), and a temperature 
regulator. The choice of instrument parts depends 
on die required precision, which in turn depends on 
die system being studied. For example, at 20°C., the solubility of KN0 3 in water 
is 24.0% by weight, and changes by about 0.7% by weight per degree. In this 
system then, a precision of 0.1% in a solubility determination requires tempera- 
ture control within ±0.03°. 



Fk;. 20-1. Arrangement of 
Component Parts in a 
Thermostated Bath. Stir- 
rer S' is placed near heater 
H to diffuse the heat rap- 
idly. Thermoregulator R 
and thermometer T are 
placed near samples 1, 2, 
3, 4. 




±0.001 X 24.0 

0.7 


= ±0.03° 


Several points in obtaining good con- 
trol should be noted: 

1. The stirrer should provide turbulent 
mixing to produce the same temperature 
in all parts of the bath. It should be 
located near the heater in order to diffuse 
the heat rapidly and prevent local “hot 
spots.” 

2. The heater wattage is determined 
by the temperature to be maintained, 
and on the size and insulation of the 
bath. The heater size is a prime factor 
in temperature “cycling” above and 

elements that are alternately switched on and off takT^neT^hea^un" 6 h ? atm ? 

The best control is obtained when small heaters a e wimh 'ri T 
and appropriately sired -constant" heaters are used to maLtahwhe h" h r ' 
egrees below the destred temperature. Large heaters are also undesirable be'- 


Fic. 20-2. a. Knife-Blade Heater. b. 
Flexible-Tube Heater to Spread Heat 
Over Bottom of Bath. 
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cause of the excessive loading they impose upon tliermoregulator components 

Some difficulty is usually experienced in maintaining a bath near room tem- 
perature where the rate of cooling is slow and the temperature remains ‘'high' 
for a large part of the cycle. The bath must then be cooled by a continuous drip 
of cold water (with overflow), or by a fan blowing across the suiface. 

As a rough guide, an uninsulated 5-gallon bath can be held near 40°C. by a 
100-watt heater, and near 80°C. by 500 watts. Knife-blade beaters are convenient 
but, in permanent arrangements, heating elements in flexible metal tubiiw, 
shaped to lit tne bath, are desirable. 

3. ThermoreguJators and relays of all degiees of complexity arc available. Bi- 
metallic strips jre not sufficiently sensitive, and the regulator is usually a vessel 
in which the expansion of a liquid (mcicury) closes a contact and turns off die 
heater through a relay The precision obtainable is dependent on the volume of 
mercury used and on the diameter of the capillary through which it rises to dose 
the contact. In order to increase the sensitivity, an organic liquid, such as toluene 
(seven times the cubical coefficient of expansion of mercury) is sometimes used to 



a. b c d 

Fir.. 20-3. Types of Thcrmoiegulators In each, mercury rises in the capillary to dose 
tlie circuit The upper contact is adjustable m b, c, and d. In a, mercury m reservon f* 
is added or removed to set the tempci attire. Type b has the fixed contact sealed tlnougn 
glass at IF, and side arm B is filled with mercury for convenience. Types a and c are 
sealed systems containing an inert gas. <■ is adjusted by means of an external magnet tva 
In d, space T vs filled with toluene lo increase the sensitivity. 




SOLUBILITY MEASUREMENTS 5U9 

move the capillary mercury. The mercury column may also be driven by the 
changing vapor pressure of a volatile liquid. Mercury regulators can give exceed- 
ingly 0 precise switching action, but are subject to oxidation and sticking at the 
contacts. This is especially true when organic liquids are used in conjunction, or 
if arcing occurs as the contact is broken (use of too high a voltage). Unless sealed 
under inert gas, the contacts may require periodic cleaning. Many narrow-capil- 
lary regulators are prone to the mercury “hanging up” above the contacts or on 
the glass walls, and a small, continuous vibration is helpful in obtaining positive 
action. 

It is highly desirable to be able to adjust the position of the upper contact by 
a screw action (Fig. 20-3 b, c, d). This permits rapid adjustment of the apparatus 
to the desired temperature null point. Regulators in which only the volume of mer- 
cury can be changed (as in a Beckmann thermometer) are very tedious to adjust 
to a predetermined temperature. 

In order to prevent corrosion at the point of contact, only very small currents 
should be passed through a mercury thermoregulator. The heater current is usu- 
ally switched on and off by a vacuum tube or transistor activated relay circuit. 
Many circuits include a condenser to add a time-lag to the on-off switching, and 
thus prevent chattering of the relay contacts. In more elaborate circuits, diyra- 
tron tubes can be used to supply power to the heaters in proportion to the demand 
of the system. 

Thermoregulators in which a thermistor replaces the mercury expansion switch 
are also available. The thermistor (placed in bath) is made one arm of a Wheat- 
stone bridge, and its change in resistance with temperature is used to drive a 
diyratron relay circuit. The temperature of regulation is selected by adjusting 
variable resistors in another arm of the bridge. Such a unit can be used under 
widely varying bath conditions and eliminates mechanical regulation problems. 

A very convenient alternative to the conventional regulator-relay-heater arrange- 
ment is the use of a relay which operates on changes in capacitance. An external 
capacitance lead wire is simply clipped to the (ordinary) bath thermometer near 
the temperature desired. When the bath reaches the proper temperature, the 
relay circuit capacitance is balanced to provide on-off regulation at this point. 
The changing level of mercury (liquid) in the thermometer stem changes the ca- 
pacitance of the circuit and induces the relay on-off action. With reasonable care 
in shielding the leads, the precision obtained is governed simply by the precision 
of the thermometer used. 

Air and Vapor Thermostats .— These thermostats are generally less satisfactory 
than liquid baths and are most useful at high temperatures. Air baths can be 
classified either as the “furnace” or the “convection" type. 

Convection baths are analogous to liquid thermostats in that a heater, a circu- 
lating fan, and a thermoregulator are used. Any operational problems stem from 
the low heat capacity of the air and the need for insulation ancl good internal 
circulation. Temperature control is usually in the range ±0. 1-0.5° up to 400°C 
and bimetallic regulators are used. 

“Furnace” type thermostats are usually smaller, electrically wound chambers in 
which no regulator or circulating fan is used. Radiation from the walls provides 
temperature uniformity within the cavity and a simple balance of electrical input 
with normal heat losses maintains the constant temperature. 1 
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Fig 20-4. Simplified Relay Control Circuits. 

relav^rridf "wh "? erfur y regulator. Curient is normally flowing through the tube- 
the relav nimm ” C re ? U ? tor closes the circuit at R, the grid becomes negative and 
1 TherSS? T St °PPf d ' shulti "g off heater supply H. 8 

placed in the thermrtV. i ch c . ha "8 es rcsistauce markedly with changing temperature, is 
pS (impewtuTS S 15 m « de ° ne ann of a Wheatstone bridge 5 The "balance” 
unbalanced and ® selected at R. When the temperature changes, the bridge becomes 
phase change (corresponds '/K' h ? f l>haK ' After ^Phlication, Ihe direcuon of 

has A. c on its nlatc- i° h ‘8 hcr or lower temperature) is detected by a tube which 

c. This capicit'a,,™ ™!^,'^' “ >n<l “ C1 ' onl ? whe " lhc **• the P">P“ si S"- . 
lected at a and b and «.*,• ‘ v ® circu,t consists of a weak oscillator whose null point is sc- 
ducting. Mercury rising ,he S™ 1 of a reIa >' tube, thus preventing it from con- 

stopping the oscillarinn t'k 'hermometer T increases the capacitance in the "antenna, 
through the relay which shuts oinhc^a'c/' 135, ' Ube “ ,hcn lemo,ed - and “ col,ducli 
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Thermostats in which the sample is bathed in the vapor o£ a boiling liquid can 
provide excellent temperature control, but are usually limited in size. In a simple 



Fig. 20-5. Air-Bath Thermostat. Heaters H are controlled by bimetallic Regulator R. 

arrangement, the sample is held in a “finger” which extends into the refluxing 
liquid. 

Some insulation is required to minimize tire effect of air drafts. If the total 
volume of liquid is fairly large, mixed liquids can be used as well as pure ones. 



lac. 20-6. Furnace-Type Thermostat. 
The inner cylinder or block is wound 
with resistance wire and is surrounded 
by layers of insulation and metal radi- 
ation shields. 



Fie. 20-/. Vapor-Bath Thermostat 
Made from a Three-Necked Flask. 


and the temperature can be selected by adjusting the composition. The anna ran,, 
works well above about 70-C, and alcohols, toluene, water, acetic acid etc or 
their mixtures can be used. Temperature control is about ±0.1 to 0.2° 
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Much more precise control can be achieved if the apparatus is carefully jacketed 
and the outlet of the reflux condenser is connected to a manostat. A range of 
temperatures is then obtainable from a single (pure) refluxing liquid by a simple 
adjustment of the pressure. 

Low-Tejnperature Thermostats.— The most versatile arrangement for low-tem- 
perature thermostating is the use of a mechanical refrigerator with a conventional 
liquid bath. Some eflort must be made to insulate and cover the bath in order 
to prevent excessive condensation. Portable refrigerators arc available with an 
expansion coil that can be placed directly into the thermostat. The thermoregu- 
lator is then used to turn the refrigerator on and olf as needed. 



Fic 20-8. Cooling a Thermostat by Calculating Liquid Through a Coil. Thcimoiegu- 
lator T controls pump P, drawing liquid from refrigerator R. as needed. 

Another arrangement that yields somewhat better control consists of refuger 
ating a large volume ol liquid at a very low, but not necessarily known, tempera- 
ture. This liquid is then used to cool the theimostat, by circulating it through a 
copper coil in the thermostat bath. The thermoregulator contiols only a small 
circulating pump, and die on-olf load on die refrigerator is considerably lessened. 

For shoit-term experimentation, excellent low- temperature control can be ob- 
tained in baths of melting icc (0°) or mixtures of dry ice and acetone (-80*)- 

0 D — Melting lie Lsc a Dewar flask It is unpoitant that the bath be full of crushed 
(and puic) itc plus watci. not just ice alone. Regular additions of ice aic needed, 
and a stinei reaching io die boliom ol the Mask should be used to keep water 
beneath the boating ice at 0“ Control of ±0.01° is i cl a lively simple. 

— 80^— Diy ice and acetone A Denar llj’-k is essential. Temperature control is veiy 

good and only dr\ icc must be added from lime to time. No stirrer is needed. 

In theory, a large number of different low temperatures should be attainable 
through the use of various ice-salt-water eutectics, in practice, most of these eutec- 
tics do not provide satisfactory temperature control. In some cases the saturated 
solutions are very viscous and do not come to equilibrium sufficiently rapidly. In 
others, metastable solid phases are formed, or hydrates do not undergo transitions 
rapidly, and the temperature is not constant. Except possibly for simple systems, 
such as those below, the use ol salt eutectics is not recommended. 

—21 1°— Ice -f NaCI q- uater. Use a Dcuai flask and start with only icc and salt. Stir- 
ring is essential to keep the solution saturated with salt as the ice melts. Both 
ice and salt must lie added periodically. Scratch the containei to ensute forma- 
tion of the stable dihydratc NaCI-2H-,0. 

— 17.7°— Icc q- NaN0 3 q~ water (no liydiates) 

— 15 4°— Ice -f NHjCl q- watci (no hydrates) 
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A fair i y i ar ge number of common organic compounds freeze between 0° and 
_50°C and are potentially useful as constant-temperature baths. The usual 
method is to stir in fine chips of dry ice until about half the mass has frozen and 
a constant temperature is attained. However, many of these compounds have low 
heats of fusion, and the baths require considerable attention during use. A half- 
frozen mass of ethylene glycol for example, will hold about -17°, but condensa- 
tion of water vapor from the air tends to make this temperature vary. Some com 
pounds (e.g., CC1 4 ) have allotropic forms near the melting point and yield only 
approximate control. On the whole, melting organic solvents are not suitable as 
high-capacity cryostats. 


SAMPLING 

Samples of a saturated solution taken for analysis should be filtered as a routine 
procedure. This is especially important when the solid settles very slowly, or 





Fig. 20-9. Filter Tips Attached to Pipets. a. Sintered glass filter attached with rubber 
tubing, b. Rubber tubing with glass wool or cotton, c. Filter paper folded about tip and 

held with rubber band. 


when it is finely divided or transparent. Aside from accidental introduction of 
solid, precautions must also be taken to prevent cooling (precipitation of solid) 
or evaporation of the solvent. 

Sampling with a pipet and suction is often quite satisfactory and can be used 
as a simultaneous determination of the density. Simple, removable filter “tips” 
may be made from sintered glass, glass 
wool, or filter paper held by rubber 
bands. If the solubility is being deter- 
mined above room temperature, the sam- 
pling pipet should be heated to prevent 
crystallization before the transfer is com- 
pleted. Simply preheating the pipet in an oven may be satisfactory, but insulating 
the bulb or wrapping with electrical heating tape is more efficient. ° 

The sample is usually delivered into weighed flasks, some care again being taken 
to prevent evaporation of the solvent. If very small samples must be taken, or if 
cooling and crystallization cannot be avoided, it is convenient to use prewemhed 



Fig. 20-10. Specific Gravity or “Weight” 
Pipet. 
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“weight pipets" from which die sample cannot spill; the whole pipet can be 
weighed at leisure. The sample is later washed out with the aid of heat and ex 
cess solvent. These pipets are often small enough to be completely immersed in 
the solution during sampling, thus eliminating temperature variations. 

Under certain conditions, it is preferable to use pressure rather than suction to 
take samples, and special apparatus can be devised to work entirely within the 
thermostated bath. If an inert atmosphere is being used, if die solvent is \olatile, 
or if sampling will take a long time (if filtration is slow, for example), the ar- 
rangement shown in Fig. 20-1 la may be desirable. 


s 


m 





(a) (b) 

Tic. 20-11. Apparatus for Sampling at Constant Temperature or Under Inert Atmos- 
phere. S, solubility tube; F t filter tip; B, sample bottle. 


After die solubility lube has been tumbled to attain equilibrium, the mouth is 
brought above die level of the bath and the stopper removed. The "fitted" stop- 
per is then quickly substituted and die sampling done by forcing solution over 
into the sample bottle. The whole assembly can be lowered back into the bath to 
maintain constant temperature during die transfer. 

If the stopper substitution step will lead to errors, die same type apparatus can 
be divided as in Fig. 20-1 lb. The solubility tube is already fitted with pressure 
inlet and filter tube. The connection AA' is made above the bath level and then 
resubmerged. Obviously, many odier variations ami adaptations of these tedi- 
niques are possible. 


ANALYTICAL METHODS 

All of the common physical and chemical analytical techniques have been used 
to determine solubilities. The simplest method is to evaporate die solvent and de- 
termine the weight of die residue. This can be done very accurately if the solu- 
tion is concentrated and the solute is stable during drying. The density of the sat- 
urated solution should be determined as a matter of loutine. 

With very insoluble materials, a physical method of analysis is often die best 
choice. A large amount of work, has been based on e.m.f. and conductivity meas- 
urements. Radiotracers and polarography are also valuable, but a number of solu- 
bilities reported by these methods have proven unreliable. With slightly soluble 
materials, great care must be taken to exclude impurities from both the solvent 
and the solute, or the measured “solubility" may be grossly in error. Greater care 
must also be taken during sampling in order to eliminate traces of suspended 
solute. 
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When a moderately soluble solute is being studied, it is sometimes possible to 
observe the approach to equilibrium without sampling and analyzing the liquid. 
A Graduated float, for example, can be used to (continuously) measure the density 
as die dissolution proceeds. Electrical methods have been used similarly. 

FACTORS INFLUENCING THE RATE OF ATTAINMENT 

OF EQUILIBRIUM 

The time required to reach equilibrium can vary widely from system to system, 
but certain generalizations can be made. The rate of dissolution of a solute in a 
given solvent depends primarily on the temperature, the surface area of the solute. 




(A) (B) 

Fic. 20-12. Solubility Tubes Attached to Rotating Wheels. 

and the degree of agitation. There is no simple relationship between the solubil- 
ity of a substance and the rate at which equilibrium is approached. Soluble salts 
are often said to dissolve more rapidly than insoluble ones, but this is a rather 
subjective observation, and there are many exceptions. For example, the insoluble 
silver halides equilibrate with water at least as rapidly as does silver nitrate. 

The rate of dissolution is usually determined by the rate of removal of satu- 
rated liquid from the surface of tire dissolving solute. Thus, the factors which 
increase the rate of removal-good agitation, high temperature, and low viscosity- 
are the ones most important in producing rapid equilibration. 

Agitation.— Some sort of agitation must be provided in all solubility determina- 
tions. If a number of experiments must be done at the same time, an “external" 
shaker or tumbler is most economical. The sealed tubes or flasks can be clamped 
in position and one motor used to turn them all. Submerged, rotating wheels (with 
clamps) are used to give long-term continuous operation. When tire saturation 
tubes are to be tumbled in this way, it is good practice to place a glass marble 
inside, m order to break up and mix the components. Sometimes steel balls or 
meicury are used if the solution is very dense or viscous. 

All sorts of shakers and rockers have also been devised. One satisfactory ar- 
rangement based on a commercial shaker is shown in Fig. 20-13a. In this arrange- 
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ment, it is important to keep the samples as far below the thermostat bath leul 
as possible. 

When only a few determinations arc needed, internal stirring with a propeller 
may be most satisfactory. With direct-drive stirrers, some sort of seal is needed to 
prevent losses by evaporation. Sometimes a flat bottom flask can be used and a 
magnetic stirring bar put inside. This eliminates troublesome rotating seals, but 
the magnetic field unit is then somewhat difficult to place. One satisfactory ar 
rangement (provided the bath is not made of steel) is shown in Fig. 20-13b. 

Temperature.— Although a given solute- solvent pair can be expected to equili- 
brate more rapidly at higher temperatures, heating cannot always be recommended. 
Tlieie is considerable danger that the heating may be carried too far and that a 
supei saturated solution may he formed. Even when excess solid is present, some 




Fic. 20-13 a Agitating Flasks with a Shaker, b. Internal Stirring with Magnetic Bars. 

Rotating Fields Arc Placed Beneath the Bath. 

supersaturated solutions come to equilibrium very slowly. Further, heating may 
cause an undesired (and unnoticed) solid phase change (e.g., dehydration), which 
may or may not be reversible. 

On the o tlier hand, heating to form purposely a supersaturated solution is an 
invaluable way of approaching equilibrium from "two directions.” If the solu- 
bilities from “under” and supersaturations agree, equilibrium is assured. 

Particle Size .'- For practical purposes, the solubility may be considered independ- 
ent of the particle side of the solute. Very fine particles, and freshly precipitated 
materials, have been found to have higher solubilities than coarser samples, 
but most finely divided solids age and grow rapidly and reach a stable equilibrium- 
Only with obviously “colloidal” solids need this elfect be considered. 

Fine crystals, of course, will reach equilibrium more rapidly than large ones, 
which is desirable. On the other hand, very fine crystals may settle slowly and be 
hard to filter during sampling. A few accidental solid particles can produce large 
errors in the analysis of dilute solutions. 

Viscosity Effects— Poly mers .— The great majority of systems will reach equilibrium 
in from a few hours to a day of stirring. In very viscous solutions, however, miv 
ing and diffusion can be so slow that weeks or months are required to attain equi- 
librium. Solutions in glycerin, glycols, or those containing organic high polymers 
fall in this category. Inorganic species such as silicates, phosphates, borates, anil 
iodates also form viscous solutions because of their polymeric nature. Concen- 
trated solutions of “simple” salts may become very viscous at temperatures below 
0®. Supercooling of such solutions is the rule, and equilibrium should be a P" 
proached from undersaturation whenever possible. 
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Other Rote-Determining Factors.- In certain systems the approach to equilibrium 
is slow and the “amount dissolved after a given length of time” may have more 
practical significance than the true “solubility.” Examples might be substances 
which decompose or hydrolyze slowly, or which react with oxygen or carbon di- 
oxide. It should be remembered that solids that have been sintered (e.g., Oab<J 4 ) 
may require a very long time to become rehydrated. In general, changes involving 
solid phases (solvation, solid solution formation) are much slower than those in 
the liquid. Compounds that are surface active, whose surface concentration dif- 
fers from diat in bulk, and compounds that associate in solution also equilibrate 
relatively slowly. 


ESTABLISHMENT OF EQUILIBRIUM 


Constancy of Composition.— The simplest and the most widely used criterion of 
equilibrium is constancy of solution composition. The solute (solid) is stirred or 
shaken with the solvent continuously, and samples are removed after varying 
periods of time. When successive analyses show no further change in composition, 
equilibrium between the phases has been attained. Constant composition with 
time does not, however, guarantee that (1) the starting material was pure, (2) slow 
changes are not occurring, or (3) the equilibrium is “stable” with respect to some 
other possible phase in the system. 

Approach from “Two Directions.’’— A considerably more rigorous test of equi- 
librium is to approach the same set of conditions from two different directions. 
If the solubility found from supersaturation is the same as that from undersatura- 
tion, equilibrium has been proven. The supersaturated solution is obtained by 
heating until excess solid has dissolved. The solution is then allowed to cool 


(with crystals present) in the thermostat. As a rule, the approach from super- 
saturation is slower than from undersaturation, even when enough crystallization 
nuclei are at hand. The difference between the equilibrium concentrations from 
under- and supersaturatiou is a fair measure of the reliability of the experiments, 
and the average value is usually taken as the solubility. 

When the system has three components (two solids plus solvent, or one solid 
with a mixed solvent), results can be obtained from two composition “directions.” 
For example, the solvent can be saturated with solid A first, and dten B added, 
or vice versa. This technique is especially useful when the solid phase is itself 
undergoing a change, such as solid solution formation. 


Purity of the Saturating Solid— If it is necessary to prove that the solute is 
"pure” and to know the true solubility, other techniques must be employed. One 
useful procedure is to determine the equilibrium “solubility” in two mixtures 
which contain widely different ratios of solute to solvent. If a soluble impurity is 
present, its concentration in the resulting two saturated solutions will be different 
and will alter the solubility of the solute in each to a different extent. (The im- 
purity may either increase or decrease the solubility of the main solute: insoluble 
compounds often become more soluble in the presence of foreign materials, very 
soluble compounds usually become less soluble.) ’ 7 

One way of obtaining the solubility of the pure solute is to “leach” it with 
successive portions of fresh solvent and determine the equilibrium concentration 
S m r impurity should eventually all be removed, and the solubility 
"U thereafter remam constant, which will indicate that the saturating phase is 
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IDENTIFICATION OF THE SATURATING PHASE 

Composition of Solid Phase .— The determination of "the solubility" implies a 
knowledge of the composition of the solid phase. If the solid(s) is changing, it 
may be necessary to re analyze it either directly or indirectly in order to be able 
to interpret the results. If the solubility of an inorganic salt is being determined 
in a water-alcohol mixture, for example, the formation of a solid alcoholate may 
change the composition of the solvent markedly. Similarly, the addition of a third 
component may change the degree of hydration of a salt and may alter tire inter- 
pretation of the data. The formation of 
solid solutions, double salts, and hydrolytic 
"basic” salts arc all relatively common 
complications. 

There are several methods of identifying 
solid phase changes that are routinely em- 
ployed in studies of phase equilibria. 
Direct chemical, physical, or microscopic 
analyses of the solid are obvious; the only 
problems involve removal of die saturated 
liquid and the prevention of changes dur- 
ing handling (evaporation, temperature, 
oxidation). When lire work is being done 
at high or low temperatures, or in viscous 
solutions, these problems may become very 
great, and an indirect analysis is often the 
only recourse. 

The fundamental technique in indirect 
solid phase analysis is Schreinemaker’s 
"Wet Residue" analysis. In this method, 
no attempt is made to dry or remove the 
solution from the sample of die solid 
phase. The wet solid is analyzed for each component, as is the saturated solution- 
The composition of the dry solid is then calculated by "subtracting” the composi- 
tion of the solution from that of the mixture. In order to do this the amount of 
liquid wetting the solid must also be known. One way of knowing this is to use 
a small amount of an inert “trace” compound that stays entirely in the liquid phase- 
The amount of the tracer found in the wet mixture indicates the amount of solu- 
tion retained. 

Convenient graphical and algebraic methods can be used when die system con- 
tains more than two components. In these, the solution and wet residue compo- 
sitions are plotted, and a straight line drawn through diem (a "tie-line”) also 
passes dirough the composition of the solid phase. The intersection of severa 
such tie-lines indicates the unknown composition. 

A convenient variation, of the wet residue mediod involves die preparation o 
mixtures of solvent and solutes of precisely known composition. After equilibrium 
h established, only the saturated liquid is analyzed. The original (total) compo- 
sition of the mixture can then be used as a point to fix the tie-line instead o 
analyzing the equilibrium wet residue. 

" Stable ” vs. “Metastable” EquiUbrium.-Ahhough these analytical techniques 
can establish die existence and reversibility of an equilibrium solubility, they can * 



Fig. 20-14. Determination of Solid Phase 
Cpmposition by the Intersection of Tic- 
Lines. compositions of saturated 

solutions; R,R.R compositions of the 
corresponding wet residues. Lines S-R 
are tic lines; C is the composition of 
the saturating solid. 
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not necessarily distinguish between stable and “metastable” equilibria. Unless the 
change is observed experimentally, there is no way of determining whether a sys- 
tem is metastable (or “unstable”) with respect to some other solid phase. Satu- 
rated solutions of sodium sulfate, for example, can be in true reversible equilib- 
rium widr the anhydrous solid at room temperature, even though the decahydrate 
is the “stable” phase below 32°C. The solid phase transition may not occur for 
weeks unless decahydrate seeds are introduced, and only then is it evident that 
the solubility curve of the anhydrous salt is metastable. 

Methods which can be used to induce formation of the stable phase are (1) addi- 
tion of “seed” crystals of the stable phase or of a similar compound which may have 
similar crystal structure, (2) vigorous scratching of the (glass) walls of the con- 
tainer, (3) heating or cooling (plus scratching) in the hope that a stable phase 
may form more readily at higher or lower temperatures. 


“SYNTHETIC” OR “POLYTHERMAL” METHODS 


In a “synthetic” or “polythermal” determination of solubility, a mixture of 
known amounts of solute and solvent is prepared and is heated slowly until all 
of the solute has dissolved. At the temperature where the last trace of solute dis- 
appears, the saturated solution has the composition of the prepared mixture, and 
die “solubility” is thus known. In other variations of the method, a solution may 
be cooled until the first crystals or cloudiness appears, or the heat capacity of a 
mixture may be followed by a cooling curve, as in freezing-point determinations. 

The “synthetic” method has the advantage that no analysis of the saturated solu- 
tion is necessary; the composition can be known to any desired accuracy in the 
preparation of the mixture. Tedious or inaccurate analytical procedures can thus 
be avoided. 

Since strictly isothermal conditions are not required, the synthetic method does 
not require elaborate thermostating equipment. It is well suited to systems that 
contain a volatile or air-sensitive component in which sampling would be difficult. 
The synthetic method is often used when only small quantities of material are 
available; the substances are weighed into a capillary, sealed, and observed micro- 
scopically. Finally, the synthetic method is extensively employed in very high- or 
very low-temperature work where sampling is nearly out of the question. The phase 
changes are deduced from changes in heat capacity on cooling or heating curves. 

Although the synthetic determination of solubilities is sometimes the logical 
choice, it has definite limitations. It does not, for example, reduce the need for 
utmost care in assuring that equilibrium has been attained. The solution must 
be well agitated, and must be held at each temperature long enough to become 
saturated. If the solution is viscous or if the solid phase is changing composition, 
the usual isothermal saturation method is faster and more satisfactory. The 
method is not suited for use with surface-active materials, or with very insoluble 
compounds. 1 


Procedure with Readily Soluble Solids .- The solvent and the finely divided 
solid are weighed into a tube or flask and placed in a (water) bath whose tempera- 
ture can either be raised continuously or can be held constant as needed A stirrer 
and precision thermometer are fitted to the flask. The solution is stirred at the 
ath temperature until no further solid appears to dissolve (at least one-half hour) 
he temperature of the bath is then raised a fraction of a decree per minute 
Wlen ° nl y a few Cf y stals o£ soIute remain, the rate of heating flowed down (to 
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less than 0.1* per minute), and for best results the temperature should occasion- 
ally be held constant to ensure saturation. The heating is continued until the 
last traces of crystals are about to dissolve. Tlte accuracy of the method depends 
on the length of time allowed for equilibration as the final temperature i$ ap- 
proached. A second determination on the same mixture is made by chilling to 
precipitate die solid, and Uicn reheating. With care, reproducibility to about 
±0.2 e C. can be obtained. Unless the solid has an unusually high-temperature co- 
efficient of solubility, the alios er accuracy can be fairly good. The method suf- 
fers in being time consuming and in requiring continuous observation. 

It should be noted that the precise solution tempcratuie cannot be obtained by 
cooling a solution to the first appearance of crystals, because supersaturated solu- 
tions will almost invariably be formed. Replicate determinations must always be 
made from the direction of undersaturation. 

Use of Cooling ami Heating Curves .— Although cooling and heating curves can 
be used with high precision if die appropriate apparatus is available, they are 
generally less useful than other methods in loutine solubility determinations. Ac- 
curate work requires that a constant temperature differential be maintained be- 
tween the solution and the bath, and the rate of cooling or heating of the solu 
lion is plotted. These rates arc often too fast for the solid-solution equilibrium 
to follow satisfactorily. Excellent precision can be obtained when ice is the phase 
crystallizing from a solution, for example, but the heat capacity of many other 
compounds is relatively low, and thermocouples radier than glass thermometers 
must be employed. 

SOLUBILITY OF LIQUIDS IN LIQUIDS AT 
CONSTANT TEMPERATURE 

The Analytical Method .— The major differences between solid-liquid and liquid- 
liquid solubility determinations arc that: 

1. With two liquids, the solubilities are reciprocal. That is, some of each liquid 
always dissolves in the other, anti both liquids must be analyzed in order to de- 
scribe the system properly. 

2. Liquids attain solubility equilibrium much faster than do solids, and 5 or 10 
minutes of shaking is usually all that is required. Conversely, good temperature 
control must be maintained at all times. 

3. Certain difficulties are experienced because of the volatility of the liquids. 
In order to prevent pressure build-up during agitation, only a small "free air 
space should be left. If possible, the free space should be allowed to fill 
solvent vapor before sealing the solubility vessel. 

Unless die liquids form stable emulsions, they should be agitated vigorously to 
provide thorough mixing and high surface area of contact. If emulsions tend to 
form, or foams are produced at the interface, then only gentle mixing can be 
used and correspondingly more time is needed for equilibration. 

When the liquid layers have separated, samples of each layer are taken or 
analysis with pipets inserted to the proper level. Samples of the bottom layer can 
be taken without contamination from the top layer by using a clamp or stopcock, 
or by maintaining a very slight positive pressure of air while lowering the P'P et 
tip through the upper layer. 
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The Synthetic Method .- This method is based on measuring the volume changes 
of the two liquid phases as they equilibrate with each other, and can be applied 
to any liquids that separate to form a sharp interface after mixing. Graduated 
cylinders, burets, or specially constructed flasks are used. 

Two separate mixtures of the two liquids and L, are prepared, and the 
original weight of each liquid is measured. In the first mixture a large amount of 
liquid L, is used with a small amount of L>, and in the second mixture it is the 

reverse a large amount of L with a small amount of L±. Each mixture is then 

thoroughly mixed and allowed to separate. The volumes of the top and bottom 
layers are then read. 



(a) (b) 

Fig. 20-15. a. Graduated Cylinders Used to Measure Liquid-Liquid Solubilities, b. Flasks 

Designed for Grealer Accuracy. 

Even though the relative proportions of the upper and lower layers differ, the 
compositions of the upper and lower layers in the two mixtures are the same (the 
solubility of each liquid in the other is a constant at a given temperature). The 
total (original) amount of each liquid is now distributed between the two layers, 
and if 

.Y = concentration g./ml. of Li in the upper layer 
y = concentration g./ml. of L\ in the lower layer 

then 

Total wt. Li in the first mixture = xV\ -j- y {/> 

Similarly : 

Total wt. L\ in the second mixture = xV-j -{• yV 4 

These equations are then solved simultaneously for x and y. If the densities 
of the equilibrium upper and lower layers are also determined, the concentrations 
(grams per milliliter) can be converted to a strictly weight basis. 

This method can be used with high accuracy if specially constructed bottles are 
employed. These bottles hold relatively large (calibrated) volumes, but the menis- 
cus levels are read in narrow tubes. More time and care must be taken in the 

equilibration of the phases, however, because of the constricted design of the 
flasks. & 

The Cloud-Point Method (Synthetic ). -The synthetic “cloud-point” method is 
often used in the determination of liquid-liquid solubilities as a function of tern 
perature. Equilibrium is rapidly attained and the “end point” is easy to observe 
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The usual approach is to weigh appropriate amounts of the two liquids together 
and to then heat (or cool) until a single homogeneous phase is formed. The tem- 
perature is then slowly lowered (or raised) until the second liquid layer is seen to 
separate out. This is an approach from the direction of oversaturation, but liquid 
phases do not tend to supersaturate. The formation of the droplets of the second 
liquid occurs throughout the entire solution and gives the whole a "cloudy” ap- 
pearance. This "cloud-point" change usually can be observed with both rising 
and falling temperature, and can be determined to about ±0.2°. 

The single cloud-point determination does not yield the composition of the 
second (cloud) liquid phase. If the temperature of phase separation is determined 
over the entire range of composition (0-100%) of the two liquids, and a smooth 
curve drawn through the points, then the compositions of the phases coexisting 
at any given temperature can be read from the graph. 


SOLUBILITY OF GASES IN LIQUIDS 

Gas solubility measurements are subject to many errors of manipulation. In 
addition to thermostating. the total pressure must be controlled, the vapor pres- 
sure of the solvent must be known, and the solvent (and apparatus) must be free 
of foreign gases. Special care must be taken to eliminate gas leaks and to keep 
the vapor space saturated with solvent. 

The solubilities are usually expressed as: 


l = the Ostwald coefficient which is the volume of gas (measured at die tempera- 
ture and pressure of the experiment) absorbed by one volume of solvent 
/3 = the Bunsen coefficient which is the volume of gas (corrected to 0% 760 mm) 
absorbed by one volume of solvent. 


As these coefficients imply, most gas solubilities 
are measured by volumetric means. With very 
soluble or reactive gases, however, direct weigh- 
ing, titration, etc., are entirely feasible. Often 
the solute gas can be swept or distilled out of 
die saturated solution and analyzed indepenfr 
emly. 

In the standard absorption method origi- 
nated by Ostwald, a gas buret (A in Fig. 20-16) 
is connected by capillary tubing M to an ab- 
sorption flask or pipet B. The dimensions of 
A and B must be chosen with due regard to the 
solubility of the gas being measured. Great 
Cdre must be taken to prevent gas leaks and 
both the buret and pipet are thermostated for 
best work. If only the pipet is thermostated, 
temperature corrections for the portion of the 
gas in the buret must be made. The solvent 
i* thoroughly degased by boiling, and is drawn 
up under vacuum through S. When 5 is fu , 
the apparatus is flushed with the solute gas, which is removed through three-way 
stopcock C and tube R. Buret A is filled by lowering mercury reservoir F. A por- 
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.. n o£ ^ is passed into the absorption pipet by raising F and opening . 
The volume & o£ solvent forced out through G is measured. The volume o gas m 
the pipet equals that of the liquid displaced; the volume of liquid remaining is 
calculated from the known volume of the pipet. Stopcock C is dosed - a,ul 
pipet (or whole apparatus) is shaken to mix the gas with the liquid C is tl 
opened to allow gas from the buret to enter and replace that absorbed. This 




Fig. 20-17. a. Film Absorption Apparatus of Morrison and Billett. b. Modification 
Permitting Study of Very Soluble Gases. 

process is repeated at 5- to 10-minute intervals until, upon opening C, there is no 
further decrease in volume in A. The absorption coefficient is then calculated, 
taking into account the partial pressure of the solvent. With careful work, pre- 
cision of better than 1% is obtainable. 

An important variation of the volumetric method was introduced by Morrison 
and Billett (Fig. 20-17a). In this apparatus the solvent is added continuously, and 
the film of liquid rapidly comes to equilibrium with the gas. No agitation is re- 
quired, and the precision of the measurements is excellent. 

The solvent is boiled out in J, which contains a vapor-pump V, and is siphoned 
into the apparatus through the constant-level siphon S. The liquid drops into 
the gas-filled chamber at A and flows through spiral B where it becomes saturated. 
Saturated liquid is collected from E just fast enough to keep the levels in C and D 
the same. Readings of the level C and the volume of liquid from E are made: 
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C measures the volume of gas absorbed; E, plus the accumulation at C and D, ij 
the volume of solvent. 

Tube D is filled with gas, and F-G assures that the pressure is constant through, 
out. The spiral H is used to preheat the solvent for work at high temperatures, 
the absorption section is thermostated. 

Using a spiral ft made from 10-mm. tubing, and C and D from 50-ml. burets, a 
drop rate of about 2 cc. per minute through A was generally found to be satisfac. 
lory. The method has the advantage that fresh solvent is constantly being used, 
that equilibiation is rapid, and that a large number of leadings can be made. 
When the volume of gas dissolved is plotted against the volume of solvent used, 
a straight line must result. 

When solubilities of very soluble gases arc to be measured, the adaptation shown 
in Fig. 20-175 has been employed. The gas buret C. has been enlarged to include 
the volume C. Solvent is also added at It to keep the levels X-Y equal and thus 
maintain constant pressure. Readings at R (collected liquid) and at X and }' am 
made when the liquid level in C is at a fixed mark M (controlled by die flow 
through £). An allover precision of 0.5% is attainable. 
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Chapter 21 


DETERMINATION OF WATER 


By John Mitchell, Jr. 

I'olychcmicals Department 
E. I. DuPont dc Nemours & Co. 
Wilmington, Del. 


Literally hundreds of methods have been proposed for the determination c>£ 
water in solids, liquids, or gases. Procedures hate been developed based on the 
high chemical reactivity of water, its electrical and physical properties, and its 
absorption characteristics.*. * In the current brief review, the more widely used 
techniques for the analysis of commercial materials arc discussed. General pro- 
cedural information is given for several methods. However, for operation of com- 
mercially available instruments, the reader is referred to the manufacturers’ lit- 
erature. 

Karl Fischer Reagent ( KF/l ) Method .— The liquid or solid sample, containing 
up to 250 mg. of water, usually is dispersed or dissolved in an inert liquid, such 
as methanol or pyridine, and titrated in a desiccant-protcctcd system with KFR* 
equivalent to about 3.5 mg. water per ml. of KFR. (The solvent may be pred- 
trated to eliminate a blank correction.) During titration the color of the solution 
remains canary yellow as long as unreacted water remains. After all of the water 
is consumed, the color changes to brown due to the presence of unreacted iodine. 
Thus, the reagent serves as its own indicator and permits visual determination 
of the end point with a limit of detection of about 0.5 nig. of water. Considerably 
lower limits of detection arc obtained by electrometric determination of the cite 
point, using Die "ucad-stop," potcntiomctric, ampcrometric, or couiomtvrie. tssw 
tuque,** 2 3 Commercial electrometric apparatus is available. Weight percentage o 
water is calculated as follows: 

Net ml. (sample-blank) X mg. HjO/ml, KFR X 100 -4* g. sample X 1000- 

Water in insoluble materials often may be determined more readily by extrac- 
tion at room or elevated temperature prior to titration with KFR. For example 
about 07% of the moisture in wood was extracted by methanol in 6 or more hou rs 

1 Mitchell, J., Jr., and Smith, D. M., Aquametry, Intersciencc Publishers, Inc., New 

1948. 'll 

2 Mitchell, J., Jr., in Treatise on Analytical Chemistry, Pt. II, Vol. I (eds. I. M- K° t 

and P. J. Elving), Interscience Publishers, Inc., New York, 1961. , » 

3 KFR is composed of iodine, sulfur dioxide, pyridine and methanol or methyl Geilosoivo 
It can be prepared in the laboratory '•* or purchased from laboratory supply houses, 
overall reaction is 1 

HiO -f C&H5N-I2 + CsHjN-SOj -f C 6 H 6 N + ROH -» 2C&HsN-HI + CsHsN(H)SO<R 
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at room temperature or 2 to 4 hours under reflux. Water in many plastics was 
extracted in about one-half hour by refluxing methanol. 1 

The titration can be made over a rather wide temperature range. Consequently, 
some condensable gases can be analyzed directly at reduced temperature, e.g., buta- 
diene at 0°C. Many noncondeusable and condensable gases also can be analyzed 
directly by passing the sample through an absorber containing a known volume of 
KFR. Indirect analyses can be made by scrubbing through a dry, inert liquid, 
such as methanol, followed by titration of the liquid with KFR. 

By proper choice of reagent concentration (water equivalence), apparatus, and 
method of end-point detection, the range of water titrated can vary from several 
micrograms to several hundred milligrams. This permits analyses for water in 
concentrations from parts per million to 100%. 

A number of substances interfere by consuming iodine and, therefore, appear as 
water. A few materials oxidize hydriodic acid, one of the KFR reaction products, 
to iodine, giving low apparent results for water. Usually, these reactions are 
stoichiometric; where the concentration of interfering substance is known, suitable 
corrections can be applied. Many compounds can be rendered inert by suitable 
treatment prior to titration with KFR. The following are typical interfering ma- 
terials (for more details the reader is referred to footnotes 1 and 2): 

Aldehydes, Ketones Ammonia 

Diacyl peroxides Boric acid and oxides 

Mercaptans Metal carbonates and bicarbonates 

Silanols Metal hydroxides and oxides 

The rate of interfering reaction of the active carbonyl compounds is reduced by 
use of KFR having a higher pyridine concentration. Interference by ammonia is 
eliminated by use of excess acetic acid in the solvent. 

Most other materials are inert, including most acids, alcohols, esters, saturated 
and unsaturated hydrocarbons, halides, hydro- and clialkyl-peroxides, salts of in- 
organic acids, sugars and other “stable” carbonyl compounds. Standard procedures 
have been established for lacquer solvents 4 and naval stores. 5 

On direct titration, total water usually is determined, i.e., free plus hydrated. 
Often, free water can be determined in hydrates by extraction with a water-miscible 
liquid, such as dioxane, which does not dissolve the sample. 

Oven-Dry Methods .— The solid or nonvolatile liquid sample, which may weigh 
from a few tenths of a gram to about 100 g„ depending on the nature of material 
and expected water content, is weighed in a tared container and placed in an oven 
(usually 100° to 105°C. at 1 atm.). After 1 or more hours, the sample is removed, 
cooled in a desiccator over a suitable drying agent, such as dry calcium sulfate, 

and dien reweighecl. The process is repeated until constant weight is attained. 

The decrease in weight is calculated as per cent water. Ovens with built-in bal- 
ances are available commercially, permitting analyses in a single step. 

Conditions for drying depend on the material to be analyzed and must be es- 
tablished empirically for each type of substance. Paper may require only 1 hour 
at 100° to 105°C. 6 Complete dehydration of inorganic hydrates may require con- 
siderably higher temperatures, e.g., hydrated nickel sulfate becomes anhydrous at 
280°C. With many solids, particularly some natural products, the rate of diffu- 

4 ASTM Standards, Pt. 8, 1958, p. 943. A STM D1 364-58. 

5 ASTM Standards, Pt. 8, 1958, p. 425. ASTM D890-58. 

0 ASTM Standards, Pt. 4, 1949, p. 912. ASTM D644-44. 
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sion of water to the surface may be quite slow and, therefore, several hours may 
be required for its complete removal. For procedural details on specific materials, 
the reader is referred to the table of contents. 

The oven-drying procedure measures weight loss. Consequently, all losses are 
calculated as water. These may be due to other volatile compounds originally 
present in the sample or formed by thermal decomposition of die sample. In 
some cases oxidation may occur, leading to low results. 

Many thermally unstable materials can be handled satisfactorily at reduced tem- 
perature by use of (I) a vacuum oven or (2) a desiccator. In the latter case the 
weighed sample is placed in a desiccator at room temperature and 1 atm. or less 
pressure and allowed to stand until a constant weight loss is obtained. This usu- 
ally requires weeks or months; hence, the desiccation procedure is seldom used for 
other than calibration purposes. A variety of vacuum ovens are available. Usu- 
ally, time requirements are increased o\er conventional oven drying, and condi- 
tions must be established for each type of material studied. Procedures base been 
proposed for a variety of dairy products, meats, drugs and partially dehydrated 
foods. 7 For biological substances, some dehydrated foods and other relatively un- 
stable materials, Iyophilization (freeze drying) is of value for removing the bulk of 
the water. 8 

Pen field Method.—' This procedure has been used widely for determining water 
in silicate rocks. In the original method ® 1 g. of powdered sample was placed in 
a test tube having one bulb blown at the closed end and another near the mid- 
point of the tube. Wet cloth was placed around the center bulb which served as 
a condenser. The end of the tube was closed with a capillary to minimize loss of 
water. The sample in the tube was heated with a gas burner. The evolved water 
vapor condensed in the center bulb. After all condensed water was driven into 
the bulb, the hot flame was placed midway between the bulbs and the upper por- 
tion of the tube drawn off and rounded. The tube was allowed to cool, the wet 
clotii removed, the outside of the tube wiped dry, and the tube weighed. Then 
the tube was dried and reweighed. The decrease in weight was calculated as per- 
centage of water in the sample. 

A modification of the Penfield method employed a tared filter paper placed in- 
side Uve cube to collect, condensed voovsnne. 10 Mtev all oC dve water was collected 
on the paper, it was reweighed. The increase in weight was equivalent to water in 
the sample. 

The result represented total water in the sample. Combined water was esti- 
mated by subtracting the value for hygroscopic water (obtained by drying I g- 
sample to constant weight at 105° to 110'C.) from the total water found. 

Absorption Method .— The gaseous sample is passed through a tared absorption 
lube containing a desiccant such as dry calcium sulfate, magnesium perchlorate, or 
phosphorus pentoxide. Increase in weight of the absorption tube is calculated as 
percentage of water. The technique also is applicable to solids and nonvolatile 
liquids from which water can be removed during passage of a dry gas. The sample 
is weighed into a boat and heated in an open combustion tube. Inert gas, usu- 
ally nitrogen or air, is passed over the sample after drying through a tube con- 
taining the same desiccant as that used in the tared absorption tube. 

7 Makower, B., Chastain, S. H., and Nielsen, E , Ind. Eng. Chem., 38, 725, 1946- 

8 Makower, B , and Nielsen, E., Anal. Chem., 20, 856, 1948. 

9 Penfield, S. L„ Am. J. Sci., 48 (3), 30, 1894. 

Shapiro, L., and Brannock, W. W., Anal. Chem., 27, 560, 1955. 
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The absorption method tends to be more nearly specific for water than those 
methods based on weight loss. It may be more reliable for determining small 
amounts of water in large samples since the absorbed water is weighed directly. 
Interferences include other volatile compounds absorbed by the desiccant. Water 
formed during thermal decomposition will lead to proportionately high results. 

Through proper choice of desiccant, some interferences can be avoided. For 
example, calcium oxide may be suitable for samples from which 
ammonia is evolved. 

Distillation Method .— The sample with an excess of a suitable 
water-immiscible carrier, such as toluene or xylene, is placed in a 
distillation flask. The flask is connected to a reflux condenser 
having a special graduated receiver (see Figs. 21-1 and 21-2 x1 - 12 ). 

Then the mixture is heated, usually electrically, and the conden- 
sate collected in the receiver. The condensed water remains in 
the receiver while the carrier is returned through an overflow to 
the distillation flask. The collected water is measured volumet- 
rically. Further details on procedure are given in other chapters 
dealing with specific products. 

Routine applications of the distillation procedure date from 
the developments of Dean and Stark, 13 who devised apparatus for 
continuous refluxing, collection of water in a calibrated trap, and 
return of the carrier to the distillation flask. Their design is 
still used for determining water in petroleum products and other 
bituminous materials 41 - 12 (Fig. 21-1). Other types of traps are 
recommended for various applications. 11 - 12 - 14 Examples shown 
in Fig. 21-2 are for use with a carrier having a density less than 
that of water. In this case, water collects in the graduated por- 
tion of the trap and most of the organic (upper) layer returns 
through the side arm to the distillation flask. The most com- 
monly used carriers are benzene, toluene, and xylene, the first 
two forming heterogeneous azeotropes with water. 

For special cases, e.g., where flammability is a problem, chlo- 
rinated materials are used, such as carbon tetrachloride and tetrachlorethane. 
Since these materials are heavier than water, a trap must be used which permits 
return of the lower organic layer to the distillation flask. The traps, 14 shown in 
I’ig. 21-3, are illustrative of designs permitting return of the lower layer. 

The distillation procedure has been used widely for determining moisture in 
grains, leather, petroleum products, soaps, and sugars. 14 

Electrical Methods .— Water has several unique electrical properties which per- 
mit nearly specific analyses of many liquids, solids, and gases. The most com- 
monly employed are measurements of dielectric constant or capacitance, conduct- 
ance or resistance, and electrolysis. Commercial instruments are available for 
making these rapid measurements. 

Dielectric Constant.— Water has a very high dielectric constant of about 80, as 
compared to that of most other materials, e.g., the constant for paper is about 2 5 

11 ASTM Standards, Pt. 4, 1958, p. 1079. A STM D95-58. 

12 ASTM Standards, Pt. 7, 1958, p. 1339. ASTM E123-56T. 

13 Dean, E. W„ and Stark, D. D., Ind. Eng. Chem., 12, 486, 1920 

14 Fetzer, W. R„ Anal. Chem., 23, 1062, 1951. 
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Actually, most instruments basically measure the capacitance of a condenser using 
the sample as a dielectric. The capacitance of a parallel plate condenser is pro- 
portional to the area of the plates and the dielectric constant of the sample be- 
tween die plates and inversely proportional to the distance between the plates. 
Once a system is calibrated, measurements then are proportional to water content, 
provided conditions are reproduced. The method is in wide use for measuring 
water in paper, textiles, and tobacco. 15 

Conductivity, Resistance.— Conductivity (or resistance) measurements can be 
made conveniently on systems containing an electrolyte in which components 
other than water are essentially nonconducting. When electrodes at a fixed po- 
tential are placed in the sample, the current is proportional to water content. Each 
system must be calibrated. Instruments have been described for direct determina- 
tion of water in materials such as grains, paper, textiles, plastics, tobacco, sand, 
wood, leadier, and soils. 15 

In addition to determining water in solids and liquids, water in gases can be 
measured indirectly. Moisture in the gas is absorbed on a suitable solid, e.g., 
lithium salt, sulfuric or phosphoric acid, where the change in conductivity is 
measured. 16 The procedure has been applied to analyses of air, oxygen, nitrogen, 
and natural gas. 

Electrolysis.— Moisture in the gas is absorbed by a suitable hygroscopic material, 
e.g., phosphorus pentoxide. Then the collected water is electrolyzed to oxygen and 
hydrogen, the electrolysis current being proportional to water content. 17 Com- 
mercial instruments are available for use as continuous or batch analyzers. 

The technique is most useful for determining 1 to 1000 p. p. m. water in gases, 
such as air, nitrogen, hydrogen, carbon dioxide, argon, helium, hydrocarbons, and 
fluorinated hydrocarbons. Most acidic and basic materials interfere. 

Deiu Point .—' The dew point is defined as the temperature at which a gas be- 
comes saturated with moisture, i.e., where dew begins to form. Usually a mirror 
or highly polished metal surface is exposed to the gas in a closed system. Provi- 
sion is made for cooling or heating the surface to permit alternating adjustments 
to slightly above or below the dew point. 18 The technique is suitable for analyses 
of inert gases which do not contain materials other than water that would con- 
dense at the dew point. Tables are available for converting dew-point tempera- 
tures to moisture contents of several gases. 19 

Hygrometry .— Relative humidities of air are usually determined with the dry- 
and wet-bulb psychiometer. In its simplest form, the psychrometer consists of two 
thermometers; the bulb of one is left bare while the other is covered by a mois- 
tened wick. Relationships have been derived relating relative humidity to the 
two temperatures observed after swinging the thermometers. 20 The wet-bulb tem- 
perature depends on rate of evaporation of water from the wick which in turn is 
related to moisture concentration of the air. 

Variations in equipment include the “hygroscope.” 20 This compact unit is 


15 


‘Mitchell, J., Jr., in Treatise on Analytical Chemistry, Pt. II, Vol ICeds T M tcrntwr 

and P. J. Elving), Interscience Publishers, Inc., New York, 1961 ( Kolthotf 

60 ;SlS E - R -> Hughes> E -. E -> and Diniak - A - W > J- Reseai 'ch Natl. Bur. Standards, 


17 Kenlel, F. A., U. S. Patent 2,830,945, 1958; Anal. Chem., 31, 2043 1959 

18 ASTM Standards, Pt. 8, 1958, p. 1235. ASTMD1 142-58 
18 II field, R. M„ Anal. Chem., 23, 1086, 1951. 

20 Wexler, A., and Brombacher, W. G., Natl. Bureau Standards Circ. 512, 1951 
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commonly called the hair hygrometer because its response depends on the behav- 
ior of human hairs kept under tension. A simple lever system connects their mid- 
point with a pointer. Changes in humidity cause variations in tension which ar« 
indicated directly. 

Hygrometer methods are used widely in meteorology, by the air conditioning 
and refrigerating industries and for determining equilibrium humidities over non- 
volatile liquids and solids. 

Infrared Spectrophotometry.— Absorption in both the near infrared and funda- 
mental regions forms the basis for rapid, nondestructive determinations of water 
in many solids, liquids, and gases. The most useful analytical wavelengths are 
1, 1.423, 1.9, 2.7, and 6 microns. In the absence of interfering materials, sudi as 
alcohols and primary or secondary amines, absorbance is proportional to concen- 
tration of water in die sample. 

Applications include analyses for water in various organic compounds at 1 mi- 
cron, in fuming nitric acid at 1.423 microns, in glycerol, plastics, sulfur dioxide, 
and hydrazine at 2.9 microns, in fluorocarbons, mercaptans and pyridine in die 
2.7-micron region, and in hydrocarbons and chlorine in the 6-micron region. 2 ' 
The infrared method is best suited for determining water in concentrations rang- 
ing from parts per million to a few per cent. 

Nuclear Magnetic Resonance Spectroscopy.— Instrumentation proposed meas- 
ures proton resonance of the granular solid sample. 22 - 23 The method is essentially 
specific for water, provided no other hydrogen-rich compounds are present in the 
liquid phase. Under these conditions, a sharp proton signal is given by the water 
superimposed on a broad signal from the solid. 

The NMR technique has been used for determining several per cent water in 
materials such as egg albumin, candy, starches, paperboard pulp, and wood pulp. 21 
Commercial instruments arc available. 

Neutron Scattering.— Hydrogen reduces the speed of fast neutrons more eh 
fectively than other common elements. In the absence of significant amounts of 
hydrogen-containing compounds other than water, this principle can be used for 
analysis. Application to rapid determination of water in soil has been studied ex- 
tensively. 3 * Compact field units have beeu developed containing a mixture of 
polonium and beryllium as a fast neutron source and boron trifluoride as a neu- 
tron counter. 21 Measurements have been made directly in the field, after lowering 
the source and counter in a hole drilled in the soil. The method is unaffected 
by temperature, texture, composition, or compaction. 3 * Commercial apparatus 
also has been used on other granular solids such as cement. 

Gas Chromatography.— Usually, during separation by gas chromatography, the 
water peak tends to be broad with significant tailing. 25 However, with continue 
development the technique promises to provide rapid, reliable determinations Q 
moisture in gases. 

21 MuchcU, J , Jr , in Treatise on Analytical Chemistry, Pt. II, Vol. I (Eds. I. M. K 0,tll ° 
and I*. J. Ehing), Intel science Publishers. Inc- New York, 1961. 

2 - Shaw, T. M., Elsken. R. H , and Kuusman. C. H., 1. Assoc. Official Agr. Chemists, 5 > 
1070, 1953. 

23 Shaw, T. M., and Elsken, R. H- Anal. Chem., 27, 1983, 1955. 

21 Gardner, W , and Kirkham. D.. Soil Science, 73, 391, 1952. ' .. , r - t 

25 Dal Nogaie, S., and Safianski, L. W.. in Organic Analysis, Vol. 4 (Eds. J. Mitchell. , J 
I. M. KolthofF, E. S. Proskauer and A. Weissberger), Interstience Publishers, Inc., 
York, 1960, p. 91, ' 
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COMMERCIAL ACIDS AND BASES * 

By E. F. Joy and A. J. Barnard, Jr. 

J. T. Baker Chemical Co. 

Phillipsbtirg, N. J. 


Today, the mineral acids and common inorganic bases receive most extensive 
and diversified application through the full spectrum of science and technology. 
Their analysis is of significant interest not only to the relevant chemical producers, 
but also to many consuming industries. In this chapter, the analysis of these im- 
portant chemicals is considered, as well as that of some additional acids that are 
receiving increasing tonnage application, such as perchloric, hydrofluoric, and cer- 
tain organic acids. The procedures for the analysis of sulfuric acid are treated in 
greater detail, and often the analogous determinations for other acids can be con- 
sidered as modifications of these procedures. 


DETERMINATION OF SPECIFIC GRAVITY VIA 
A HYDROMETER 


The strength of some common acids and bases is often estimated within pro- 
duction plants and consuming industries by means of a hydrometer. Hydrometers 
of limited range are to be preferred and are best checked occasionally against 
standards established by the use of a pycnometer or against a set of calibrated 
hydrometers. 1 Further, the thermometer used to determine the temperature of the 
liquid should also be checked against standard thermometers. Specific gravity 
tables for some common acids and bases are given on pp. 612 through 626. 

The following precautions in the use of a hydrometer are noteworthy: (1) the 
hydrometer should be clean and dry and at the temperature of the liquid prior 
to immersion; (2) the vessel should allow the hydrometer to float freely (at least 
% in. greater in diameter than the hydrometer bulb); (3) the hydrometer should 
be slowly immersed in the liquid slightly beyond the point at which it floats, and 
should then be allowed to float freely, (4) no air bubbles should be present in 
the liquid or clinging to die instrument or vessel walls; (5) the eye should be 


* Compiled with the assistance of the following companies that kindly provided rec- 
ommended procedures: Allied Chem. Corp., General Chem. Div. and Solvay Process 
Div; J. T. Baker Chem Co.; Columbia Southern Chem. Co.; The Dow Chem. Co.; b- i. 
DuPont de Nemours & Co., Inc.; Miles Chem. Co.*, Monsanto Chem. Co.; Charles Fhzer & 
Co, Inc; and U. S. I. Chemicals Co. Additional information was gleaned from . re P““* 
of the Tennessee Valley Authority, tire United Kingdom Atomic Energy Authority, ana 
the United States Bureau or Standards. nf 

i Information on the correct use of hydrometers appears in United Statu ^® ure ? U j, 
Standaids Circular No. 57. Additional information may be secured from ASTM Stanaam , 
EIOO and E126. 
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placed below the plane of the surface and be slowly raised until the surface, seen 
as an ellipse, becomes a straight line (the point at which this line intersects the 
hydrometer scale should be taken as the reading); (6) where the required accuracy 
demands, the temperature of the liquid should be taken before and after the 
reading, and a correction should be applied for the variation in temperature from 
the standard conditions for the hydrometer used and the density tables available. 

In the United States, the specific gravity (and the related special units) is gen- 
erally expressed at exactly 60°F. (15.56°C.), as compared to gas-free water at exactly 
60°F. Under these conditions the following conversion formulas apply (and were 
used in the calculation of the tables on pp. 612 through 626, unless otherwise stated). 
For liquids heavier than water: 

degrees Twaddell = (sp. gr. — 1) X 200 
sp. gr. = (degrees Twaddell + 200)/200 
degrees Baume, Heavy = 145 — (145/sp. gr.) 

For liquids lighter than water: 2 

degrees Baume, light = (140/sp. gr.) — 130 
sp. gr. = 140/(130 + degrees Baume, light) 

The inherent error in measurements with hydrometers is of the order of ±1 in 
the third decimal place. The Westphal balance can be made somewhat more 
accurate, possibly to ±2 in the fourth decimal place; the conventional plummet 
for this instrument, however, is not resistant to strong acids or alkalis. The pyc- 
nometer gives most accurate measurements of density, although its use is tedious; 
for the precision assay of common acids and bases, acid-base titration methods are 
usually preferred. 

METHODS OF MEASURING SAMPLES OF ACIDS BY WEIGHT 

AND VOLUME 

As die prelude to the determination of the acid content of add solutions, it is 
necessary to take a known weight. Special techniques are demanded where the 
acid is volatile or fuming, in order to assure its confinement during die weighing 
operations and until it is mixed with water (or standard base). Where a sample 
of the acid is required for the determination of an impurity, the sample is often 
established by taking a known volume of the acid by a pipet or from a buret. 
The weight of this volume may be calculated with sufficient accuracy from the 
specific gravity, determined either by use of a hydrometer or calculated from the 
estimated strength of the acid and a specific gravity-composition table: 

(volume taken) X (sp. gr.) = weight taken. 

Where a number of impurities must be determined following dilution of sam- 
ples with water, it is sometimes expedient to weigh a single sample of the acid, 
dilute to known volume with water, and employ portions of this solution in the 
individual determinations. 

, 2 existence of a further Baume scale for liquids lighter than water employed in 
, u - s - petroleum industry should be appreciated: API degrees Baume = API mavitv 
degrees = (141.5/sp. gr.) — 131.5. ** Uy * 
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Weighing of Dilute, Nonvolatile Acids .— The weighing may be effected directly 
into a small beaker or flask, or by use of a weighing bottle or tube. The special 
weighing tubes for volatile acids are, of course, also satisfactory (see below). J( 
the acid sample is to be used in the determination of the acid 
content, the weight taken should correspond to the optimum 
volume of standard base that can be delivered in a single fill- 
ing of die buret used. 9 Hence, it is often necessary to calcu- 
late the approximate volume of the acid to be taken in order 
to secure a proper sample weight. Where the specific gravity of 
the acid has been determined by a hydrometer, the following 
formula may be applied: 

v » Vb * x m 
P a X D a XnXiO 

where V a is the milliliters of acid to be taken for weighing, V b , the 
optimum milliliters of standard base to be consumed in the titra' 
tion; N b , the normality of this base; Af, the formula weight of 
the acid; n, the number of titratable hydrogen ions furnished by 
one molecule of the acid (/» = I for monoprotic acids, etc.); 
die percentage (w/uz) strength of the acid (calculated from the 
specific gravity by use of a proper specific gravity-composition 
table); and D a , the specific gravity (determined via a hydrometer), 
Weighing of Volatile, Fuming, and Concentrated Acids .—' The 
application of special techniques is required. 

Lunge-Rcy “Bulb-Tap” Pipet.— This device, which is often of 
fered commercially under die designation Lunge weighing bottle, 
is seen in Fig. 22-1 The acid sample is confined to the bulb be- 
Fig. 221. Lunge- tueen the two stopcocks. The lower part of die device is fitted 
Rcy Pipet (Aft- with a ground glass joint and carries a protective tube; the joints 

er Lunge, 9:’ Jrc provided with a pressure-relief channel. In use, the dry device 
Angew^'chem" (with the tube) is weighed. The lower stopcock is closed andihe 

4, 1G5. 1891). * upper one opened; moderate suction is applied, and the upper 
stopcock is then dosed. The sample is then drawn into the bulb 
by placing the tapered tip of the lower end just below die surface of the acid, 
and opening the lower stopcock. This is then closed, die tip is quickly wiped, 

9 Foi the titriinetiic assay of acids, the use of a chambei (or bulb) buret is recommended 
Such burets, made to the specifications of the Manufacturing Chemists’ Association of 
United States, are commercially available, both with a 50-nil. bulb and graduated from 
50 to 100 ml., and with a 75-ml. bulb and graduated from 75 to 100 mb These bute 
carry a three-way stopcock. For precision titrimetry, the buret should be encased in a 
water jacket carrying a calibrated thermometer. Further, the buret should be connecico 
by glass or plastic tubing, via the auxiliary stopcock lead, to the reservoir vessel contaiu- 
mg the standard base (or acid), and also, via the top of the buret, to the same resenou 
(thus furnishing a release to air of the same humidity as the solution in the bureq. 
closuie of the reservoir vessel should also be connected, via glass tubing, to a scruuu« 
bottle containing sodium hydroxide solution, which saturates entering air with ' 
and removes CO a . Further, a mercury relief valve from this glass tubing connection 
liev es any expansion of air in the reservoir due to a rise in temperature. 
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and the tube replaced. The increase in weight of the filled device corresponds 
to the sample weight. The pipet is emptied by slowly running out the acid under 
water, followed by thorough rinsing of the bulb chamber by the repeated addition 
of water dirough the upper stopcock with agitation. 

Dely Weighing Tube.— This form of weighing tube, seen in Fig. 22-2, is of spe- 
cial interest for the routine assay of oleums and mixed acids, since it can be placed 
on a balance pan without auxiliary support. Satisfactory dimensions have been 
oiven by Singer. 4 A two-turn planar spiral, of 4-mm. I.D. glass tubing, has 
a total diameter of about 50 mm. and thus, a total internal capacity of about 
3 ml. The spiral is terminated by lengths of 0.9-mm. I.D. capillary tubing, af- 



Fig. 22-2. Dely Weighing Tube, Design and Operation, Alone and with Protective 

Adapter. 


fixed at right angles to the plane of the spiral. The central exit tube is about 
155 mm. long and has a tapered tip B. The other exit tube carries a right angle 
bend C, directed away from the spiral, at a distance of about 30 mm. from the 
plane of the spiral. The end of this tube A may carry a ridge. 

In use, the clean and dry Dely tube is weighed. Suction is applied with a 
rubber suction bulb attached to A, and the required amount of acid is drawn 
dirough tip B. (The satisfactory sample volume is best indicated by a permanent 
mark on the glass tubing.) The Dely tube is inverted, tip B is wiped, and the 
tube and sample weighed. The device is inclined so that the acid runs back into 
the crook C (to a point that may be marked on the tube wall), in order to expel as 
much air as possible from this end. A rubber tube, filled with water and fitted 
with a glass-bead valve, is attached to A; the other end of this tube is connected 
to a bottle containing water. The Dely tube is now inverted, as shown in the 
center illustration of Fig. 22-2, the tip being immersed in 150 to 200 ml. of cold 
water in a 4-in. casserole or a conical flask, depending on which vessel is to be 
used in the subsequent titration. By pressing the bead, water is slowdy admitted to 

4 Singer, M. R„ in The Manufacture of Sulfuric Acid, Duecker, W. W., and West I R 
Eds., Reinhold Publishing Corp., New York, 1959, 419. ’ ’’ 


538 COMMERCIAL ACIDS AND BASES 

the tube, forcing the acid from it. Before expelling the last half-inch of acid 
the rubber tube is disconnected at its attachment to the water bottle and the 
weak acid from the receiver is drawn back two or three in. into the Dely tube by 
suction provided by a rubber bulb. The acid is again almost entirely expelled by 
water from the bottle, and this rinsing procedure is repeated. (This step is man- 
datory to assure complete absorption of sulfur trioxide in die case of fuming sul- 
furic acid.) 

Alatviak 5 6 finds even with careful back-washing some sulfur trioxide may escape 
absorption. He recommends the attachment via a half-section cut from a rubber 
stopper of an adapter consisting of fire-polished glass tubing about 4.5 cm. in 
length and 2 cm. in diameter. As seen in the right illustration of Fig. 22-2, the 
Dely tube with the stopper in place is inverted and inserted quickly into the 
adapter, which is already immersed in the absorbing water in a conical flask. The 
Dely tube is rinsed repeatedly by the passage of water, and the adapter is only 
removed when the air space in it is completely free of mist. 

The Dely tube, after use, is washed first with alcohol and then with ether; it 
may then be dried on ait asbestos mat placed on a hot plate while clean, oil free, 
dry air is passed through it. 

Since the loss of even traces of the acid (especially where an oleum sample. ii 
being transferred) is serious, it may be expedient, in the use of 
die Dely tube, to add a drop or two of phenolphthalein indi- 
cator solution to the water in the reservoir, and also die mini- 
mum amount of a very dilute sodium hydroxide solution re- 
quired to elicit a faint pink color. As long as the water leaving 
the Dely tube is decolorized, acid is still present. 8 

Snake Weighing Tube.— This simple device is easily fashioned 
from a 25-em. length of 8-inm. tubing. As shown in Fig. 223, 
the tube has a double bend, on which it rests. The ends are 
inclined from the plane of the bends to prevent the outflow of 
acid; one end is drawn to capillarity. The acid is taken into the 
clean, dry, weighed tube, by means of suction, through an at- 
tached rubber tube and bulb. The capillary tip is wiped dry 
and the tube and its contents weighed. The acid is run slowly 
through tile tip into 150 ml. of water in a casserole or conical 
Fig 22-3. Snake flask with motion of the lube or the absorbing water to prevent 
Weighing Tube, local overheating. ("Kicking-back” of the acid indicates that the 
bore of the tip is too large.) The tube is then rinsed by repeat- 
edly sucking up the solution from the receiver and expelling, and finally by pas- 
sage of water. 

Bulbs and Ampoules.— Thin-walled, pear- or globe-shaped bulbs with long stems 
blown from G-mm. soft glass tubing, as well as commercial flat-bottom, long up 
ampoules, are useful for weighing fuming acids (and their use is mandatory m 
certain thermometric methods of assay). The stem of the weighed bulb or ampoue 
is inserted through a hole in a small sheet of asbestos or even caidboard, vvhic i 
serves as a heat shield, and gently warmed over a micro flame. The tip is j en 
quickly inserted into the acid well below its surface. When a sufficient sample has 



5 MatviaK, M-, Chemist-Analyst, 42, 44, 1953. 

6 Suggestion, stall. General Chem. Div., Allied Chem. Corp. 
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been thus obtained, the tip is withdrawn, quickly wiped, and sealed over the flame 
(without loss of glass!). The sealed bulb or ampoule is wiped cle,an and dry, and re- 
weiohed. (Where conditions permit, the ampoule may alternatively be filled by a 
pipetting operation.) The filled and sealed ampoule or bulb, after weighing, is 
transferred to the absorbing liquid (water or a sodium hydroxide solution) in a 
thick-walled vessel and is broken by pressure 
from a heavy stirring rod with a flattened 
end or by vigorous agitation (e.g., if a glass- 
stoppered conical flask or bottle is used). 

Other Weighing Devices.— Obviously other 
techniques and devices may be applied to 
the establishment of a weighed sample of 
acid under confined conditions. The use ot 
a weighing buret is sometimes appropriate, 
and the design of Friedman and LaMer, 7 
which is commercially available, is note- 
worthy. For use with fuming acids, such a 
buret may be fitted with a long, thin-bore 
delivery tube, as earlier suggested by Blay 
and Burkhard (Fig. 22-4). The latter is grad- 
uated in half-milliliter divisions from 0 to 20 
ml.; a half-sized apparatus is used for oleum 
where a 2-ml. sample suffices for a deter- 
mination. The delivery tube, E, is placed 
in the tube during the titration; the stopper, 

A, is vented. W. W. Scott suggested replac- 
ing the simple glass stopper of the Blay- 
Burkhard design by a crook-bored stopper 
carrying a capillary tube extension ( A ' in 
Fig. 22-4). The vent to the air is opened or 
closed by a slight turn of this stopper, thus 
providing alignment with a channel. By 
means of this tube, acid may be drawn into 

the buret according to the Lunge-Rey pipet procedure, above, to allow filling from 
die bottom/ thus avoiding any pouring or intermediate transfer of the acid. 

Conventional weighing bottles may often be used with even concentrated non- 
furmng acids, by the expedient of placing the weighing bottle and its loosened 
stopper with the acid sample well under the surface of the absorbing water (or 
base). & ' 
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Fic. 22-4. Blay-Burkhard Graduated 
Weighing Buret and Scott’s Modifica- 
tion. 


SULFURIC ACID 

Sulfuric acid, H 2 S0 4 , made by the contact process, is relatively pure and mav 

be obtained in any required strength from dilute solutions to oleums (“fuming” 

acid). 1 he principal strengths offered in the United States include 60° Baume 

Heavy (77.67% H 2 S0 4 ),s 66° Baume, Heavy (93.19% H 2 S0 4 , Oil of Vitriol), and 

‘ Friedman, H. B„ and LaMer, V. K., Ind. Eng. Chem., Anal. Ed., 2, 54 1930 

COoZ'ZZ 6 °\ BaUmd ’ Hea 7 add actuall >' shipped in winter months' may be 59 8- 
ou - u uaume. Heavy, to prevent ns freezing. ' c 
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97% H 2 S0 4 . (Oleum and "mixed acid” are considered in later sections of this 
chapter.) Dilute sulfuric acid solutions ranging in strength from 27.88% t 0 
93.19% H 2 S0 4 (sp. gr. 1.205 to 1.835) are available, to some extent on a custom 
basis, for use as battery electrolytes. In National Formulaiy X, sulfuric acid (94- 
95% Hj,S 0 4 ) and dilute sulfuric acid (9.5 to 10,5 g. of H 2 S0 4 per 100 ml.) had 
official drug status in the United States, but these entries were deleted from AV 
tional Formulary XI. Reagent grade sulfuric acid, meeting American Chemical 
Society specifications, has a strength of 95.0-98.0% H.,S0 4 ; the typical product 
marketed lias a strength of 96.0% H 2 S0 4 (sp. gr. 1.81). Some composition data 
for sulfuric acid are given in the tables on pp. 613 through 616, For further and 
more extensive physico-chemical data, the monograph of Duccker and West 
should be consulted. 0 


SULFURIC ACID CONTENT 

Sulfuric Acid Content by Specific Gravity.— The specific gravity of sulfuric acid 
increases with its concentration up to a maximum of 1.8-139 at 97.50% H 2 S0 4 ; 
above this concentration the specific gravity decreases to a value of 1.8391 at 100.0% 
H 2 S0 4 . However, the change in specific gravity with increasing composition is 
not very marked above 93.19% (corresponding to sp gr. 1.8354), and, hence, 
hydrometer measurements arc not recommended above this value. Specific gravity- 
concentration tables for sulfuric acid appear on pp. 613 through 616. For internal 
plant control of sulfuric acid in the range 93-100% HgS0 4 , a dilution and a hy- 
drometer measurement is often performed ("Dilution Test"). Usually die sample 
of strong acid is diluted, under good cooling, with an equal quantity of water. 
From the specific gravity of the resulting dilute solution, the acid content oi the 
original acid can be estimated from composition tables. 

Suf/uric Acid Content by A Ikaliinetric Titration. Procedure.— By means of a 
suitable technique (see "Weighing of Volatile, Fuming, and Concentrated Acids,” 
above) weigh a sample of H 2 S0 4 (equivalent to 1.0 to 4.7 g. of 100% H 2 S0 4 if a 
chamber buret is used, and hence, the volume of I N NaOH consumed will be in 
the range 80 to 95 ml) and transfer to a 110-nun. diameter (#4) porcelain cas- 
serole, containing 150 ml. of freshly boiled and cooled (CO-rfree) water. Add l 
ml. of 1% phenolphlhalcin solution, and titrate to a permanent faint pink color 
with C0 2 -free 1 N NaOH. which has been standardized to the phenolphthalein 
end point, and which, before the titration, has been brought to constant tempera- 
ture. Allow the (chamber) buret to drain and read the volume of NaOH delivered 
Note tlie temperature of the NaOH solution, and add a correction of 0.00032 ml 
per milliliter of 1 N NaOH added for each degree Centigrade below its standard- 
ization temperature; or subtract the correction for each degree above. 

Remarks.— The use of a chamber buret is described in footnote 3, p. 536. Some 
workers, especially for rapid, routine analysis, prefer to dilute an appropriate sam 
pie of the acid to known volume (usually 1000 ml.) with COo-free water, and to 
use 100 ml. (taken with a pipet or volumetric ilask calibrated ‘‘to deliver ) or 
the titration of the total acidity, and further aliquots for other required deternn 
nations (e.g., see the remarks on p. 535). In such a procedure 0.3333 . . ■ N NaOH 
is useful (temperature correction, 0.00025 ml. per milliliter of base per degree 

“Duccker, W, W., and West. J R., eds.. The Mamifacime of Sulfuric Acid, Reinhold 
Publishing Corp., New York. 1959, especially pp. 434-471. 
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Centigrade). Methyl orange or methyl red may be preferred as the indicator, and 
both indicators may be used in sequence, i.e., titrating to the orange-yellow of 
methyl orange, then adding methyl red, and titrating dropwise to a sharp end 
point marked by a color change of red to canary yellow. Where these indicators 
are used, the possible need for a correction for the carbonate content of the base 
should be noted. Some workers prefer bromphenol blue as the indicator. If 
phenolphthalein is used, any sulfur dioxide present is titrated as a dibasic acid; 
the calculation factors usually given are based on this assumption. With highly col- 
ored samples (“black” acid), 5 ml. of phenolphthalein indicator may be added, and 
the end point color change observed in the foam above the vigorously agitated 
solution. A more expeditious and generally applicable approach is the use of a 
potentiometric end point employing a pH-meter and titrating to the pH of the 
end point in the standardization process for the base. Where the acid contains 
significant amounts of volatile acids or nitrogen oxides, they may be removed by 
partial evaporation of the sample (see determination of sulfuric acid in mixed 
acid, p. 555), or a correction should be applied following the determination of the 
acidic impurities (see below under “Calculations”). 

Calculations. 


% Total Acidity as H0SO4 

(milliliters of NaOH) X (normality of NaOH'l X 0.049039 X 100 
sample weight in grams 

where the volume of NaOH is corrected for temperature. 

If the sample contains a significant amount of other acids, a correction may be 
applied following their separate determination. For example, 


% H 2 S0 4 = % Total Acidity as H,SO., - (%HN0 3 X 0.7782) - (%HCI X 1.345). 


Other Methods for Determining the Sulfuric Acid Content .— Fialko and Kos- 
tromitin described the application of conductivity measurements for the determi- 
nation of sulfuric acid. 10 Singer has given cell specifications and a wiring diagram 
for the application of this method to 97.5 to 99.7% HoS0 4 . lx However, strict 
control of temperature and calibration is necessary, and variations in impurities 
introduce significant errors. The method appears more useful for in-plant con- 
trol. Zimmerman and Brandt and Langmyhr and Skaar 12 have described spectro- 
photometric methods for the determination, respectively, of 85 to 99% and 80 to 
99.5% H 2 S0 4 employing quinalizarin and l,l'-dianthrimide as the chromo°-enic 
agents. & 

For sulfuric acid of 95.5-100.0% strength, thermometric methods of assay are 
applicable (see further under “Oleum,” p. 554). 


1953 Flalk °’ G ' and Kostromitin, L. A., Zavodskaya Lab., 16, 1268, 1950; C. A., 47, 3188, 

11 Singer, M. R., in Manufacture of Sulfuric Acid, Duecker, IV. W and West 1 R 
eds., Reinhold Publishing Corp., New York, 1959, 424-425. ’ J ’ 

^Zimmerman, E„ and Brandt, W. W., Talanta, 1, 374, 1958; Langmyhr, F T and 
Skaar, 0. B„ Anal. Chim. Acta, 23, 28. 1960. ° } J ” and 
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DETERMINATION OF RESIDUE ON IGNITION FOR 
SULFURIC ACID 

The determination of die residue on ignition (that is, on heating) is routinely 
conducted in the analysis of sulfuric acid of all grades. The residue is largely 
iron(lll) oxide. Crude acid, especially chamber acid, may present considerable 
residue, including substances entering from the sulfur ore. 

Procedure.— Weigh 50 to 100 ml. of the H 2 S0 4 into a tared platinum or silica 
dish. In a hood, evaporate to dryness by gentle heating, and then ignite to a red 
heat for about 5 min. When no more fumes evolve, allow the dish to cool and 
re-weigh it. The difference between the final weight and the tare weight corre- 
sponds to the weight of the residue. 

Calculation. 


% _ . , T • • [(final dish weight) — (tare dish weight)] X 100 

Residue on Ignition = 2 : — 2 — — 

sample weight 

DETERMINATION OF HYDROCHLORIC ACID IN 
SULFURIC ACID 

Where die sulfuric acid contains only small amounts of hydrochloric acid, the 
estimation of the latter may be based on the matching of the turbidity produced in 
the sample by the addition of silver nitrate with that produced in a blank con- 
taining a known amount of sodium chloride. Large amounts of hydrochloric 
acid may be determined by dilution of the acid to about 20% and application of 
a conventional Volhard titration (see Vol. I, p. 329). 

Turbidimetric Determination of Small Amounts of Hydrochloric Acid . Pro- 
cedure.—Into 50 ml. of (chloride-free) water, pour a sample of H 2 S0 4 containing 
0.0001 to 0.001 g. of HC1, while cooling in a told water bath. When the solution 
has cooled to room temperature, transfer to a 100-ml. low- form Ncssler tube, and 
dilute to about 90 ml. Prepare a blank by adding to 50 ml. of the water an equiv- 
alent amount of c/ifoncfe-free (reagent grade) H.S0 4 . Cool and transfer to a sec- 
ond Nessler tube and dilute to about 90 ml. To each tube add 5.0 ml. of 1% 
AgNOj solution, and gently mix the contents of each with a ring stirrer. (Avoid 
vigorous stirring which will lead to coagulation and reduction in turbidity, and 
hence low results.) From a buret add a standard NaCl solution (0.1603 g. reagent 
grade NaCl dissolved and diluted to 1000 ml. with cldoride-free water) until the 
turbidity almost matches that of die sample. Dilute the contents of both tubes to 
100 ml. with water, and continue die addition of NaCl to the blank until the 
turbidities match closely when observed against a black background with lateral il- 
lumination. 

Calculation. 

°/ HC1 = ( m *^* ters of NaCl solution) X 0.00010 X 100 
sample weight in grams 

Remarks.— Some workers prefer to carry out a preliminary determination and 
then to use freshly prepared standards and sample for the actual determination. 
Alternatively, the result may be expressed as percentage of chloride. 
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DETERMINATION OF HYDROFLUORIC ACID IN 
SULFURIC ACID 

Traces of hydrofluoric add in sulfuric acid may be determined by the method of 
Williard and Winter, a double distillation approach being preferred. (See Vol. I, 
pp. 432-433.) 

DETERMINATION OF NITRIC ACID IN SULFURIC ACID 

The approach adopted for the determination of nitric acid in sulfuric acid, 
which at the trace level is often termed the “determination of nitrogen compounds,” 
depends on the level encountered in the sample and grade. In the case of “mixed 
acid” containing substantial amounts of nitric acid, a titration with iron(II) sul- 
fate to the appearance of the brown-colored iron-nitroso complex is feasible. 13 
Trace amounts of nitric acid may be determined colorimetrically via formation of 
this same complex, or with brucine as the chromogenic agent. 

Titrimetric Iron(II) Sulfate Method for Nitric Acid in Sulfuric Acid .— This 
method is based on the reduction of nitrate (whether “bound” or “free”) in a 
concentrated sulfuric acid medium with iron(II) to form nitrososulfuric acid: 

HN0 3 + 2 FeSO.i + 2 H 0 SO 4 -> NOHSOf + Fe^SCLL + 2HoO 

When the first excess of iron(II) is added, the brown-colored iron-nitroso complex 
forms and signals the end point. It is operationally desirable that the nitrate 
concentration in the titration medium be similar to that taken for the standardiza- 
tion of the iron(II) sulfate reagent; this requires a preliminary titration with the 
sample, depending on its nitrate content, taken either as is or diluted. The 
iron(II) sulfate reagent is standardized by the titration of known amounts of 
nitric acid. 

Procedure.— Perform a scaled-down titration after the second and third para- 
graphs of tills procedure, with the HmS 0 4 sample, thus determining the milliliters 
of standardized FeS0 4 solution equivalent to 1 ml. of it. This requires 2 to 3 min. 
Now dilute a weighed portion of the sample with (nitrate-free) water so that each 
10 ml. contains from 0.1 g. to 0.8 g. of HN0 3 , and preferably 0.4 g. For example, 
suppose 1 ml. of PL,S0 4 sample requires 43.8 ml. of FeS0 4 solution; then 10 ml., 
which is the amount to be taken in the final titration, would require 438 ml. 
How'ever, consumption of only 20 ml. of FeS0 4 solution is desired in that titration. 
Hence the sample should be diluted 20:438, and conveniently 23 ml. can be diluted 
to 500 ml. Thus 23 ml. of sample are weighed, transferred quantitatively to a 
500-ml. volumetric flask, and diluted to mark with water. 

Place a 250-ml. beaker containing 100 ml. of concentrated, nitrate-free (reagent 
grade) H 2 S0 4 (93%-f) in a deep vessel containing cold water. From a pipet, accu- 
rately calibrated to contain exactly 10 ml., deliver 10.0 ml. of the appropriately 
diluted H 2 S0 4 sample (see above) keeping the delivery tip below the H.,S0 4 sur- 
face and in constant circular motion near the beaker sides in order to avoid local 
heating. 

Now add FeS0 4 solution (see below) from a buret in a fine stream until the 
yellow color that first forms takes on a faint brownish tinge i.e., becomes a dirty 
yellow. Now rinse the pipet by sucking up the mixture and draining it back into 

13 Bowman, F. C., and Scott, W. W„ J. Ind. Eng. Chem., 7, 766, 1915. 
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the beaker. Complete the titration by adding tire FcS0 4 solution dropwise until 
the yellow-brown color reappears. (A drop in excess produces an appreciable 
darkening of the solution; large excess, a brown-red color; small amounts of HNO a 
may yield only a red color.) 

Preparation and Standardization of Jron(ll) Sulfate Solution.— Dissolve 176.5 g. 
reagent grade FcS0 4 *7H 2 0 in about 400 ml. of water. Add about 500 ml. of 
H 2 S0 4 (60%) i.e., 1 volume reagent grade H 2 S0 4 (96%) with 0.6 volume of water, 
with constant stirring. Dilute the cooled solution to exactly 1000 ml. with water. 
One ml. of this solution will be equivalent to about 0.02 g. HN0 3 . Determine die 
exact value by running 10.0 ml. of a solution containing -iO.O g. HNO a per 1000 
ml. of solution into 100 ml. of nitrate-free H.,S0 4 (95.2%) and proceeding with the 
FeS0 4 titration after the third paragraph of the above procedure. The grams of 
HNO a equivalent to 1 ml. of FeS0 4 solution = (milliliters HNO a solution taken) 
X {% (w/ u ) °f HNO in solution) ~ [(milliliters of FeS0 4 solution required) — 0.2 
ml.]. (The 0.2 ml. correction corresponds empirically to the amount of FeS0 4 
required to produce the desired color reaction in 100 ml. of the H 2 S0 4 medium.) 

Calculation.— For the sample, the percentage of HN0 3 is given by: 

HNO (milliliters of FeSQ4 solution required — 0.2) X F X 100 

/0 (fraction of total sample used in titration) X (sample weight in grams) 

where F is the grams of HNO, equivalent to 1 ml. of the FeS0 4 solution. 

Remarks.— Samples known to contain over 10% HNO, (mixed acid) should be 
diluted appropriately with reagent grade H 2 S0 4 to a definite volume and a 10 ml. 
aliquot taken in die above procedure. Bowman and Scott 13 established the cor- 
rection as 0.2 ml. by experiment. The existence of this correction has been con- 
firmed. 14 The H 2 S0 4 concentration is the major factor affecting its value; by per- 
forming the titration in an 86 to 91% H.jS 0 4 medium at a temperature not above 
10 8 C., the blank becomes negligible. By substitution in the procedure of a 
potentiometric end point with a platinum-tungsten electrode pair, die correction 
is obviated, and the titration of colored samples is also facilitated. 14 

Colorimetric Iron-Nilro Method for Nitric Acid in Sulfuric Acid .— A procedure 
for the estimation of small amounts of nitric acid (and associated nitrogen com- 
pounds) in sulfuric acid may be based on the color developed on addition of iion(II) 
sulfate. The method is preferred by many workers over a diphenylamine pro- 
cedure (see Vol. 1, p. 748). better selectivity being claimed. 

Procedure.— Into each of two 100-mi., tall form Nessler tubes, add 50-60 ml- 
(nitrate-free) reagent grade H 2 S0 4 and 5 ml. of a 10% aqueous FeS0 4 solution. 
Mix each solution with a glass plunger and cool to 10° to 15°C. in all iced water 
bath. To one tube add by a pipet 10 to 25 ml. of cooled H 2 S0 4 sample (depending 
on the expected HNO a content): dilute to 100 ml. with cooled reagent grade 
H 2 S0 4 , and mix. To the second tube add dropwise (preferably from a micro buret) 
a standard KN0 3 solution (1 ml. equivalent to 0.0001 gram of HNO a ) until the 
solution color is close to that of the first tube, and dilute to 100 ml. with cooled 
reagent grade H 2 S0 4 and mix. Now add more KNO a dropwise, and with mixing, 
until the color developed matches that of die sample tube as viewed against a white 
background illuminated by diffuse light. 

J* Johnson, C. L., Anal Chem . 25, 127G, 1953; McKinney. C. D., Jr., Rogers, W. H, 
McNnbb, W. M., Anal. Chem., 19, 1041, 1947, 
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Calculation.— The percentage of HNO.,, or of nitrogen compounds expressed 
as HN0 3 , is calculated from the milliliters of KNO s solution added, expressed as 
HNO 3 , and the sample weight, which is calculated from the volume and density of 
the sample. 

Remarks.— The procedure is applicable only where selenium is essentially ab- 
sent. The final solution should contain 0.0005 to 0.005 g. of HNO ;t , and be 90 to 
100% in H o S0.(. This latter condition should be considered in the analysis of 
weaker concentrations of sulfuric acid. The method can be adopted for use with 
a filter photometer with the use of a filter transmitting in the region 525 m/r; the 
result is read from a standard curve . 15 

Photometric Brucine Method for Trace Nitric Acid in Sulfuric Acid.— The yellow 
color produced by brucine in a sulfuric acid solution with nitrate (or nitrite) per- 
mits the photometric determination of nitric acid in sulfuric acid . 10 

Procedure for 93-99% H 2 S0 4 .— To 9.0 ml. of demineralized water (passed 
through a mixed bed of ion exchange resin) in a 125-ml. conical flask, add 1.0 ml. 
of brucine sulfate solution containing 0.60 g. per 100 ml. of water (the solution 
is stable for at least one week; brucine is quite toxic). Now add rapidly, and with 
vigorous swirling, 20.0 ml. of the H 2 S0 4 sample (93-99% H 2 S0 4 ). Allow to stand 
exactly 1 min., and cool in a water bath for 2 min. 

Transfer the solution to a cuvet. Fill a similar cell with a cooled mixture of 
10.0 ml. of water and 20.0 ml. of the H 2 S0 4 sample (93-99%); this serves as the 
blank. Measure the absorbance in a filter photometer using a blue filter. The 
nitric acid content of the sample can be read from an appropriate standard curve 
prepared with H 2 S0 4 of a concentration similar to that of the sample by addition 
of known amounts of KNO ;i . 

Modified Procedure for 78% H 2 S0 4 .— Pipet 1.0 ml. or the brucine sulfate solu- 
tion into a 125-ml. conical flask, and add 9.0 ml. of reagent grade PI 2 S0 4 . Now 
add 20.0 ml. of the H.,S0 4 sample (78%) rapidly and with vigorous swirling. Heat 
until the temperature definitely reaches 118° but does not exceed 120°C. Then 
cool in a water bath for 2 min. Transfer the solution to a cuvet. Fill a second 
cell with a cooled mixture of 1.0 ml. of demineralized water, 9.0 ml. of reagent 
grade H 2 S0 4 , and 20.0 ml. of the H 2 S0 4 sample (78%). Proceed with the photo- 
metric measurement as given above. Determine the HNO a content of the reagent 
grade sulfuric acid employed by the “Procedure for 93-99% H.,S0 4 ,” above, and 
correct the result appropriately for the 9 ml. used. 

Remarks.— Nitrite (nitrosylsulfuric acid) yields about one-third the absorbance 
of nitrate in the brucine procedure. Nitrite may be removed by treatment of the 
H 2 S 0 4 sample with sodium azide, sulfamic acid, or urea. Chlorate, hypochlorite 
and persulfate interfere, yielding yellow or red colors. Titanium reacts with 
brucine to form a pink color, and perchlorate is precipitated by this reagent. 

DETERMINATION OF SULFUROUS ACID (SULFUR DIOXIDE) 

IN SULFURIC ACID 

Sulfur dioxide may be estimated in sulfuric acid by an iodimetric procedure. 

Procedure.— To 300 ml. of cold water add a sample of the sulfuric acid contain- 
ing 0.001 to 0.05 g. of S0 2 . Add some starch indicator and titrate with standard 

13 Swann, M. H„ and Adams, M. L„ Anal. Chern., 28, 1630, 1956. 

16 Based on a procedure of General Chem. Div., Allied Chem. Corp.; see also Boltz, D F 
UBonmetric Determination of Nonmetals, Interscience Publishers, Inc., New York’ 195s’ 
I'M— I and 151-2. ’ ’ 
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0.1 N iodine to the first permanent blue color. Where large amounts of SO are 
present, add almost the required amount of iodine to the water before die sample. 

Calculations. 

M (milliliters of iodine) X (normality of iodine) X 0.03203 X 100 

/o SOj — j . , . ■ — — 

sample weight in grams 

For the percentage of HgSCk,, die factor is 0.04104. 

Remarks.— Where the procedure is applied to a high-strength oleum (about 
40% free S0 3 or greater), the weighed sample should be mixed with 2.5 to 3 times 
its own volume of reagent grade H L ,S0 4 before the addition to water; a blank for 
this H 2 $0 4 is determined separately and deducted. 

DETERMINATION OF ARSENIC IN SULFURIC ACID 

The determination of traces of arsenic in sulfuric acid (less than 0.005%) is usu- 
ally accomplished by the Gutzeit method, a preliminary distillation being recom- 
mended where the arsenic content is less than 0.00005%. Large amounts of arsenic 
may be determined iodimclrically. 

Iodimetric Determination of Arsenic in Sulfuric Acid .— Where die arsenic con- 
tent of the sulfuric acid sample is greater than about 0.05%, reduction and direct 
titration with iodine solution is feasible. The procedure is given in Vol. I, p. 108. 
Wheie antimony is present in substantial amounts, arsenic must be previously sepa- 
rated by distillation as AsCJ 3 (sec Vol. I, pp. 108 and 110). 

Trace Arsenic in Sulfuric Acid by the Gutzeit and Silver Dietliyldithiocarbamale 
Methods .— The Gutzeit method has long been applied to die determination of 
trace arsenic in sulfuric acid. The general procedure given in Vol. I, pp. 118-124, 
is directly applicable, with the special considerations noted on p. 122. In die use 
of the Gutzeit method for die purity grades of sulfuric acid, it is desirable to con- 
sult the information on this method ghen in Official Methods of A. O. A. C., Re- 
agent Chemicals, and the U. S. Pharmacopeia. Precision and accuracy can only 
be secured in diis method by maintaining as closely identical conditions as possible 
for each unknown, standard, and blank. The silver diethyldithiocarbamate photo- 
metric finish 17 to the (Gutzeit) evolution of arsine is promising as the sensitivity is 
high, and the standard curve is reproducible from run to run. (See Vol. I, pp- 
135-137.) 

DETERMINATION OF ANTIMONY IN SULFURIC ACID 

If antimony is present in significant amounts it must be separated from arsenic 
as a preliminary step to the Gutzeit determination of arsenic (see Vol. I, pp- 118- 
1 19). The antimony remains in the still, and may subsequently be evolved by add- 
ing zinc dissolved in concentrated hydrochloric acid. The antimony in the dis- 
tillate is then determined by a modified Gutzeit method (see Vol. I, pp- 102-105). 
However, doubt has been cast as to whether satisfactory recoveries are obtained in 
the evolution of under 10 ng. of antimony. 18 

irVasdk, V., and Sednec, V., Chem. list), 46, 341, 1952; Collection Czechoslovak Chem. 
Coinmuns., 18, 64, 1953; see also Dubois, L., and Monhman, 1. L., Am. Ind. Hygiene Assoc. 

J , 22, 292, 1961. . 

18 See literature cited, Sandell, E. 15., Colorimetric Determination of Traces of Metals, 
Inteisdence Publishers, Inc., New Yotk, 3rd Ed., 1959, 257. 
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DETERMINATION OF SELENIUM IN SULFURIC ACID 

Laro'e amounts of selenium are seldom encountered in sulfuric acid in the con- 
temporary period (if they were present, they could be reduced and weighed as ele- 
mental selenium). Formerly trace selenium was determined turbidimetrically; how- 
ever, the method has poor sensitivity and reproducibility. The introduction of the 
highly selective chromogenic agent 3,3'-diaminobenzicline has now afforded a highly 
satisfactory photometric procedure for selenium in sulfuric acid. 19 

Photometric Determination of Selenium.— In a 100-ml. glass-stoppered, borosili- 
cate conical flask, dilute and neutralize the weighed H 2 S0 4 (1 g. of concentrated 
H.,S0 4 or an equivalent amount of other sulfate-containing sample) with 5 M 
NaOH. Add 30 ml. of 20% NH 4 C1 solution and dilute with water to 50 ml. Add 
2 ml. of 2.5 M formic acid, and then 2 ml. of a 0.5% solution of 3,3'-diamino- 
benzicline (prepare this solution every few days and store in a refrigerator). If 
necessary, add further formic acid to adjust to pH 2 to 3. Allow the solution to 
stand 3 to 4 hrs. at room temperature, adjust to pH 6 to 7 with 7 M aqueous NH 3 
(about 0.5 to 0.6 ml.). Add exactly 10 ml. of toluene, and shake vigorously for 30 
sec. Separate the organic phase after a few minutes, and measure the absorbance 
at 420 m/t against a reagent blank prepared by employing selenium-free sulfuric 
acid in place of the acid sample. Calculate the selenium content from a calibration 
curve prepared by carrying known amounts of selenium through the procedure. 
Beer’s law is obeyed at least in the region 5 to 25 ng. of selenium per gram of sul- 
furic acid. For samples extremely low in selenium, a larger sample may be taken, 
but a new calibration curve should be prepared since the sulfate concentration in- 
fluences the color development. 

Remarks.— At the low level, if high blanks are encountered, the trace selenium 
content of the toluene should be checked; further, it should be appreciated that 
some glass may contain sufficient selenium so that an erroneous result may be ob- 
tained. 


DETERMINATION OF LEAD IN SULFURIC ACID 


Large amounts of lead, which may enter sulfuric acid through contamination, 
may be determined gravimetrically as lead sulfate or lead chromate. Lead in trace 
amounts (0.005% or less) is determined photometrically, usually by a dithizone 
procedure. 

Gravii7ietric Determination of Lead Contamination in Sulfuric Acid .— The two 
common approaches to the determination of large amounts of lead in sulfuric acid 
follow classical procedures and need only brief description. 

Lead Sulfate Procedure.— Dilute the weighed H 2 S0 4 sample (93%+) with an 
equal volume of water. Add to the cooled solution double its volume of ethanol. 
Allow to stand 2 hr. or more. Separate the PbS0 4 precipitate on a tarecl Gooch 
crucible, wash with ethanol, dry, ignite to a dull red heat, and reweigh. Express 
die gain in weight as percentage of lead in the original sample. (See also Vol. I, 
p. 560.) 

Lead Chromate Procedure.— Ignite the weighed H 2 S0 4 sample and extract the 
residue with ammonium acetate solution. Make the extract acidic with acetic 
•■•cid, and precipitate PbCr0 4 by addition of a slight excess of K 2 Cr 2 0 T solution. 


l7^ D ,n n A uka ’ T - and Ueno - K - Anal. Chem., 30, 1370, 1958; 
. tJo6; Cheng, K. L., Chemist-Analyst, 45, 67, 1956. 


Cheng, K. L„ ibid., 28, 
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Dry and weigh the separated precipitate, and express the result as percentage 0 [ 
lead in the original sample. (Sec also Vol. I, p. 562.) 

Photometric Determination of Traces of Lead in Sulfuric Acid .— A conventional 
dithizone procedure is usually applied to the determination of small amounts of 
lead in sulfuric acid (see Vol. I, pp. 569-572 and 610-612). Often a volume of the 
(concentrated) sulfuric acid sample containing 10 to 70 /*g. of lead is pipetted into 
50 ml. of water and the resulting solution (or an aliquot) is used in the dithizone 
procedure. For a high purity acid or an oleum, a sufficiently large sample to pro- 
vide a similar amount of lead is fumed to a volume of about 5 ml. (this also re- 
moves excessive amounts of sulfate); after cooling, the concentrate is added slowly 
and with continual Stirling to 50 ml. of water. Highly colored (black) acid or 
oleum should be reduced initially to fumes with the addition of crystals of potas- 
sium nitrate until the color is discharged. If lead sulfate precipitates on the direct 
dilution of a sulfuric acid, a smaller sample or a further dilution should be em- 
ployed, or an initial fuming step. 


DETERMINATION OF "HEAVY METALS" IN SULFURIC ACID 

In the manufacture of high purity grades and pharmaceutical grade mineral 
acids (bases, and salts), a so-called "heavy metals” method has long been applied, 
cither as a limit test, or a turbidimctric determination. In Lhc usual meaning, die 
term "heavy metals" here denotes the precipitation of the metals of the hydrogen 
sulfide group under specified conditions (now often acetate medium, pH 3 to 4) 
and expression of the result in terms of the equivalent amount of lead that gives 
the same result in the test or determination. 

Procedure. 20 — Weigh an appiopriate sample (20 g.) of H 2 S0 4 (or other mineral 
acid) containing 0.01 to 0.05 mg. of "heavy metals” into a dish or beaker. Add 
10 mg. of anhydrous Na a C0 3 dissolved in a little water, and evaporate almost to 
dryness. Then add 1 ml. of concentrated HNO a and evaporate to diyness. Take 
up the residue in 20 ml. of metal-free water, add 1 drop of phenolphthalem indi- 
cator solution and neutralize with 1 N NaOH. Add 1 ml. of 1 N acetic acid and 
10 ml. of freshly saturated H 2 S water, and dilute to 40 ml. with water. Compare 
the color developed with that of standards containing 0 to 0.05 mg. of lead (as 
the nitrate salt) and die same quantities of reagents as the sample residue. As a 
photometric procedure compare the unknowns and standards against water using 
a blue filter. Express the result as 


% Heavy Metals as Lead 


(milligrams of Pb in standard matching the sample) X OAO 
sample weight in grams 


Remarks.— Various heavy metals tests and determinations have been described 
employing, for example, sulfide precipitation from an ammoniacal tartrate medium 
or an extraction (with dithizone). Possibly the results of such methods should be so 
designated so as to differentiate them from the classical "heavy metals” procedures. 
With process liquors containing large amounts of inert salts, it may be necessary 
to add a similar concentration of salts to the standards to obtain meaningfu 
results. Further, in the general concept of the test, where the color shade (uot 
intensity) developed by the unknown departs markedly from that of the lea 

20 For modification of this procedure for diverse substances and solutions, see entries, 
U. S. Pharmacopeia and Aineiican Chemical Society, Reagent Chemicals— 1960, w 
ington, D. C., 1961, 
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standards, it is appropriate to employ standards based on addition of lead to a 
solution of the sample. 

DETERMINATION OF IRON IN SULFURIC ACID 

Iron in large amounts in sulfuric acid (i.e., 0.02% or more) is usually determined 
via classical separation as iron(III) hydroxide, re-solution in hydrochloric acid, 
reduction with tin(II) chloride, and titration with potassium dichromate to the 
diphenylamine or barium diphenylaminesulfonate end point (see Vol. I, pp. 542- 
544). If antimony or arsenic is present in substantial amounts, they are removed 
by a prior acid sulfide separation. Trace amounts of iron are determined by a 
colorimetric thiocyanate procedure. 

Determination of Trace Iron in Sulfuric Acid .— The classical thiocyanate colori- 
metric method for iron(III) is commonly employed (see Vol. I, p. 552). Visual 
comparison or a filter photometer may be applied, depending on the sensitivity 
required. 

Visual Comparison Procedure.— Add a weighed H 2 S0 4 sample (about 5 g.) to 
10 ml. of water in a small beaker. (If any iron or iron-containing dust is in sus- 
pension, heat to dissolve it.) Pour the cooled solution into a 100-ml. Nessler tube 
with water-rinses. Add 0.1 N KMn0 4 dropwise to the appearance of a faint red 
color, and then 10 ml. of a 10% aqueous NH 4 SCN solution. Mix and dilute to 
100 ml. with water. To prepare the standard, treat 5 ml. of iron-free H 2 S0 4 in 
the same manner as the sample, in a second Nessler tube. Then, while agitating 
with a glass plunger, add a standard iron solution until the color matches that of 
the sample tube. (If the iron standard contains 0.00005 g. of iron per milliliter, 
each milliliter of it will represent 0.001% iron in the final solution.) 

Remarks.— Some workers prefer to add initially 10.00 ml. of H 2 S0 4 to 30 ml. of 
water in a 150-ml. beaker. Then 10 ml. of concentrated HC1 are added, and the 
solution is boiled for 3 min. to ensure complete solution of any iron-containing 
dust. After cooling, the solution is diluted exactly to 250 ml. Aliquots of this 
solution are then taken for the visual comparison procedure. The addition of 
HC1 alters the color of the complex formed from red-brown to red, which may be 
easier to match. 

Photometric Procedure.— Transfer an appropriate H 2 S0 4 sample (2 to 5 ml. of 
93%-f or equivalent weight) to a 100-ml. volumetric flask containing about 50 ml. 
of water; cool to room temperature, add 0.1 A T KMn0 4 dropwise to the appearance 
of a faint pink color, and 20 ml. of an aqueous NH 4 SCN solution (149 g. per 
liter), and dilute to mark with water. Prepare a reagent blank making the same 
addition of reagents but substituting iron-free H 2 S0 4 . Within 5 min. of the final 
mixing, measure the absorbance of the sample against the reagent blank, preferably 
with the use of a blue filter (425 myx), or with a green filter (525 m^t). Read the 
result from a standard curve obtained by the use of standard solutions prepared 
m the manner of the sample but substituting iron-free sulfuric acid of similar 
concentration, and adding 0.0, 1.0, 3.0, 5.0, and 10.0 ml. of a standard Fe o (S0 4 ) 3 
solution (1 ml. = 0.000025 g. of iron). 

Remarks.— The absorbance deviates from Beer’s law, and hence, the standard 
solutions should closely simulate the sample preparation, especially in the NH 4 SCN 
concentration, and approximately in H 2 S0 4 content. If organic matter is present 
in the sample that is not decolorized by the gentle KMn0 4 treatment, treat the 
sample successively with the following reagents, and fume or evaporate between 
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each addition: HNO g ; HN0 3 -KC10 3 ; water; I : I HC1; and 1 : 1 H 2 S0 4 . Heat the 
final H 2 S0 4 solution to expel HC1, cool, and employ it in the procedure. For 
extremely small amounts of iron, a spectrophotometric procedure should be sub- 
stituted with the absorbance measured at about 485 m/t; however, a 1,10 phe- 
nanthroline procedure may be preferred, as Beer’s law is followed more closely 
(See Vol. I, p. 553.) 

Some workers prefer tliioq'anate procedures for routine use, employing KSCN 
rather than NH 4 SCN, and sometimes secure increased sensitivity by the addition 
of an organic solvent. (See Vol. I, pp. 552-3.) 20n 

As dust (especially fly ash) contains substantial amounts of iron, it is imperathe 
that all glassware be carefully cleaned and protected from dust, and that the origi- 
nal plant sampling of the acid be conducted under (lust-free conditions; otherwise, 
the analytical result may not be representative of the manufactured acid. 

DETERMINATION OF ZINC IN SULFURIC ACID 

Large amounts of zinc in sulfuric acid may be determined gvavimetrically as 
zinc oxide. Additional approaches include a precipitation titration with ferro- 
cyanide (see Vol. I, pp. 1 233-1239) and a chelometric titration with EDTA, !l 
Small amounts of zinc are determined turbidimetrically as zinc ferrocyanide. 

Gravimetric Determination of Large Amounts of Zinc in Sulfuric Acid ,— Large 
amounts of zinc may be determined by the acid sulfide separation of copper, lead, 
etc,, followed by precipitation of zinc sulfide from ammoniacal medium, ignition of 
the washed precipitate, then weighing as zinc oxide. 

Procedure.— In a platinum or silica dish, fume 200 g. of the H 2 SQ 4 sample (or 
other appropriate weight) to a volume of 2 to 5 ml. Add some water, neutralized 
with aqueous NH 3 , and add sufficient dilute H 2 S0 4 to make 0.2 to 0.5 (V in free 
acid. Pass gaseous H 2 S, and separate the sulfide precipitate by filtration (test for 
complete precipitation in the filtrate). Separate iron from the filtrate as iron(III) 
oxide by oxidation with bromine and addition of NH 3 and NH 4 C1. Precipitate 
ZnS from the resulting filtrate made acid with formic acid by tire passage of H 2 S. 
Separate the precipitate in a tared Gooch crucible, wash, ignite to ZnO, and weigh. 
Express the increase in weight as percentage of Zu in die original sample. 

Remarks.— For additional information on this method see Vol. I, p. 1231. The 
heavy metal separation can probably be made "cleaner" by the use of thioaceta- 
mide. 22 

Turbidimetric Ferrocyanide Determination of Traces of Zinc in Sulfuric Acid.-* 
The usual procedure involves a visual comparison of the turbidity developed with 
ferrocyanide. 

Procedure.— In a silica dish, evaporate an appropriate H 2 S0 4 sample (25 to 50 
ml.) to dryness. Treat the residue with concentrated aqueous ammonia and 
NH 4 C1 solution. Filter off the iron(III) hydroxide precipitated. Neutralize the 

20a Also see Sandell, E B., Colorimetric Determination of Traces of Metals, 3id Ed, 
In tei science Publishers, Inc, New York, 1959, 524-37. . . xT A 

2 1 The rapid determination of zinc in viscose spinning liquors containing 

H 2 S0 4 is of importance in the control of rayon production. An EDTA titration s 
appiopriate. See Saito, M., Nagamura, S., and Ueno, K., Chemist-Analyst, 47 > 6 't * „ M 

22 Fiaschha, H., and Jakobljevich, A., Anal. Chim. Acta, 4, 247, 1950; see abo S^iU. t-- « v ’ 
and Anson, F. C., in Advances in Analytical Chemistry and Instrumentation, C. IN. p 
ed., Vol. I, Inteiscience Publishers, Inc., New York, 19C0, 293-345. 
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filtrate with 96% zinc-free H 2 S0 4 and add 10 ml. in excess. Now add a potassium 
ferrocyanide solution so that the solution is about 2.5% in this salt. Compare the 
turbidity developed with diat of standards. (See also Vol. I, p. 1240.) 

DETERMINATION OF COPPER IN SULFURIC ACID 
Copper in small amounts in sulfuric acid is determined colorimetrically. For 
routine control, the color of the copper(II)-ammine complex (or of a copper-amine 
complex) may be evaluated either by a visual comparison procedure or by the use of 
a filter photometer. Where greater sensitivity is required, such chromogenic agents 
as diediyldithiocarbamate and 2,9-dimethyl-l,10-phenanthroline (Neocuproine) are 
applicable. 23 

Visual Comparison and Photometric Procedure.— Evaporate an appropriate 
amount of the FI 2 S0 4 sample (25 to 50 ml.) to dryness. Take up the residue in 
100 ml. of water and add 2 ml. of copper-free (reagent grade) HC1. Precipitate the 
copper by passage of H.,S gas or boiling with thioacetamide. Dissolve the washed 
precipitate in HNO s and make the solution ammoniacal with concentrated 
aqueous ammonia. Match the blue color developed against that of similarly pre- 
pared standards containing known amounts of copper. Alternatively, employ a 
filter photometer and a filter transmitting in the region of 620 m^. 

Remarks.— A polyamine may be substituted to advantage. Triethylenetetramine 
(i.e., trien) and tetraethylenepentamine (i.e., tetren) are appropriate, using a filter 
transmitting in the region of 625 to 650 ni/r; nickel and cobalt do not interfere be- 
cause of the improved sensitivity. 24 (See also Vol. I, p. 408.) 

DETERMINATION OF NICKEL IN SULFURIC ACID 
In the application of purity grades of sulfuric acid (and of certain other mineral 
acids) in the electronics industry, contemporary interest exists in the trace nickel 
content. This may be estimated by spectrographic analysis (see page 552) or by a 
sensitive spectrophotometric method following an evaporation of a large sample 
(with sulfuric acid added in the case of other mineral acids). Some workers favor 
a dimethylglyoxime procedure with a chloroform extraction step in which iron(lll) 
is masked by citrate and a subsequent oxidation (see Vol. I, pages 64, 178, 420, and 
613). An a-furildioxime procedure also offers good sensitivity and selectivity (with 
iron masked by citrate in the chloroform or o-dichlorobenzene extraction step) 
without an oxidation step. 25 

DETERMINATION OF THE WATER CONTENT 
OF SULFURIC ACID 

Where of interest, the water content of sulfuric acid (as well as of nitric, hydro- 
fluoric, and hydrochloric acids) may be determined by a Karl Fischer titration, usu- 
ally after neutralization of the acid with pyridine. 20 

- 3 Sandell, E. B.. Colorimetric Determination of Traces of Metals, Interscience Publish- 
ers, Inc., New York, 3rd Ed., 1959, 442-453; see also Vol. I, 407-410. 

«Crumpler, T. B„ Anal. Chem., 19, 325, 1947; Williams, L. H., Analyst, 75, 425 1950 
-aTayior C. G„ Analyst, 81, 369, 1956; Gahler, A. R„ Mitchell, A. M„ and Mellon' 
G -> Anal. Chem., 23, 500, 1951. 

YoA S mri ltChc11 ' J’’ J r '’ and Smith ’ D - M -, Aquametry, Interscience Publishers-, Inc., New 
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SPECTROGRAPHIC DETERMINATION OF IMPURITIES 
IN SULFURIC ACID 

With the increased interest in mineral acids of high purity for use in the elec- 
tronics and nuclear industries, the determination of elements present in trace 
amounts has received attention. Spectrographic methods are applicable and afford 
the advantage of simultaneously recording many impurities. By a preliminary 
concentration, determinations of impurities even at the level of 0.1 p. p. m. or less 
may be accomplished. Sulfuric acid may be analyzed spectrographically for Al, 
Fe, Cu, Sb, Pb, Ni, Ag, Au, Mn, Mg, Ca, Si, and Sn by the following procedure. 

Spectrographic Procedure.— By weight or volume take a 100-g. sample of 
H 2 S0 4 . Place it in a platinum dish, add 0.5 ml. of HN0 3 and evaporate in a dust- 
free atmosphere to a volume of about 10 ml. Add 100 mg. of spectrographic grade 
graphite powder as a collector, and evaporate to dryness. Weigh a 10-mg. portion 
of this residue and transfer it to a preformed 14-in. graphite electrode, having a 
% by 3io-in. crater. Excite the sample in a direct current arc under appropriate 
conditions, e.g., 10 amp. for 90 sec. Excite commercial spectrographic standards 
prepared in graphite (0.1 to 0.0001% in the element) under the same conditions 
All plates should be developed under identical conditions and the line densities 
compared (in the calculations, take account of the thousandfold concentration 
of the sample). The sample size may be adjusted depending upon the degree of 
concentration required for the detection and determination of the element of 
interest; the use of composite samples often leads to more representative results. 

ANALYSIS OF REAGENT GRADE SULFURIC ACID 

For information on the specifications and recommended procedures for the 
analysis of reagent grade sulfuric acid, relevant monographs should be consulted, 27 

OLEUM AND “MIXED ACID” 

The terms oleum and fuming sulfuric acid arc given to (concentrated) sulfuric 
acid containing "free" sulfur trioxide. Oleum is offered in various strengths 
ranging from 10 to 70% free S0 3 (also termed % oleum). Common strengths 
offered in tonnage quantity include 20, -10 and 65% oleum (i.e., 104.5, 109.0, and 
114.6% H 2 S0 4 ). Nitric acid is added, on request, by some producers to oleum 
(usually that of 40% free SO a ) often to the extent of 3 to 6% to prevent freezing 
in winter months. Reagent grade fuming sulfuric acid, meeting American Chemi- 
cal Society specifications, is available in three strengths, namely, 15-18, 20-23, and 
30-35% free S0 3 . Sulfur trioxide (99% SO a minimum) is available in a stabilized 
form. “Mixed acid” or “nitrating acid” are common designations for mixtures of 
concentrated sulfuric acid or oleum with nitric acid and the common commercial 
strengths, expressed as % HN0 3 and % H->SO v include the following: 85, 12; 
80, 15; 60, 38; 45, 53. 

The conventional chemical analysis of the composition of oleum and mixed acid 

2T American Chemical Society, Reagent Chemicals— 1960, Washington, D. C., 1961; Roshi- 
J., Reagent Chemicals and Standards, D. Van Nostrand Co., Inc., Princeton, New jersey. 
4th Ed-, 1961; British Drug Houses Ltd. and Hopkm 8: Williams Ltd., Analar Stanua 
for Laboratory Chemicals, London, 5th Ed., 1957; Chemapol, Czechoslovak Fine Cneimca 
Standards, 2nd Ed., Vol. I, Prague, i960; Japanese Industrial Standards Handbook, Keag 
Chemicals, Nippon Kikaku Kyokai, Tokyo, 1961. 
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is based on the determination of the total acidity expressed as % H 2 S0 4 and the 
determination of total sulfuric acid content after volatilization of nitric acid. Both 
determinations are based on alkalimetric titrations (with a temperature rise method 
as an alternative for simple oleums). For oleum, a correction is applied for the 
sulfur dioxide content after its separate determination. The free sulfur trioxide 
content and total nitric acid (or N 2 O a ) content may be then established from these 
results by stoichiometry or may be separately determined. Variations and alter- 
natives to this approach are noted as remarks to the following procedures. 

TOTAL ACIDITY OF OLEUM OR MIXED ACID 
(TITRATION METHOD) 

Procedure.— By use of a Dely tube or weighing buret, with the techniques 
given on pages 535-9, add a weighed sample of oleum or mixed acid (suffi- 
cient to neutralize 80-95 ml. of 1 N NaOH, that is, equivalent to 3.9-4.7 g. of 100% 
H.,S0 4 ) to 150 ml. of cold water in a glass-stoppered conical flask or bottle. Seat 
the stopper and agitate the contents. Allow the solution to cool. Titrate the total 
acidity with 1 N NaOH in the manner described for H»S0 4 (page 540). The % 
Total Acidity as H 2 S0 4 = (ml. of NaOH, corrected for temperature) X (normality 
of NaOH) X 0.049039 X 100 (sample weight in g.). The % Free SO a (uncor- 
rected) = 4.4441 X (% Total Acidity as H L ,S0 4 — 100.0). 

Remarks.— The result must be corrected for other acids present to obtain the 
"true” H 2 S0 4 content or “true” free S0 3 content. (See further under the calcu- 
lation of the composition of oleum and mixed acid.) With mixed acid and oleum 
of large free SO a content, the sample is expediently weighed in a sealed ampoule 
or bulb (see page 538 for this technique). The bulb is broken, best by violent 
shaking, under the surface of the major portion of the NaOH with added water 
required in the titration placed in a glass-stoppered flask or bottle. 

For rapid, routine analysis, it is expedient to drown a large sample of the oleum 
or mixed acid by the following technique: A 6-in. glass funnel is suspended from a 
ring stand over a 1000-ml. volumetric flask and its tube is extended by a short sec- 
tion of rubber tubing and glass tubing so that it reaches to the bottom of the flask. 
The funnel outlet is dosed by a clamp in the rubber connection (or alternatively by 
a small stopper fastened to a small glass rod positioned in the apex of the funnel). 
The funnel is filled with water and about 50 ml. of water run into the flask by 
opening the closure briefly. The acid sample is pipetted into a tared weighing 
bottle and weighed. The bottle is then inverted under the water in the funnel 
and the bottle stopper removed slowly by glass-tipped forceps. When all the acid 
has poured out, the stopper is removed and left in the water and the bottle is 
sloshed until all fumes are absorbed. It is then allowed to fill with water. The 
bottle and its stopper (and the tongs) are then removed from the funnel with 
water rinses. The contents of the funnel are allowed to drain into the flask 
followed by water rinses. The solution is diluted to mark with water and mixed. 
Portions (100 ml.) of this solution are then employed in the titration of the total 
aridity and of the total sulfuric acid content. Portions may also be used for the 
determination of various impurities in the original sample, -where this information 
is of interest to the analyst. 
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TOTAL ACIDITY OF OLEUM (TEMPERATURE RISE 
METHOD) 28 

Procedure .— Measure A ml. of standard D into a graduated cylinder of capacity 
C ml. (dry or wet with the standard) as follows: 



Standard (B) 

Ml. of 

Capacity of 

Sample , 

standard 

cylinder. 

% h 2 so 4 

nature, % H2SO4 

taken (.1) 

ml. (C) 

95.5-100.0 

104.5-105 

50 

50 

100.4-106.0 

93.19 (66° Be) 

50 

50 

>105.0 

93.19 (66° Be) 

150 

250 

Transfer to the Dewar flask (silvered, pear-shaped, 

250-mi. capacity, mounted 


wooden box with mineral wool packing and with the neck protruding about 05 
inch through a sheet lead cover to the box). Insert the thermometer (—5° to 220*F., 
1° divisions, calibrated) and record the temperature as T v Measure 50 ml. of the 
sample into a separate 50-ml. graduated cylinder (which has been first rinsed with 
the sample); with the same theimometcr (washed with water and wiped dry), meas- 
ure and record the temperature as T.,. Read the temperature in both cases with 
the mercury column immersed in the liquid since the heat of reaction of the acid 
with atmospheric moistuic may give a false value. The temperatures T t and T 2 
should be in the range 75-90 e F. (or 80-90 # F. for > 105% H.,S0 4 . Transfer the 
thermometer to the Dewar flask and pour the sample into this flask. With the 
thermometer bulb immersed in the mixture and touching the flask bottom, mix 
the contents by gentle shaking and swirling for CO seconds. Record the observed 
temperature as T/. 

Calculations and Remnrks.~The method is not applicable to oleums containing 
nitric acid and is unreliable for total acidities between 100.0 and 100.4% H 2 S0 4 
(and a titration should be here applied). The temperature rise R is obtained 
from the experimental temperatures from the equation R - T) — ^(Tj + *. 2 /» 
where equal volumes of the sample and standard arc taken; for >105.0% H 2 S0 4 , 
the equation takes the form R = T f - 1,4(37*! + T.J). The % Total Acidity is 
then calculated from tables or graphical plots based on samples and standards 
of known composition as established by precision alkalimctric titrations. Stand- 
ards should be checked from time to time against the established tables or plots. 
The calibration strictly applies to a given Dewar flask; however, it may prove 
to be sufficiently exact for Dewar flasks of die same manufacturer, especially if 
selection is based on actual performance or by comparison of die heat trans- 
fer properties by placement of a standard heat source in the various flasks. For 
the indicated size Dewar flask and the above procedure, die calibration for the 95.5- 
100.0% H a S0 4 range should possibly cover the temperature rise in e F. of O'-SS”; 
for 100.4-106.0% H 2 S0 4 , 8°-76 e ; for >105% H 2 S0 4 , 37°-136°F. The % Total 
Acidity can, of course, be expressed as % SO s . 

Diverse methods have been reported for the determination of the free sulfur tri- 
oxide content or total acidity of oleum including titrations with water to thermo- 

28 Procedure, courtesy, E. I. DuPont de Nemours & Co., Inc., based on Howard, H„ 
J. Soc. Chem. Ind., 29, 3, 1910, and Curtis, R., and Miles, F., ibid., 39, 64, 1920. 
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metric or potentiometric end points, precision calorimetry on the addition ol 
water and various physical measurements including density and viscosity. How- 
ever, such methods appear not to have received widespread, routine application. 29 
Measurement of the specific conductivity is suitable for at least 1 8—23% oleum, 
but close control of the temperature is imperative and variations in impurity may 
be a serious source of error. 29 Conductometry has also been proposed with close 
thermostatic control of temperature for the establishment of the composition of 
mixed acids in terms of sulfuric acid, nitric acid, and water; however, the results 
are about 5% lower for the water content than the value derived by the conven- 
tional chemical analysis. 30 


TOTAL SULFURIC ACID IN OLEUM OR MIXED ACID 

Procedure— By the use of the Dely tube or other suitable technique (see pages 
535 through 539) establish a sample of the oleum or acid requiring 80-85 ml. of 
1 N NaOH in the titration of total H.,S0 4 and run under 45-50 ml. of cold water. 
Evaporate die solution on a steam bath, thus expelling volatile acids, oxides of 
nitrogen, and nitric acid, with the aid of a gentle stream of filtered, preferably 
warm air, to the first signs of darkening (due to charring of organic matter present 
in die sample or dust particles from the air). Check for the removal of nitric acid 
by removing the dish from the bath and sniffing the air over the dish. If acid is 
noted, continue the evaporation further. 31 Rinse down the walls of the dish with 
5 ml. of water and evaporate as before. Titrate the total sulfuric acid with 1 N 
NaOH in the manner described for sulfuric acid (page 540). The % Total 
R,S0 4 = (ml. of NaOH, corrected for temperature) X (normality of NaOH) X 
0.049039 X 100 4 - (weight of sample in grams). 

Remarks .— Since the evaporation in the above procedure is tedious, the deter- 
mination of total sulfuric acid should be started as the first step in the conven- 
tional analysis of an oleum or a mixed acid. The reproducible, yet complete 
volatilization of nitric acid without loss of sulfuric acid in the evaporation of 
mixed acids has often been questioned. In one study the loss of sulfuric acid 
was found to vary from nil to 0.02% total HoS0 4 . 32 As an alternative to evapo- 
ration of nitric acid, its destruction with formaldehyde has been proposed; 


3HCHO -f 4HN0 3 4NO + 3C0 2 + 5H 2 0 


Any formic acid also formed is volatilized as its methyl ester by the addition of 
methanol. The sulfate is dien titrated in hot solution with barium acetate to a con- 
ductometric end point with a claimed reliability of 0.1% H 0 S0 4 . The presence 
of propanol increases die sharpness of the end point. 33 


29 For summary of literature, see M. R. Singer, in The Manufacture of Sulfuric Acid 
and West ' J- R > Reinhold Publishing Corp., New York, 1959, pages 423-^ 
R6; for the conductivity method, circuitry and a ceil design are presented. 

7 Y " and Chaverou ' M - Mem. Poudres, 41, 423, 1959; through Anal. Abstracts, 


•a The full removal of nitric acid may then be followed by noting whether moistened 
mue litmus paper held over the dish is turned red. A further simple test involves place- 
ment of a strip of ordinary paper towelling in the vapors; development of a brown color 
19611 CaUVC ° E mtdC acid ° 1 ' ° xides ° f nitl °S en ( see A - c han, Jr., J. Chem. Educ., 38, 41? 


3 - Unpublished work, stalf, E. I. DuPont de Nemours & Co., Inc. 

33 Clark, J. D., in Analytical Procedures for Rocket Propellants, VII Mixed Arid 
43?3°692 l° 95 i 4 ’ U ' ^ NaVal Air R ° cket TeSt Station ’ Lake Denmark,’ N J.. 1952? C t 
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ACTUAL NITRIC ACID IN MIXED ACID 
Procedure .— Although HNO-, may be calculated from the stoichiometry q£ the 
mixed acid (or oleum) sample (see below), the direct determination is often de- 
sirable and affords greater accuracy. The titrimetric iron(II) sulfate procedure 
given for nitric acid in sulfuric acid is applicable with the special remarks pre- 
sented concerning the use of the method with mixed acids (see page 543). h 
should be observed that by this method the actual nitric acid content is obtained. 
If the total nitric acid content is sought (as is secured in essence by a nitrometer 
procedure), the nitrososulfuric acid content should be separately determined (c.g., 
by the permanganate titration procedure considered below) and be added to the 
actual nitric acid content. Often, however, the nitrososulfuric content may be small 
enough to allow its neglect. 

TOTAL NITRIC ACID IN MIXED ACID 
Nitrometer Procedure.— See Vol. I, pages 758-759 for the full operational de- 
tails. As noted above, the result corresponds to total nitrogen compounds ex- 
pressed as nitric acid and thus includes any nitrososulfuric acid present in the 
sample. 

Calculation of Total Nitric Acid in Mixed Acid.— The total nitric acid content 
may be calculated for a mixed acid from the results of the determination of total 
acidity and the total sulfuric acid determination since sulfurous acid (sulfur di- 
oxide) cannot exist in a mixed acid: The % Total HN0 3 = (%Total Acidity as 
H 2 S0 4 - % Total H 2 S0 4 ) X 1-2850. The fact that the difference between two ex- 
perimentally derived values is involved seriously impairs the reliability of the calcu- 
lation when only a small amount of nitric acid is presen L 

NITROSOSULFURIC ACID IN MIXED ACID 
Procedure .— Transfer a suitable sample to 150 ml. of water and titrate promptly 
with (freshly standardized) 0,1 N (= 0.02 M) KMn0 4> to an end point marked by 
the persistence of a pink color for at least 00 seconds after the addition of a single 
drop. % NOHS0 4 = (ml. of KMii 0 4 ) X (normality of KMn0 4 ) X 0.06354 X 100 
4- (sample weight in grams). 

The solution should not be stirred more than necessary until the end point is 
approached. Back-titration procedures and cerate titrations are also feasible (see 
Remarks under determination of nitrous acid in nitric acid, page 562). In the in- 
terested industries, the term "nitrososulfuric acid" (or its equivalent “'nitrosylsul- 
furic acid”) has long usage. Modem evidence suggests that the moiety involved 
is ionized in absolute H 2 S0 4 and is the salt, nitroso hydrogen sulfate, NO+, 
HS0 4 ~; this finding does not invalidate the conventional calculations since the 
acid sulfate ion is a monoprotic acid. In water, the moiety passes to a mixture of 
nitrous and sulfuric acids. 

CALCULATION OF RESULTS FOR OLEUM FREE OF SOj 
For an oleum free of S0 2 (and of HN0 3 ), the calculation is relatively simple- 
Either the % Total Acidity as H 2 S0 4 or the % Free S0 3 has been determined 
and may be intercon verted by useof the Table on page 616 or by the following 
equations. 

Note. These equations aie derived by writing the expressions for % Total SO3, % 
biried HjO, % Combined SO a , and % Free SO3 and intersubstituting. Analogous equa- 
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linns mav be derived for oleum containing SOo (or mixed acid). For example for oleum 
containing SOo: % Free SOo = 4.4441 X (% Total Acidity as H 0 SO 4 - 100.00) _ 2.360 X 
^ SOo However, the stepwise calculations given for oleum containing SOo and mixed 
acid are preferred by most workers. 

% Total Acidity as H0SO4 = 0.22502 X % Free SO3 -f- 100.00 
% Free SO3 = 4.4441 X (% Total Acidity as H0SO4 — 100.00) 

Alternatively the Actual % H2SO4 may be calculated and reported with the % Free 
SO3; the two obviously must add to 100%. 

% Actual H0SO4 = 5.4441 (100.00 — 0.81632 X % Total Acidity as H0SO4) 


% Actual H 2 SC>4 = 100.00 - % Free SO3 

Example —An oleum is found to contain 102.2% Total Acidity as H.,S0 4 . Then 
% Free S0 3 = 4.4441 (102.2 - 100.0) = 9.8% and % Actual H 2 S0 4 = 90.2%. 

CALCULATION OF RESULTS FOR OLEUM CONTAINING SCL 
If a significant amount of S0 2 is present in an oleum and is determined (see 
below), the following relationships apply: 


% Total H2SO4 = % Total Acidity as H 2 S0 4 — 1.531 X % S02 33 “ 

% Total SO3 - % Total H 2 S0 4 X 0.81631 

% Combined H..O = 100.00 - (% Total SO3 + % S0 2 ) 

% Combined SO3 = % Combined H 2 0 X 4.4441 

% Free SO3 = % Total SO3 — % Combined SO3 

% Actual H2SO4 = % Combined SO3 -f- % Combined H 2 0 

Example.— What is the composition of an oleum found to contain 2.00% SO., 
and 102.29% Total Acidity as H 2 SQ 4 ? 


% Total H2SO4 = 102.29 - 1.531 X 2.00 = 99.23% 
% Total S 0 3 = 99.23 X 0.81631 = 81.00% 

% Combined H 2 0 = 100.00 - (81.00 + 2.00) = 17.00% 
% Combined SO3 = 17.00 X 4.4441 = 75.55% 

% Free SO3 = 81.00 - 75.55 = 5.45% 

% Actual H2SO4 = 75.55 + 17.00 = 92.55% 


Report: tLSO.j, 92.55%; SO3, 5.45%; S0 2 , 2.00% o ; total, 100.00%. 


'."j? 1 be factor 1.531 assumes that phenolphthalein is used in the titration 
acidity; if methyl orange is used, the factor should be 3.062. 


of the total 
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CALCULATION OF RESULTS FOR MIXED ACID 
Where the % Total Acidity as H 2 S0 4 and % Total H 2 S0 4 have been deter- 
mined the % Total HNO a may be calculated as given on page 55G: 

% Total HNO 3 = (% Total Acidity as H 2 S 04 — % Total HaSO*) X 1.2850 

Alternatively the total HNO a content may be determined (see above). If the 
nitrososulfuric acid content is determined: 

% Actual H 2 SO 4 = % Total H 2 SO< - (% NOHSO 4 X 0.7718) 

% Actual HNO 3 = % Total HNOa - (% NOHSO4 X 0.4960) 

Alternatively the actual HNO a content is determined (see above). 

The water content of the mixed acid can then be estimated: 

% H 2 0 - 100.00 - (% NOHSO 4 + % Actual H s S0 4 + % Actual HNO a ) 

If the % H 2 0 is negative, it may be expressed as "minus” water, the physical 
meaning of which is that free S0 3 is present, that is, an excess of oleum is present 
in the mixed acid. 

Where an excess of oleum is present (free SO-, present), the calculation may take 
the following course, in which nitric acid is considered as present as its anhydride, 
N 2 0 3 . 

% Total N 2 O s = (% Total Acidity as H-SO 4 - % Total H 2 S0 4 ) X 1.1013 
% Total SO 3 = % Total H 0 SO 4 X 0.81631 
% Combined H a O = 100.00 - (% Total SO 3 + % Total N 2 0 5 ) 

% Combined SO 3 — % Combined H 2 0 X 4.4441 

% Free SO3 = % Total SO3 — % Combined SO3 
% Actual H 2 S 04 ~ % Combined SO* A % Combined H 2 0 

Example .— What is the composition of a mixed acid, if the Total Acidity as 
H 2 S0 4 was found to be 102.90% and the Total HoSO* 100.45% (the % N 2 O s or 
% HN0 3 was not determined)? 

% N 2 0 3 = (102.90 - 100.45) X 1.1013 = 2.70% 

% Total SO 3 = 100.45 X 0.81631 = 82.00% 

% Combined H 2 0 = 100.00 - (82.00 -f 2.70) = 15.30% 

% Combined SO s = 15.30 X 4.4441 = 67.99% 

% Free SO 3 « 82.00 - 67.99 = 14.01% 

% Actual H 2 S0 4 * 67.99 + 15.30 = 83.29% 

Report: H 2 SO 4 , 83.29%; SO 3 , 14.01%; N 2 0 5 , 2.70%; total, 100.00%. 
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DETERMINATION OF SULFUROUS ACID (SULFUR DIOXIDE) 

IN OLEUM 

The determination of sulfurous acid in oleum parallels the iodimetric procedure 
ojven for sulfuric acid (see page 545). Sulfur dioxide cannot exist in an oleum 
with nitric acid, that is, in a mixed acid. 

DETERMINATION OF OTHER IMPURITIES IN OLEUM 

Impurities in oleum and mixed acid are determined by the procedures given for 
sulfuric acid (pages 546-52) and where necessary or appropriate after an initial 
evaporation to remove free sulfur trioxide and nitric acid. This includes residue 
on ignition and lead. Less frequent determinations include iron, and arsenic. 
For arsenic in oleum and mixed acid a sample containing 1 to 20 micrograms of 
arsenic as As.,0 3 (usually about 3 ml.) is placed in a dry 100-ml. beaker (and with 
oleum a few crystals of potassium nitrate are added). The beaker is covered with 
a watch glass and heated over a small flame until all free S0 3 is removed (i.e., 
until bubbles become few and the atmosphere in the beaker suddenly becomes 
cloudy and dien clears). To the cooled solution, 5 ml. of water is added cau- 
tiously and the resulting solution is taken almost to fumes on a hot plate and 
allowed to cool. The general Gutzeit procedure may then be applied as given in 
Vol. I, pages 118-124 (see also the remarks on page 546). 

See die relevant monographs in footnote 27 for the analysis of reagent grade 
fuming sulfuric acid. 


NITRIC ACID 

Nitric acid, HNO ;! , of contemporary manufacture is relatively pure, and is of- 
fered commercially in a variety of strengths from dilute solutions to fuming acid. 
The principal strengths offered in the United States include 36°, 38°, 40°, and 42° 
Baume, Heavy (i.e., 52.3%, 56.5%, 61.4%, and 67.2% HNO s ), and the nominal 
percentage strengths 90% (47.8° Baume), 95% (48.50° Baume), and 100%. “Con- 
stant” boiling nitric acid is about 68.0 to 68.5% HNO ;j , and boils at about 251 °F., 
121. 6°C. The term “fuming acid” is applied to any strength greater than 85.7% 
HN0 3 containing oxides of nitrogen. Red fuming nitric acid contains large 
amounts of the oxides of nitrogen (5 to 20% expressed at N0 2 ) and has a total 
acidity greater than 100% HNO a . “White" fuming nitric acid (“WFN” or 
“WFNA,” 97.5 to 99.8% HN0 3 ca. 0.5% N0 2 ) and red fuming nitric acid (“RFN” 
or “RFNA” often ca. 12% N0 2 with 0.6% HF added as a corrosion inhibitor) 
receive attention as oxidizers in rocket propellant systems (see p. 562). Reagent 
grade nitric acid, meeting American Chemical Society specifications, is available- 
as 69.0 to 71.0% HNO a (sp. gr. 1.42), fuming acid (90%), and red fuming acid (ca. 
20% N0 2 ). Mixtures of nitric and sulfuric acid (“mixed acid,” “nitrating acid”) 
are considered with oleum (see p. 552). Acid etch mixtures containing nitric acid 
are briefly considered on p. 585. 

NITRIC ACID CONTENT 

Nitric Acid Content by Specific Gravity.— The estimation of nitric acid content 
5y the use of a hydrometer is feasible over the entire range of practical concen- 
trations up to 100% HN0 3 . Specific gravity-composition tables for nitric acid are. 
given on pp. 617 through 620. 
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Nitric Acid Content by Alkalimetric Titration .— The procedure for the deter- 
mination of the total acidity of nitric acid by acid-base titrimetry parallels that 
given for sulfuric acid (p. 540), and hence, requires only an abbreviated statement 
here: 

Procedure.— Place 100 to 150 ml. of C0 2 -free water in a 110-mm. casserole, add a 
nitric acid sample (equivalent to 2.5 to 3.0 g. of 100% HN0 3 ), and titrate with 
0.5 N NaOH to the phenolphthalein end point. Note the temperature of the 
NaOH solution and add a correction of 0.00030 ml. per milliliter of 0.5 N NaOH 
for each degree Centigrade below its standardization temperature; or subtract the 
correction for each degree above. 

Remarks.— For fuming nitric acid, use of the special confined weighing tech- 
niques. such as the Dely tube (see p. 537), is mandatory, and absorption in an ex- 
cess of 0.5 N NaOH, followed by back titration with standard H 2 S0 4 is expedient. 
The sample sire given is appropriate for the 75-mi. bulb of a chamber buret 
(see footnote 3, p. 536). Some workers prefer the use of a 1 N NaOH; others of 
0.333 , , . N NaOH. Other indicators may be employed including methyl red; this 
indicator will be bleached by any nitrous acid present, however, and addition of a 
further amount of indicator may be required as the end point is reached. A po- 
tentiometric end point is also feasible. 

Calculation. 

% Total Acidity as HNOs 

(milliliters of NaOH) X (normality of NaOH) X 0.063013 X 100 
sample weight in grams 

where the volume of NaOH is corrected for temperature. If the sample con 
tains significant amounts of other acids, a correction may be applied following 
their determination. For example, % HNO a = % Total Acidity as HNO a - (% 
H 2 S0 4 X 1.285) - (% HC1 X 1-728) - (% HNO, X 1-340). 

DETERMINATION OF SULFURIC ACID IN NITRIC ACID 

Sulfuric add, present in amounts greater than about 0-02%, is best determined, 
following the evaporation of nitric acid on a steam bath, either by an acid-base 
titration, or gravimetrically, as barium sulfate. Small contents of sulfuric acid are 
usually determined turbidimctrically either by a visual comparison or photometric 
procedure. 

Titrimetric Procedure for Sulfuric Acid.— Weigh out about 2.0 g. of the HN0 3 
in a 250-ml. beaker on a platform balance to the nearest 0.1 g. Evaporate essen- 
tially to dryness on a steam bath, hastening the evaporation, if preferred, by di- 
recting a gentle stream of filtered air on the surface of the liquid. Dissolve the 
residue in 5 ml. of water, washing down the beaker walls well, and repeat tie 
evaporation and re-solution steps until nitric acid fumes cease to be evolved. Coo 
and dilute to 100 ml. with C0 2 -free water, and titrate with 0.05 N NaOH to a 
faint pink phenolphthalein end point. The % H 2 S0 4 = (milliliters of NaOH 
solution) X (normality of NaOH) X 0.04904 X 100 -r- (sample weight in grams). 

Gravimetric Procedure for Sulfuric Add.— This determines both sulfuric aci 
and sulfate "bound” with iron or other metals. To die residue front die 
steam bath evaporation (see titrimetric procedure above), add 2 ml. of col ' c ^ 
trated HC1. Dilute to about 100 ml. with water. Heat to boiling, and add 1 
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of BaCl., solution (10%) drop wise. Complete the determination according to the 
conventional procedure (see Vol. I, pp. 1007-1008). The total sulfate as % H 2 S0 4 
_ (BaS0 4 weight in grams) X 0.4202 X 100 h- (sample weight in grams). 

Visual Comparison Turbidimetric Procedure.— Take a suitable sample of HNO., 
containing 0.01 to 0.05 mg. of H 2 S0 4 . Add 10 mg. of Na 2 C0 3 and evaporate to 
dryness on a steam bath. Dissolve the residue in 5 ml. of water and filter through 
a small filter paper (freshly washed with water slightly acidified with hydrochloric 
acid), collecting the filtrate in a test tube. Wash the paper twice with 2-ml. por- 
tions of water and dilute tire collected filtrate to 10 ml. Add 1 ml. of HC1 (1:9) 
and 1 ml. of BaCl 2 solution (10%), which should be freshly filtered in order to 
assure a suitable fine precipitate. Stir briefly and after 10 min., compare the tur- 
bidity widr that developed by standards equivalent to 0.01 to 0.05 mg. of H 2 S0 4 . 
These standards are prepared by adding 1.0, 2.0, .... 5.0 ml. of a Na 2 S0 4 solu- 
tion (0.0146 g. of reagent grade anhydrous Na 2 S0 4 dissolved and diluted with 
water to 1000 ml.; 1 ml. = 0.01 mg. of H 2 S0 4 ) to matched test tubes, and diluting 
to 10 ml. with water. The result may optionally be expressed as percentage of 

s ° 4 . 

Instrumental Photomeuic Procedure for Sulfuric Acid. 34 — In a beaker by weight 
or volume, establish a HNO. } sample containing 0.2 to 1.2 mg. of H 2 S0 4 (but not 
more than 10 ml. of 70% HNO ;i ), Add 1 ml. of NaCl solution (10 g. NaCl in 90 
ml. of water) and 3 or 4 glass beads. Evaporate to dryness on a steam bath, cool, 
and rinse down the beaker walls with 10 ml. of HC1 (1:10). Again evaporate to 
dryness. Dissolve the residue in 60 ± 1 ml. of water and transfer to a 100-ml. 
beaker. (Do not rinse the first beaker.) To the solution add 1 ml. of HC1 (1:10) 
and 1 ml. of gum arabic solution (0.5 g. of the gum in 100 ml. filtered through a 
cotton plug) and mix. Add 0.16 to 0.18 g. of screened reagent grade barium nitrate 
(pass through 30- and 40-mesh screens; use crystals retained on the 40-mesh screen) 
and stir continuously until the reagent has dissolved. Transfer the mixture to a 
cuvet and measure the absorbance versus water in a filter photometer, using a 
blue filter. With very small amounts of sulfuric acid, the development of tur- 
bidity may be slow to reach a maximum, but when reached, the absorbance is stable 
for possibly 30 min. Run a reagent blank versus water and subtract its absorbance. 
Read the result from a calibration curve prepared by carrying 2.0, 4.0, . . . , 12.0 
ml. of a Na 2 S0 4 solution (0.1463 g. of anhydrous reagent grade Na.,S0 4 dissolved 
and diluted with water exactly to 1000 ml.; hence, 1 ml. = 0.10 mg. of H.,S0 4 ). 

Remarks.— The turbidity produced depends on the particle size of barium 
nitrate used; hence, the screening of the salt. The result may, of course, be ex- 
pressed as percentage of S0 4 rather than as percentage of H 2 S0 4 . 

Since following the evaporation of nitric acid, a relatively simple system is pres- 
ent, the determination of trace sulfate based on metathesis with barium chlo- 
ranilate and photometric measurement of the acid chloranilate ion “freed" is also 
applicable. 35 

determination of hydrochloric acid in nitric ACID 

At the low concentration of hydrochloric acid encountered in contemporary 
commercial nitric acid, a turbidimetric method based on the precipitation of silver 
chloride may be recommended. The procedure is essentially that given for hydro- 

34 Procedure, courtesy General Chem. Div., Allied Chein. Corp. 

35 Bertolacini. R. J„ Barney, J. E., II, Anal. Chem., 29, 281, 1957. 
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chloric acid in sulfuric acid (sec p. 542); but in the preparation of standards 
chloride-free nitric acid is substituted for the sulfuric acid. Some workers prefer 
to neutralize the diluted nitric acid sample with ammonia, and to make add with 
a few drops of nitric acid prior to die addition of die silver nitrate solution. The 
standards must dien be prepared by adding the same amount of ammonia and 
neutralizing with chloride-free nitric acid to the same final acidity. A nephelomet- 
ric procedure may be substituted (see Vol. I, pp. 333-4); the addition of a nonionic 
surfactant (Tween 20) may be warranted in order to stabilize the preparation. 33 * 

DETERMINATION OF NITROUS ACID (LOWER OXIDES OR 
DISSOLVED OXIDES) IN NITRIC ACID 

By a permanganate titration, nitrous acid and lower oxides of nitrogen (NO.,, 
N a O a , and N 2 0 4 ) may be readily determined in nitric acid. The result may he 
expressed in terms of any of these substances. 

Procedure.— To 230 ml. of water in a casserole, add 0.1 N (i.c., 0.02 M) 
KMn0 4 dropwise and with stirring, until a faint pink color persists. Then add 
the HN0 3 sample (20 g. or a suitable amount to give a titration result of at least 
I ml. of 0.1 X K.Mn0 4 ). Titrate promptly with 0.1 N K.Mn0 4 to a pink color 
that persists for 3 min. 

Calculations. 


m u^rn (milliliters of KMnOJ X (normality of KMnOi) X 0.02351 X 100 
% HNvJ2 — . . , — . 

sample weight in grams 

Where it is desired to express the result as oxides of nitrogen, use die same formula 
substituting the following factors: for percentage of N.,O a , 0.01898; for percentage 
of N a 0 4 , 0.04601. 

Remarks.— Since the volatilization of die oxides of nitrogen is appreciable, the 
titration medium should not be stirred other than most gently until the end point 
is approached. Since the reaction with KMn0 4 is slow die 3-min. time specified 
should not be shortened. Because of diesc limitations, addition of an excess of 
KMn0 4 and back-titration with iron(Il) or oxalate is often preferred (e.g., see 
Vol. I, p. 747). Where organic matter is present in the HNO a , an iodimetnc pro- 
cedure is appropriate. Procedures involving back- titration of an excess of ce- 
riuin(IV) ammonium sulfate widi iron(II), or oxalate to die o-phenaiithroline or 
nitrophenandiroline end point arc also to be recommended. 331 * 


DETERMINATION OF HYDROFLUORIC ACID IN NITRIC ACID 
Traces of fluoride in nitric acid may be determined by a Willard-Winter distil- 
lation from sulfuric acid after a 1:10 dilution of the (concentrated) nitric acid 
sample (see Vol. I, Chapter 18). A finish of choice would be the spectrophoto- 
metric method based oil the foimation of the cerium (I II)-flu oride-[( 3 , 4 -dihydroxy- 
2-anthraquinonyl)methyl]iminodiacctate complex. 315 

Red fuming nitric acid containing about 12% nitrogen dioxide, used as a rocket 
luel oxidizer, may have 0.6% hydrofluoric acid added as a corrosion inhibitor. 


S5a Blanc, lieitrand, P., Liamlier, M., Chiin. anal., 38, 15G, 1956. , 

35 b United Kingdom Atomic Energy Authority, P. G- RepC. GD(\V), Analytical « e 
for the Inspection of Nitric Acid, H. M Stationary Office, London, I960: U.S.NW“) 
Specification MIL-N-7254C, Nitric Acid, Fuming Technical, July 1956; Stubblefield, r. » < 
Ind Eng Chcni., Anal. Ed., 16, 366, 1944. 
as Belcher, R., Leonard, M. A., West, T. S., Talanta, 2, 92, 1959. 
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The hydrofluoric acid content of this product may be determined by the current 
developed on a spontaneous electrolysis of the acid sample, diluted 1:500, between 
an aluminum anode and a platinum cathode. 3611 

determination of phosphoric acid in NITRIC ACID 

Trace phosphate is not usually determined in nitric acid. Where special inter- 
est exists a molybdenum blue photometric method is applicable (with silica being 
codetermined, if present). 37 

DETERMINATION OF HYDRIODIC ACID IN NITRIC ACID 
Iodide is now seldom encountered in nitric acid; it was formerly determined 
by oxidation to iodine, extraction, and subsequent titration with thiosulfate. 

DETERMINATION OF RESIDUE ON IGNITION (AND SILICA) 

IN NITRIC ACID 

The determination of the residue on ignition in nitric add is analogous to that 
for sulfuric acid (see p. 512). Some workers prefer to determine first the residue on 
evaporation by taking to dryness on a steam bath and drying completely in an oven 
at 100°C„ then to ignite the residue further to a red heat. Usually, silica is not 
separately determined in nitric acid. Where a special interest exists, the acid sam- 
ple is evaporated to dryness in a platinum dish, the residue is dissolved in sodium 
hydroxide solution, and after appropriate neutralization, a conventional molybde- 
num blue procedure is applied with phosphate masked by the addition of oxalate 
or tartrate. 33 (See also Vol. I, pp. 962-963.) 


DETERMINATION OF ARSENIC IN NITRIC ACID 
For the determination of trace arsenic in nitric acid, the comments given for 
die similar determination in sulfuric acid apply (see p. 546). For the Gutzeit 
mediod, a known amount of the nitric acid (50 to 100 g.), after addition of 5 ml. of 
concentrated sulfuric acid and 0.8 g. of FeNH 4 (S0 4 ) 2 T2H 2 0, is evaporated until 
no further nitric acid fumes are evolved (i.e., until sulfur trioxide fumes just ap- 
pear). The general Gutzeit procedure is then applied (see Vol. I, pp. 118-124). 


DETERMINATION OF BORON IN NITRIC ACID 
The nuclear industry has interest in the trace boron content of nitric acid. A 
methyl borate distillation is employed, followed by a photometric determination 
of borate (Vol. I, pp. 233-235). In one study, special distillation conditions and 
the use of curcumin as the chromogenic agent have been recommended. 33 


DETERMINATION OF FREE CHLORINE IN NITRIC ACID 
Where of interest, free chlorine may be determined in nitric acid by passing 
pure air successively through two gas-bubbling bottles (low form), the first contain- 


36a Baker, B. B., Anal. Chem., 30, 1085, 1958. 

e 37 fhiited Kingdom Atomic Energy Authority, P. G. Rept. 69(W), Analytical Methods 
tor the Inspection of Nitric Acid, H. M. Stationery Office, London, 1960. 

Fnr S fhi n l ted K WSc'om Atomic Energy Authority, P. G. Rept. G9(\V), Analytical Methods 
. Ins P ectlon °f Nitric Acid, H. M„ Stationery Office, London, 1960. 
for ,hTr, ed Kin S d °Hi Atomic Energy Authority, P. G. Rept. 69(\V), Analytical Methods 
tne Inspecuon of Nitric Acid, H. M. Stationery Office, London. I960. 
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ing the weighed sample of nitric acid, and the second a potassium iodide solution 
The iodine liberated in die second bottle is titrated with 0.1 N sodium thiosulfate! 


% Free Chlorine = 


(milliliters ofNagSaOa) X (normality of NaaSzOa) X 0.03545 X 100 
sample weight in grams ~~~ 


DETERMINATION OF AMMONIUM SALTS IN 
NITRIC ACID 40 

The determination of small amounts of ammonium salts in nitric acid may be ac- 
complished by a photometric Nessler procedure following an initial evaporation. 

Procedure.— Transfer a sample of the nitric acid containing 20 to 120 /tg. of am 
monia to a beaker, add 4 or 5 glass beads, and evaporate on a hot plate until 
about in. of acid remains (allow no part of the beaker bottom to go dry). Con 
tinuc the evaporation on a steam bath just to dryness. Dissolve the cool residue in 

64.0 ml. of NH 3 -free water. 

Transfer the solution to a rectangular cell and read the absorbance against 
water in a filter photometer with a blue filter. Add 1.0 ml. of gum arabic solu- 
tion (0.2 g. of the gum in 90 ml. of water filtered through a glass wool plug, and 
10 ml. of the modified Nessler reagent added to the filtrate as a preservative) and 

5.0 ml. of modified Nessler reagent. Stir, taking care not to scratch the cell walls. 
Allow to stand 5 min. and again determine the absorbance versus water. Run a 
blank versus water on all of the reagents used in the procedure. 

Calculate the net absorbance by subtracting the absorbance of the solution be- 
fore the addition of the gum arabic and Nessler reagent, and also the absorbance of 
the reagent blank from the absorbance obtained after the Nesslerization ol the 
sample. Determine the result as percentage of ammonia from a standard curve 
obtained by adding 0.0, 1.0, 2.0, .... M.O ml. of standard ammonia solution 
(0.0314 g. of NH 4 C1 dissolved and diluted to exactly 1000 ml. with NH a -free water; 

1.0 ml. = 10 /tg. of NH ;$ ) to anmionia-frcc water to a total volume of 64.0 ml., and 
continue after the second paragraph of the procedure. 

Preparation of Modified Nessler Reagent.— Add 80 g. reagent grade NaCl to a 
beaker containing 130 ml. of ammonia-free water, and add 100 ml. of saturated 
HgCL solution (20 g. of reagent grade HgCL added to 130 ml. of water, wanned 
and cooled, stirred to induce crystallization, allowed to settle, and the clear super 
natant solution decanted). Mix, and add slowly with vigorous agitation, 70 ml 
of 1% Li^COg solution (1 g. reagent grade Li 2 C0 3 in 100 ml. of water; do not heat 
to effect solution as an inverse temperature effect exists). Allow the solution to 
stand overnight in a tightly closed bottle; then filter through an ignited Gooch 
crucible. The solution will keep indefinitely in a bottle closed with a plastic-lined 
screw cap. 

DETERMINATION OF IRON IN NITRIC ACID 

The determination of iron in nitric acid parallels die procedure given above for 
sulfuric acid (see p. 549). In both the visual comparison and photometric tiio 
cyanate procedures, a sample corresponding to 5 ml. of concentrated nitric acid is 
usually appropriate, with the substitution of an equal volume of iron-free nitric 
acid for the sulfuric add specified in the standards and blank. For nitric act 

Procedure, courtesy General Clieni Div., Allied Chein. Corp. 
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i - : on a preliminary concentration should be effected. An appropriate 

simple (To to 50 g.) is evaporaied on a steam bath after addition of a few drops 
J/unc aci d. The residue is dissolved in 5 ml. of .ron-free nitric 
^“wii S water and transferred to the 100 ml. Nessler tube (or 
volumetric flask for the photometric procedure). The solution is then leady for 
the development of the thiocyanate color without the addition of permanganate. 


DETERMINATION OF OTHER IMPURITIES IN NITRIC ACID 
Some other impurities (e.g., zinc, copper, lead, nickel, and selenium) may be de- 
termined, where special interest exists, by the procedures given under sulfuric acid, 
often after a prior evaporation of a suitable sample with some sulfuric acid added. 


DETERMINATION OF THE WATER CONTENT OF 

NITRIC ACID 

Where of interest, the water content of concentrated nitric acid may be deter- 
mined by a direct titration with the Karl Fischer reagent following neutralization 
with pyridine. 41 The water content of white and red fuming nitric acid is of 
special interest in its use as a rocket fuel oxidizer. A weighed sample of the white 
acid is neutralized with pyridine in dimethylformamide, an excess of the Karl 
Fischer reagent is added, and a back-titration performed to a deacl-stop end point 
with a standard methanol-water solution. Nitrogen dioxide, up to 1.5%, does not 
interfere. 42 The water content, up to 6%, of red fuming nitric acid, containing 
up to 20% NOo, can be determined by a highly selective spectrophotometric 
measurement in the near infrared at 1.42S /i. 43 


SPECTROGRAPHIC DETERMINATION OF IMPURITIES IN 

NITRIC ACID 

As considered above for sulfuric acid (p. 552), the spectrographic determination 
of impurities at even the level of 0.1 p. p. m. or less, may be accomplished by an 
initial concentration. The procedure given for sulfuric acid is also applicable 
to nitric acid (employing 100 g. of nitric acid in place of the 100 g. of sulfuric 
acid, and proceeding directly to the evaporation). Oldfield and Bridge 44 have 
reported a detailed spectrographic examination of high purity nitric acid (and also 
of hydrochloric, hydrofluoric, and acetic acids), and have elected to add copper 
during the concentration step, which serves as an internal standard. Their origi- 
nal paper is worthy of close study. Their procedure, which permits the estimation 
of some seventeen elements (namely, Mg, Mn, Cr, Bi, Al, Ni, Mo, Be, In, Zn, Ti, 
Zr, Co, Fe, Pb, Ga, Cd), takes the following form: 

Spectrographic Procedure with Internal Copper Standard.-Transfer a 10-ml 

S , a “ P ! e °, E £ l le n fS HC1 * ° r acetic acid ) to a 30 - ml - Platinum crucible.' 

Add 1 ml of 0.1 N H 2 S0 4 , and evaporate to dryness. To the cooled crucible add 
1.0 ml. of a solution of high-purity grade CuS0 4 in 0.1 N HoS0 4 (1 0 ml =10 
mg. of Cu). Warm the crucible to dissolve the residue, rinse the walls with a little 
deionized water, and again evaporate to dryness. Dissolve the residue in 0.1 ml. of 

YorkMMs! 11 ’ J " j1 '" 3nd Sm ' th ’ D ' M - Aquamory, Interscience Publishers, Inc., New 

4" W! b f S ; M ; L " R %» ht ’ w - p -> and Kindsvater, H. M., Anal. Chem *>8 419 iokr 

io White, L„ Jr., and Barrett, W. Anal Chem 9a Uoo Vqrr ’ I956 ' 

“ OMfcH. J. H„ and Bridge. E. P.! Analpi, 
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deionized water by warming and rotating die crucible. Transfer die solution drop- 
wise to a heated !4-in. undercut graphite electrode (previously pre-arced for 4 sec. 
at 4 amp. to remove surface contamination and to make it porous), allowing each 
drop to evaporate before adding the next. Rinse the crucible with 0.05 ml. of 
deionized water and transfer to the electrode in the same manner. Excite this 
sample preparation in a direct current arc in an argon-oxygen atmosphere at 12 
amp. for 15 sec. Develop all plates under identical conditions and compare ap- 
propriate line pairs. The concentrations are calculated from working curves 
obtained by the excitation of prepared standards containing the same amount of 
copper as the unknowns, and from 0.005 to 5.0 ^g. of the elements per 0.1 ml. of 
the solution placed on the electrode. 

Remarks.— The sensitivity can be further improved by employing a larger sample 
of the acid. It is imperative that the evaporation steps and transfers be accom- 
plished under conditions where air-borne and other contamination is minimized. 

ANALYSIS OF FUMING NITRIC ACID 
In die determinations considered above for nitric acid, only occasional and brief 
mention is made concerning fuming nitric acid. The special report literature that 
lias developed on this product, associated with its use as a rocket fuel oxidizer, 
should be consulted for the problems and methods of its analysis. 45 

ANALYSIS OF REAGENT GRADE NITRIC ACID 
For information on the analysis of reagent grade nitric acid and fuming nitric 
acid, relevant monographs should be consulted (see footnote 27, p. 552). 


HYDROCHLORIC ACID 

Hydrochloric acid (muriatic acid), HC1, is available in the technical grade in 
various strengths including 16°, 18*. 20°, 22", and 23° Baumd, Heavy (24.6%, 27.9%, 
31.4%, 35.2%, and 37.1% HC1), the 18® and 20" Baunid products being the most 
used. All of these strengths are somewhat yellow in color. A colorless 20° Baume 
pioduct is also available. The 18° Baume acid is also offered with an added 
metal-corrosion inhibitor for use in pickling iron and steel, and for dissolving hard 
water scale. Hydrochloric acid is available in a pharmaceutical grade, 35 to 38% 
HC1, meeting the specifications of the U. S. Pharmacopeia. Reagent grade 
(arsenic-free) hydrochloric acid, meeting American Chemical Society Specifications, 
contains 36.5 to 38.0% HC1 (typically 37.2%, sp. gr. 1.19). A specific gravity- 
composition table for hydrochloric acid appears on page 621. Anhydrous %uid 
hydrogen chloride is available in cylinders; for the analysis of this product, initial 
absorption in potassium hydroxide solution is employed. 


HYDROCHLORIC ACID CONTENT 
Hydrochloric Acid Content by Specific Gravity.— The estimation of the hydro- 
chloric acid content by the use of a hydrometer is feasible over die entire range of 

45 For brief summary, see Clear, A. J., and Rotli, M., Nitrogen, in KolthoS, 1. M., and 
Elving, P. J., eds.. Treatise on Analytical Chemistry, Interscience Publishers, Inc., 
York, Part II, Vol. 5. 1961, 264-267; see also Clark, J. D., Streim, H. G., et ah, U. S. Nava 
Air Rocket Test Station, Lake Denmark, New Jersey, Analytical Procedures * or ... v. 
Propellants, Reports 20, 23, 24, and 34, 1951-1953; U. S. Military Specification, 

7254C, Nitric Add, Turning, Technical, July, 1956. 
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practical concentrations of hydrochloric acid. A specific gravity-composition table 

for hydrochloric acid is given on page 621. 

Hydrochloric Acid Content by Alkalimetric Titration.- The procedure foi 
determination of the total acidity of hydrochloric acid by acid-base titnmetry para - 
lels that given above for sulfuric acid (p. 540), and needs only a brief statement 

here. 

Procedure.-Because of die volatility of hydrogen chloride, employ precautions 
to avoid losses in establishing the acid sample. Use a weighing bottle or a Dely or 
snake tube; with such tubes, draw the sample into the tube slowly under only 
slio-ht suction. Use a chamber buret (see footnote 3, p. 536) and a sample size re- 
quiring 75 to 95 ml. of 0.5 N NaOH (3.2 to 4.0 ml. of 37.2% HC1). Run about 
75 ml. of the base into die casserole or conical flask, and only then add the weighed 
acid sample. Complete the titration to the methyl orange or methyl red end point 
or, alternatively, employ a potentiometric end point. Note the temperature of the 
NaOH solution and add a correction of 0.00030 ml. per milliliter of 0.5 N NaOH 
for each degree Centigrade below its standardization temperature; or subtract the 
correction for each degree above. 

Calculation. 


% Total Acidity as HC1 

(milliliters of NaOH) X (normality of NaOH) X 0.036461 X 100 
sample weight m grams 

where the volume of NaOH is corrected for temperature. 

If the sample contains significant amounts of other acids, a correction may be ap- 
plied following their determination. For example 


% HC1 = Total Acidity as HC1 - (% HN0 3 X 0.5786) - % H 2 S0 4 X (0.7435). 

Remarks.— The hydrochloric acid content may also be determined gravimetrically 
as AgCl or by a Volhard titration (Vol. I, pp. 328-329). 


DETERMINATION OF SULFURIC ACID IN HYDROCHLORIC 

ACID 

Sulfuric acid in hydrochloric acid can be determined after the procedures de- 
scribed above for nitric acid (see p. 560). The initial acid sample is evaporated to 
the absence of a hydrogen chloride odor, the beaker walls are rinsed with water, 
and the solution is re-evaporated. The result of the subsequent alkalimetric titra- 
tion is termed % Free H 2 S0 4 or % Nonvolatile Acidity as H 2 S0 4 , or may be given 
as % Iiee Sulfate as SO a (or S0 4 ). If total sulfate is determined (i.e., the total of 
sulfate as sulfuric acid “bound” by metals) either gravimetrically or turbidimet- 
rically the result is usually termed percentage of total sulfate, and is expressed as 
SO, per cent or SO, per cent. For trace sulfate in high purity hydrochloric acid 
(and certain other chemicals including phosphoric acid, acetic acid, and sodium 
carbonate) a sulfide evolution method is promising. The sample is treated with a 
titanium-phosphoric acid reagent. The hydrogen sulfide formed by reduction is 
swept by carbon diox.de into sodium hydroxide solution, and is then titrated with 

mercury(II) acetate to die dithirone end point. Amounts down to 10 ng of su fme 
may thus be determined.^ Ad- sunate 


40 Quartermain, P. G„ and Hill, A. G„ Analyst, 85, 211, 1960. 
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DETERMINATION OF NITRIC ACID (OR NITRATE) IN 
HYDROCHLORIC ACID 

The methods for nitric acid or nitrate in sulfuric acid (p. 543) are directly applj. 
cable to hydrochloric acid. As the determinations are effected in a sulfuric acid 
medium, a suitable sample of the hydrochloric arid (5 ml. of concentrated acid) is 
added under the surface of 75 ml. of reagent grade sulfuric acid. This required 
dilution reduces the sensitivity of the proceduies accordingly. 

PHOSPHORIC ACID IN HYDROCHLORIC ACID 

Phosphate in hydrochloric acid, where of special interest, may be determined 
by a conventional molybdenum blue procedure using tin(ll) chloride as the re- 
ductant following a preliminary evaporation of a 10-g. sample of the acid with 3 ml. 
of water added to assure the absence of spitting. 47 

DETERMINATION OF RESIDUE ON IGNITION AND SILICA 
IN HYDROCHLORIC ACID 

In hydrochloric acid, the residue on evaporation and the residue on ignition are 
determined in the same maiiuer as for nitric acid (see p. 563), Where of interest, 
silica is determined by treatment of the ignited residue with hydrofluoric acid, 
evaporation, and reweighing. 

Procedure for Silica in Hydrochloric Add.— To the platinum dish containing the 
ignited and weighed residue of the acid, add 5 ml. of reagent grade HF and a few 
drops of concentrated H 2 S0 4 . Evaporate to dryness, ignite at a red heat, and re- 
weigh. The loss in weight corresponds to SiO s . 

o/ c r\ (loss * n we *ght in grams on HF treatment) X 100 
sample weight in grams 

DETERMINATION OF ARSENIC IN HYDROCHLORIC ACID 

The methods and references above, relating to the determination of arsenic m 
sulluric acid (p. 546) arc pertinent to the determination of this clement in li)dio- 
chloric acid. For the Gutzeit method, a known amount of this arid (25 to 50 g.)» 
after addition of 0.5 ml. of concentrated nitric acid (to assure retention of arsenic) 
and 0.8 g. of FeNH 4 (S0 4 ) 2 - 12H..O, is evaporated on a hot plate until no further 
hydrogen chloride is evolved, and just to the appearance of sulfur trioxide fumes. 
The general Gutzeit procedure is then applied (see Vol. I, pp- 118-124). 

DETERMINATION OF IRON IN HYDROCHLORIC ACID 

The determination of iron in hydrochloric acid parallels the thiocyanate proce- 
dures for iron in sulfuric acid (see p. 549), following the evaporation of hydrochloric 
acid (completed on a steam bath to assure a soluble residue and with sodium 
carbonate added). Often 10 ml. of 1:1 sulfuric arid are added to 100 g. of the 
hydrochloric acid (or another amount, depending on the iron content) and t te 
solution is evaporated to strong sulfur trioxide fumes. The residual solution n 
then transferred to a 100-ml. volumetric flask (or Nessler tube) with water rinses. 

47 United Kingdom Atomic Energy Authority. P. G. Kept. 76(W), Analytical Method* 
for the Inspection of Hydrochloric Add, H. M. Stationary Office, London, I960. 
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/The volume is then about 60 ml.) The thiocyanate procedures given for sulfuric 
Lid are thereupon followed ( P . 549). Where the residue on 

termined, the residue may be digested with about 5 ml. of 1.1 hydrochloric acid 
/with the dish covered with a watch glass), then evaporated to dryness taken up m 
about 35 ml. of 1:6 hydrochloric acid and 10 ml. of 1:1 sulfuric acid, and evapo- 
rated until the volatilization of hydrogen chloride is complete (not to sullur 
trioxide fumes). The residual solution is transferred as above 


DETERMINATION OF FREE CHLORINE IN 
HYDROCHLORIC ACID 

The examination of free chlorine in hydrochloric acid may range from a limit 
test to a quantitative determination, depending on the amount of chlorine piesent 
and the grade of the acid. Two general approaches are utilized: oxidation of 
iodide to iodine and evaluation of its color or its titration with thiosulfate; or 
evaluation of die color developed by the reaction of o-tolidine with the free 
chlorine. It is imperative that water used for dilution and glassware be free of a 
“demand” for free chlorine (see remarks, Vol. I, p. 335). 

Procedure for Free Chlorine Based on Iodometric Titration. 48 — Transfer a 50-ml. 
sample of the (concentrated) HC1 to a 250-ml., glass-stoppered conical flask. Add 
50 ml. of water. Cool the solution to below 25°C. in order to secure a satisfactory 
end point. Add 5 ml. of 1% KI solution (1 g. of KI in 100 nil. of water with 2 
drops of 0.1 N NaOH added to obviate aerial oxidation of iodide). (The relatively 
small amount of KI used reduces any iron intereference.) Stopper the flask, mix, 
and allow to stand 1 min. Add starch indicator, and titrate to the disappearance 
of the blue color with 0.01 N Na^Og. 


% Free Chlorine = 


(milliliters of Na 2 S 2 Q 3 ) X (normality ofNa 2 S 2 Q 3 ) X 0.03545 X 100 
weight of sample in grams 


Remarks.— In routine analysis, it is probably best to standardize the 0.01 IV 
Na 2 S 2 0 3 against weighed amounts of iodine under the conditions of this titration. 

Visual Procedure for Free Chlorine Based on Iodide Oxidation.— Add a 20-ml. 
sample of the (concentrated) HC1 to 40 ml. of water, cooled to 4 to 6°C., contained 
in a 250-ml. beaker. Add 10 ml. of a Kl-starch reagent (0.4 g. soluble starch and 
7 ml. cold water slurried, diluted to 100 ml. with boiling water, cooled, 0.2 g. of 
KI added and stirred to dissolve; store in a glass-stoppered, brown bottle for a 
maximum of 3 days). No blue color should develop in 10 min. (compared with 
equal volume of water) against a white background under diffuse illumination. 
In absence of color, the free chlorine corresponds to 0.00001% or less. 

Remarks.— Such iodine procedures can be made semiquantitative by the use of 
standards prepared from a stock sodium hypochlorite solution. Iron can be masked 
(if present at greater than 0.00001%) by the addition of pyrophosphate ion. A 
fui ther limit test is based on the omission of the starch and extraction of any iodine 
formed into a 1-ml. layer of CS n . 3 


Procedure for Free Chlorine Employing o-Tolidine. 48 -Add a 25-ml. sample of 
(concentrated) HC1 to a 250-ml. beaker containing 60-70 ml. of water coo ed to 
4 to 6 C. by a water-ice bath. Transfer to a 100-ml. Nessler tube. Adjust the 

“ J"* e * ure ' counes >* General Chem. Div., Allied Chem. Corp. 

Piocedure, courtesy, E. I. DuPont cle Nemours & Co., Inc.^ 
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temperature to 20 to 25 e C., introduce by a pipet 5 ml. of o-tolidine reagent (0.5 g. 
of o-tolidine hydrochloride ground to a paste in a mortar with 2.5 ml. of HCI ( 1 : 4 ) 
transferred to a 500-inl. graduated cylinder, diluted to 250 ml. with water, and then 
to 500 ml. with HCI (1:4); store away from direct sunlight in a glass-stoppered 
brown bottle, and discard after 5 months). Compare the sample preparation within 
30 min. with a series of permanent color standards in matched Nessler tubes, by 
looking down through the solutions against a white background diffusely illumi- 
nated (avoid direct sunlight since it fades the sample preparation). 

The permanent sunulaids consist of mixtures of the volumes specified below of 
Solution A (2.5 g. of K.,Cr.,0 7 . 1 ml. concentrated H..SO.,, diluted to 1000 ml. with 
water) and Solution 11 (1.5 g- CuS0^-5H 2 0, 1 ml. of concentrated HvS0 4 , diluted 
to 100 ml. with water) diluted to 100 ml. with water, and stored in glass-stoppered 
bottles. In use, Nessler tubes are filled with the standards to the same depth as 
the sample preparation. 


Equivalent free chlorine, 

25-ml. sample 

Standard mixture diluted 
to 100 ml. 

% Free Cl 2 

p. p. m. free Cl 2 

Solution A, ml. 

Solution B , ml. 

0.0003 

3 

9 

8 

0.0006 

6 

16 

8 

0 0009 

9 

22 

8 

0 0012 

12 

28 

8 


The standards may he checked by comparison with portions of a stock sodium 
hypochlorite solution, suitably diluted and adjusted in acidity, carried through 
the procedure; the range of the standards may be thus extended. 

Remarks.— Photometric or spectrophotometric o-tolidine procedures are also pos- 
sible, which are similar to those employed for available chlorine in water (see Vol. 
I, pp. 334 and 335), but substituting the above o-tolidine reagent, since the HCI 
sample provides some of the required acidity. 

DETERMINATION OF OTHER IMPURITIES IN 
HYDROCHLORIC ACID 

Other impurities, for example, "heavy metals," zinc, copper, nickel, and lead, 
in hydrochloric acid, if of interest, may usually be determined by the methods 
given above under sulfuric acid. In general, the sample of the acid is initially 
evaporated after addition of concentrated sulfuiic acid. Boion may be determined 
by the photometric method noted under nitric acid (see p. 563). 50 The spectro- 
graphic procedures for trace impurities in high purity nitric acid are diiectly ap- 
plicable to hydrochloric acid (see p. 565). 

so United Kingdom Atomic Energy Authoiity. P. G. Rept. 76(W), Analytical Methods for 
the Inspection of Hydiochlonr Acid, H. M. Stationery Office, London, 1960. 
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ANALYSIS OF REAGENT AND PHARMACEUTICAL GRADE 

HYDROCHLORIC ACID 

For information on the analysis of reagent grade and pharmaceutical grade hy- 
drochloric acid, relevant monographs should be consulted. 51 

PERCHLORIC ACID 

Perchloric acid, HC10 4 , in the technical grade is predominantly offered in the 
70_72<V strength. The U. S. Interstate Commerce Commission prohibits the 
shipment of perchloric acid in excess of 72% concentration. The total acidity of 
die product is usually determined by a direct titration with 1 N sodium hydroxide 
to the phenolplitlialein end point. Impurities commonly determined include 
residue on ignition, chloride, nitrogen compounds, sulfate, heavy metals, and iron; 
determinations are by the conventional procedures without interference by the 
perchlorate anion. In certain of these determinations the perchloric acid sample 
is initially evaporated to dryness. Where of interest, silica (and phosphate) may be 
determined by a conventional molybdenum blue photometric procedure. Reagent 
grade perchloric acid, meeting American Chemical Society specifications, is avail- 
able in 60 to 62% (sp. gr. 1.54) and 70 to 72% (sp. gr. 1.70) strengths, with most of 
the above mentioned impurities controlled. 52 Reagent grade material meeting the 
British Analar standards also includes limit tests for lead, copper, manganese, 
ammonium, arsenic, and chlorate. 53 For additional information on perchloric 
acid, including the density of solutions, the special literature should be consulted. 51 

CHLOROSULFONIC ACID 

Chlorosulfonic acid, CIS0 3 H, is commercially available in bulk quantities, in an 
approximate strength of 62.3° Baume, Heavy (minimum 98.5% C1S0 3 H). Typ- 
ically the product may contain 98.8% total C1S0 3 H; total sulfate as S0 3 , 69.0%; 
total chloride as HC1, 30.9%; sulfuric acid, 0.7%, and free sulfur trioxide as S0 3 , 
0 . 6 %. 


DETERMINATION OF THE CONSTITUENTS OF 
CHLOROSULFONIC ACID 


The establishment of the composition of chlorosulfonic acid may be based on the 
titration of the total acidity, followed by the determination of the chloride content 
of the resulting solution by a precipitation titration with silver (potentiometric or 
Mohr end point). The results of these titrations are expressed as percentage of 
S0 3 and percentage of HC1, and the excess of S0 3 beyond the stoichiometry SO. s -j- 
HC1 = ClSO a H is expressed as percentage of free SO s . This indirect determination 
of free sulfur trioxide, however, often leads to a quite imprecise result because 
the small difference between two large numbers is involved. Although the situ- 
ation may be improved slightly by a gravimetric determination of total chloride. 


si U. S. Pharmacopeia; British Pharmacopoeia; also see footnote 27 p 55 9 
w American Chemical Society, Reagent Chemicals-1960, Washington D C IQfil 

53 British Drug Houses Ltd. and Hopkin & Williams Ltd., Analar Standards for T ni 
tory Chemicals, London, 5th Ed., 1957. andards for Labora- 

51 Schumacher, J. C., ed., Perchlorates: Their Properties Mmnfan,.™ it t, - 
hold Publishing Corp., New York, 1960. ” ’ acture and Uses, Rem- 
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die preferred practice is to employ a temperature-rise method, based on the reac- 
tion of the free sulfur trioxide with added hydrogen chloride to form chlorosulfonic 
acid. 

Procedure for Total Acidity and Chloride Content.— Place about 75 ml. Q f 
0.333 . . . N NaOH fiom a chamber buret (sec footnote 3, p. 530) in a casserole or 
glass-stoppered conical flask. Add the weighed C1S0 : ,H sample (sufficient to con- 
sume about 85 ml. of the 0.333 . . . A r NaOH) via a Dely tube or a sealed glass 
bulb or ampoule. Continue the titration to the methyl orange end point, or 
employ a potentiometric end point. Note the temperature of the NaOH solu- 
tion, and add a correction of 0.00028 ml. per milliliter of 0.333 . . . N NaOH 
added for each degree Centigrade below its standardization temperature; or sub- 
tract the correction for each degree above. 

Titrate the resulting solution with 0.1 .V AgNO a to a potentiometric end point 
(silver wire-calomel electrode pair) or conduct a conventional Mohr titration fol- 
lowing the addition of 2 g- of NaHCO., (see Vol. I, pp. 332-333). For either titra- 
tion technique, establish a blank by titrating a similar amount of the 0.333 ... AT 
NaOH, neutralized appropriately with chloride-free H.,S0 4 , witli 0.1 N AgNO a . 
(For calculation of results see below.) 

Procedure for Free Sulfur Trioxide (Temperature Rise Method). 55 — Employ the 
apparatus shown in Fig. 22-5. Dry thoroughly the Dewar flask and stopper, F, 
containing the disperser, inlet and outlet tubes, at 105-1 lO’C. in an oven. Trans- 
fer to a desiccator and allow to cool. Assemble the fore part of the train, as illu- 
strated, and pass anhydrous HCI until all air is swept out (3 to 5 min.), allowing 
the gas to escape to a hood at the exit from the drying tube, £. Stop the flow of 
HCI from the cylinder, and clamp shut the tubing leaving the drying tube. Insert 
the thermometer, H, in the Dewar flask stopper, add 35 ml. of the ClSO a H 
sample to the Dewar flask (i.c., to a calibration mark on the flask wall), position 
the stopper firmly in place, and connect the inlet tube of this flask to die exit tube 
of the drying tube. Record the temperature of the sample to the nearest 0.1*C. 
Start a slow stream of HCI gas through the train (I to 3 hubbies per sec. in the 
H.,.S0 4 -filIcd flask, D). Note the maximum temperature developed in a short time, 
and persisting for possibly a minute. (The rate of the temperature rise and the 
maximum temperature developed increases with liic free S0 3 content, and 
time die maximum temperature is maintained decreases.) 

Calculation. 


% Free (Uncombined) SO 3 *= (T, uax — 7©) X 0-291 

where T niax and T 0 are the maximum and initial temperatures, respectively. The 
factor 0.291 strictly applies to a definite sample size and to apparatus of fixed heat 
transfer properties; however, the factor can be used for most Dewar flasks with an 
error of only a few per cent relative. For higher accuracy die apparatus should 
be calibrated against ClSO a H with known amounts of S0 3 added. 

Remarks.— Moisture must be excluded from the sample during die determination. 
The H 2 S0 4 and CaS0 4 drying agents should be renewed frequently (every 2 
weeks). When not in use the HCI cylinder should be disconnected and its outlet 
fitted with a drying tube; further, the entrance and exit to the train should be 
protected by drying tubes. The sample size is piob.ibly most expeditiously estab- 

55 Seaman. W.. Woods. J. T., Bank, II. N., Anal. Clicm.. 22, 549. 1950, modified proce- 
dure and apparatus description, tout levy. 11. 1. DuPont de Nemours S: Co, Inc. 
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may fwt be consistent. If the CISO.H (process) sample contains large amounts of 
SO (possibly greater than 3%), it may be necessary to dilute with C1S0 3 H of 
known low free SO. { content, as otherwise too large an amount of HC1 is required. 



Fic. 22-5. Apparatus for Determination of Free S0 3 in Chlorosulfonic Acid: A, cylinder, 
anhydrous HC1; B, float gas flowmeter; C, 1000-nil. filter flask, dry trap; D, 1000-ml. filter 
flask containing reagent grade HoSO^; E, drying tube filled with anhydrous CaS0 4 ; F , 
25-mm. by 100-mm. Dewar flask; G, fritted glass gas disperser; H, thermometer, 20° to 

40°C., 0.1° divisions. 


For the determination of free HC1 in C1S0 3 H by its volatilization at reduced 
pressure, the paper of Korinth should be consulted . 56 

Calculation of the Composition of Chlorosulfonic Acid.— This is based on the 
results of the titrations of total acidity and total chloride content and the determi- 
nation of the free sulfur trioxide by the temperature rise method. From the first 
titration 

% Total Acidity expressed as SO 3 

= (milliliters of NaOH) X (no rmality of NaOH) X 0.040031 X 100 

sample weight in grams 

where the volume of NaOH is corrected for temperature. From the second ti- 
tration 


% Total chloride as HC1 = { ^~ V 1 X ( norm ality of AgNQ 3 ) X 0.03646 X 100 

sample weight in grams 

where V and v are milliliters of AgNO, required by the sample and blank respec- 
t.vely. Since the commercial product has free SO.,, the actual CISO.H present is 

3G Korinth, E„ Angew. Chem., 72, 108, 1960. 
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calculated from the total chloride content (the free chloride content being nerfi- 
gible). Hence % C1S0 3 H = % Total Chloride as HC1 X 3.1958. To calculate the 
total sulfate it is necessary to deduct the acidity due to HC1, suitably expressed 
from the total acidity: % Total Sulfate as S0 3 = % Total Acidity as S0 3 — % Total 
Chloride as HC1 X 1 0979. The free H 2 S0 4 can then be estimated from the fob 
lowing stoichiometry: % Free = (% Total Sulfate as S0 3 - % C1S0 3 H X 

0.6871 — % Free SO a ) X 1.2250. Composition values usually reported include J 
C1S0 3 H, % Total Sulfate as SO a , % Free SO J( % Total Chloride as HCI, and 
% Free H 2 S0 4 - 

DETERMINATION OF IRON IN CHLOROSULFONIC ACID 
The determination of iron in chlorosulfonic acid parallels the visual comparison 
and photometric procedures given above for sulfuric acid (p. 549), following an 
initial evaporation. Typically, 40 or 50 ml. of the chlorosulfonic acid and 8 or 10 
ml. of irori-free sulfuric acid (1:1) are evaporated in a beaker to a volume of 5 to 
10 ml., or to the appearance of turbidity. After cooling. Die beaker walls are 
washed with water and the solution is evaporated to sulfur trioxide fumes. The 
cooled contents of the beaker are transferred to a 100-ml. volumetric flask (or 
Nessler tube) with water rinses. The thiocyanate procedures given for sulfuric 
acid are thereupon followed (p. 549). 

OTHER IMPURITIES IN CHLOROSULFONIC ACID 
Where of interest, other impurities in chlorosulfonic acid may be determined by 
the procedures given for hydrochloric or sulfuric acids, often after an initial evapo- 
ration. 


FLUOBORIC ACID 

Fluoboric acid (tetrafluoroboric acid), HBF 4 , is offered in 48% nominal strength, 
and is receiving increasing commercial attention, especially in electroplating. 

DETERMINATION OF THE COMPOSITION OF 
FLUOBORIC ACID 

The composition of fluoboric acid is usually determined by its hydrolysis under 
reflux in the presence of calcium chloride. The overall reaction is 

HBF 4 + 2CaCl 2 4- 3H a O -> 2CaF 2 + H 3 BO 3 + 4HC1 
The strong acid content is titrated with sodium hydroxide, added in part during 
the hydrolysis. Mannitol is then added and the boric acid content determined by 
titration with sodium hydroxide. From the stoichiometry involved, Die percentage 
of HBF 4 can be calculated and either the percentage of free H 3 B0 3 or the per- 
centage of free HF present. In the usual commercial product, the boric acid is in 
excess (about 3%). 

Procedure. 57 -! n a platinum thimble, weigh a 2-g. sample of HBF 4 and transfer 
with water rinses to a 500-ml. conical flask with a standard taper joint. Add 25 g. 
of CaCI 2 , 2 drops of methyl orange solution, 3 to 5 drops of octanol (as an an ^ 
foaming agent), and several boiling drips or beads. Attadi the flask to a vertical y 
mounted Liebig condenser, and heat the solution to boiling. Prom a bure 

5T Piocedure, courtesy, General Chem. Division, Allied Chem. Corp. 
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mounted above the condenser, slowly add 1 N NaOH to the refluxing solution so 
that the methyl orange just exhibits its acid color. (If the solution is accidentally 
brought to the alkaline side and does not promptly become acid on further reflux 
add some 1 N H 2 S0 4 and apply a correction to the base consumed.) Reflux lor 15 
more min. after the last addition of base; then cool the flask and contents with the 
condenser in place by immersion in a water bath. Wash clown the condensei walls 
with water. Remove the condenser and complete the titration of the cooled hydrol- 
ysis mixture with the 1 N NaOH to the methyl orange end point. Record the 
milliliters required, V 4 . Now add about 35 g. of mannitol (preneutialized, if neces- 
sary) and some phenolphthalein indicator. Titrate with 1 N NaOH to an end point 
persisting for at least 30 sec. Record the milliliters required, V.,. 

Calculation.— In this simple scheme acids other than HBF 4 and either HF or 
H 3 B0 3 are assumed to be absent (or to be present in negligible amounts). The 
result of the first titration step, namely, the total acidity in hot solution, is given 
by 


% Total Acidity (hot) as HBF4 = 


(Fi) X (normality of NaOH) X 0.021953 X 100 
weight of sample in grams 


The result of the second titration step, namely, the total boric acid content, for 
calculation purposes is expressed as HBF 4 : 


% Total H3BO3 expressed as HBF4 


(F>) X (normality of NaOH) X 0.08781 X 100 
weight of sample in grams 


The lower of these two percentages is reported as die HBF 4 content. If the second 
percentage is greater than the first, as is usual for the commercial product, report 
the difference as % Free H 3 B0 3 = (% Total H 3 B0 3 expressed as HBF 4 - % Total 
Acidity (hot) as HBF 4 ) X 0.7042. If the second percentage is the smaller, report 
the difference as % Free HF = (% Total Acidity (hot) as HBF 4 - % Total H 3 B0 3 
expressed as FIBF 4 ) X 0.91 13. 

The percentage of HBF 4 here determined neglects any acidity due to the pres- 
ence of H 2 S0 4 and HoSiF 6 . If these are determined, a correction can be applied 
(see below). 

A more sophisticated scheme for the analysis of fluoboric acid has been devised 58 
in which the fluosilicic acid and sulfuric acid contents are determined, and a correc- 
tion is applied to the fluoboric acid content, determined by a procedure essentially 
similar to that given above. The consideration is here limited to the usual case 
where free boric acjd, rather than free hydrofluoric acid, is present. 

Procedure for Sulfuric Acid.-Evaporate a 10.0-g. sample of the HBF 4 in a 
platinum dish on a steam bath until white fumes cease (about 2 hr.). Add 10 ml 
of water and evaporate. Repeat the addition of water and the evaporation until 
the vapor no longer has the pungent odor characteristic of HBF 4 Add 9 5 m i of 
water and titrate with 0.5 N NaOH to the phenolphthalein end point 


% H 0 SO 4 = ( m *^ ters of NaOH) X (normality of NaOH) X 0.04904 X 100 

weight of sample in grains 

5S Ffisik, H., Swinehart, C. F., and Bumblis, A. R., Harshaw Chem rv, • r c n j 
see Booth, H. S„ and Martin, D. R„ Boron Trifluoride and T^ TIpWv 7 C \ f ? ful1 detalls 
Sons, New York, 1949, 230-238. d 1 Dematu ’ es , John YViley and 
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Remarks.— If the residue is solid, as is the case if the HBF 4 has been allowed to 
stand for protracted periods in contact with glass, sodium and other metal, salts 
aie piesent and the determination of sulfuric acid fails. In such a case, the percent- 
age of total solids may be determined by weighing the final lesidue after drying at 
105°C. in an oven. 

Procedure for Fluosilicic Acid.— Weigh and transfer a 2-g, sample of the acid into 
a 150-ml. beaker with 25 ml. of water; add 1 g. of solid KNO,, stir to dissolve, and 
add 30 ml. of ethanol or 2-propanol. Stir, co\er the beaker, allow to stand for 1 hr. 
Filter the precipitate of K.jSiF 0 ant * KBF 4 through a Gooch crucible or paper. 
Wash the precipitate with (1:1) portions of ethanol-water or 2-pro panol-wa ter con- 
taining 2% KNOj and made alkaline (faint pink color with phenolphthalein). 
Continue until the further washing is free of acidity (one drop of 0.1 A r NaOH 
produces pink color with phenolphthalein). Place die crucible or paper in the 
original beaker, add 100 ml. of water, heat to ■10 ,, C. (and not above 50 fl C.) until the 
piccipitatc dissolves (and H.jSiF a only is hydrolyzed). Titrate with 0.5 N NaOH 
to the phenolphthalein end point (faint pink persisting for 15 sec.). The titration 
results correspond to 4 of the 6 fluorine atoms in HvSiF 6 . 

or u c-rr (milliliters of NaOH) X (normality of NaOH) X 0.03602 X 100 

/O H 2511*6 a . .. — — , —— - 

sample weight in grams 

This procedure may give slightly high results. 

Calculations.— From the initial determinations, values are known for % Total 
Acidity (hot) as HBF 4 and for % Total H 3 1I0 3 expressed as HBF 4 (see "Calcula- 
tions,'’ on p. 575). From the independent determinations given above, values for % 
H 2 S0 4 and % H 2 SiF 0 are obtained; these last percentages are reported. In addition, 
the actual percentage of HBF 4 and actual percentage of Free H 3 B0 3 are calculated 
as follows and reported; the Actual % HBF 4 = % Total Acidity (hot) as HBF 4 - % 
H 2 S0 4 X 0.4477 - % H 2 SiF„ X 0.9141. Actual % Free H 3 B0 3 ^ (% Total H 3 B0 3 
expressed as HBF 4 — Actual % HBF 4 ) X 0.7042. (These two calculations apply in 
the usual case where the product contains free H 3 B0 3 ; where free HF is present, 
analogous equations may be derived from the stoichiometry involved.) 

DETERMINATION OF CHLORIDE IN FLUORORIC ACID 

Where of interest, trace chloride in fluoboric acid may be determined turbidi- 
metrically essentially after the procedure described for nitric acid (see p. 5G1). 

DETERMINATION OF LEAD AND COPPER IN 
FLUOBORIC ACID 

Where of interest, lead may be determined in fluoboric acid turbidimetricaUy 
as lead sulfide (essentially by the procedure in Vol. I, pages 573-576) after re- 
peated evaporations with hydrochloric acid additions. Copper may be deter- 
mined after the procedures given for this metal in sulfuric acid (page 551) following 
an initial evaporation with sulfuric acid added. 

SPECTROGRAPHIC DETERMINATION OF IMPURITIES IN 
FLUOBORIC ACID 

For the spectrographic examination of fluoboric acid, die following technique of 
sample preparation is expedient as contamination from glass, and the addition o 
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artifacts from the neutralizing base are avoided by use of aerial diffusion of am- 

m< Procedure.— Pipet aliquots of die fluoboric acid into two small polyethylene ves- 
sels (e.g, slip-on caps for vials, 16-mm. diameter, 8-mm. depth). Transfer the filled 
vessels, and also a crucible containing aqua ammonia, to a desiccator or other suit- 
able closed container. Allow to stand until one aliquot is found to be alkaline to 
indicator paper; discard this aliquot. Place the second aliquot under an infrared 
lamp; bring to dryness, and transfer the entire residue to the graphite electrode, 
and proceed with the spectrographic excitation (see pp. 552 and 565). Discard the 
polyethylene vessels. 

Remark.— -This elegant neutralization technique is applicable to other acidic solu- 
tions. Some workers prefer to use a cup electrode without prior neutralization or 
evaporation of the fluoboric acid sample. 


FLUOSILICIC ACID 

Fluosilicic acid (fluorosilicic acid, hydrofluorosilicic acid, hydrofluosilicic acid, 
hexafluorosilicic acid, silicofluoric acid), H 2 SiF 8 , is offered commercially usually 
as a 30% aqueous solution (sp. gr. 1.27) and also in a reagent grade (30 to 32% 
H 2 SiF 6 )! 

FLUOSILICIC ACID CONTENT 

The determination of the fluosilicic add content of fluosilicic acid is often based 
on hydrolysis of the acid and titration with sodium hydroxide. 

H 2 SiF 6 + 2KNO a + 2NaOH K 2 SiF 6 | + 2NaNO s + 2H 2 0 

K 2 SiF 6 + 4NaOH Si0 2 + 4NaF + 2KF + 2H 2 0 

Procedure. 00 — Add a suitable sample of H 2 SiF e (3 g.) to 25 ml. of ice-cold water 
in a 150-ml. beaker. Add 1 g. of solid KN0 3 , stir to dissolve, and add 30 ml. of ice- 
cold ethanol. Cool in an ice-water bath and titrate rapidly with 1 N NaOH to the 
phenolphthalein end point. Record the volume of NaOH consumed (and correct 
for its temperature in the buret). 

% Total Acidity as H 2 SiF6 

_ (milliliters of NaOH) X (norm ality of NaOH) X 0.072046 X 100 

sample weight in grams 

where the volume of NaOH is corrected for temperature. 

Now heat the solution to 80°C. and titrate further with 1 N NaOH Record 

the volume of NaOH consumed in the second titration (and correct for its tem- 
perature in the buret). 


% Total H 2 SiF 6 = of NaQH ) X (normality of NaO H) X 0.036023 X 100 

sample weight in grams ’ 

where the volume of NaOH is corrected for temperature. 

If no other acids are present, the consumption of NaOH in the second titration 

rn E ' Mai ”«, T - J* Chemist-Analyst, 50, 13, 1961 

’ Jacobson, C. A., J. Phys. Chem., 27, 577, 761, 1923; ibid., 28, 506, 1924. 
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should be double that in the first. Hence, from the difference in the two titrations 
the total of other acids can be calculated and is usually expressed as HF: °f HF - 
(% Total Acidity as H 2 SiF„ - % H,SiF„) X 0.278. 

Remarks.— A negative correction of 0.6% H.>SiF 0 has been recommended to com- 
pensate for the consumption of NaOH by silicic acid. fi ° Free silica, where present 
in significant amounts, may be estimated from the difference in the first titration 
conducted with and without die addition of (neutral) fluoride. A more elegant 
procedure for fluosilicic acid high in silica has been reported. 61 

A less exacting approach. 02 is to titrate a sample of H 2 SiF 0 (3 g.) with NaOH 
to the phenolphthalcin end point at room temperature; then to heat to 70 to 
80°C., and titrate with NaOH to a permanent pink. The total volume of NaOH 
required is used to calculate the percentage of total acidity as H 2 SiF 6 , which may 
be simply taken as die percentage of H 2 SiF c . 

,rt c-t- (milliliters of NaOH) X (normality of NaOH) X 0.024015 X 100 

% I I2-51I' a = ; . . . — 

sample weight jn grams 

where the volume of NaOH is corrected for temperature. 

DETERMINATION OF RESIDUE ON IGNITION FOR 
FLUOSILICIC ACID 

The determination of the residue on ignition for fluosilicic add is frequently 
accomplished by addition of a few drops of sulfuric acid to a suitable sample 
(5 g.), and evaporation followed by ignition. Some workers prefer to add some 
hydrofluoric acid (2 ml.), as well as sulfuric acid (2 drops), to assure volatilization 
of silica. 

OTHER DETERMINATIONS FOR FLUOSILICIC ACID 

Where of interest, the determination of iron, diloridc, sulfate, and “heavy met- 
als” in fluosilicic acid parallels the procedures given for sulfuric acid. For the 
determination of iron, a suitable sample is evaporated twice after the prior addi- 
tion of 2 ml. of HCi, and the thiocyanate procedures given for iron in sulfuric 
acid are employed (p. 549). For the determination of chloride, a 5-g. sample is 
evaporated to dryness after die addition of 15 nig. of sodium carbonate, die residue 
is taken up in water, and the turbidimetric procedure for chloride in sulfuric acid 
applied (p. 542)- For the determination of heavy metals, the general procedure 
given under sulfuric acid (p. 548) is appropriate. 

FLUOSULFONIC ACID 

Fluosulfonic acid, FSOgH, is offered commercially in a 96% technical grade. 
The product is usually manufactured to contain about 1% free sulfur trioxide; 
on a custom-basis, however, it can be supplied with an excess of hydrofluoric acid. 
The most expeditious approach to the determination of the composition of the 
usual product is a conductometric titration of free sulfur trioxide with water and 
measurement of the specific conductivity at the point where all of die free sulfur 
trioxide has been converted to sulfuric acid. The conductivity value is related 
to die composition by the use of tables. (If the product contains free hydrofluoric 

81 Thomsen, S. M., Anal. Chem., 23, 973, 1951. tn „ 

6 2 Kern, E. F., and Jones, T. R., Trans. Am. Electrochera. Soc., 57, 273, 1930. 



579 


COMMERCIAL ACIDS AND BASES 


acid, a known amount of 100% sulfur trioxide is added initially.) 
is determined by an iodimetric titration similar to that employed 
(see p. 545). 03 


Sulfur dioxide 
for sulfuric acid 


HYDROFLUORIC ACID 

Hydrofluoric acid, HF, is offered commercially as anhydrous liquid hydrogen 
fluoride (99.6% and 99.9% minimum) in steel cylinders, and as aqueous solutions, 
the usual strengths being 30, 45, 52, 60, and 70% HF. Reagent grade hydrofluoric 
acid, meeting American Chemical Society specifications, is available as to / o 
HF. The analyst should be alerted to the special hazards associated with the 

handling of this acid. 64 

The analysis of anhydrous hydrogen fluoride generally parallels that of the 
aqueous solution following initial solution of the sample with water-ice or frozen 
sodium chloride solution. As special handling techniques and precautions are in- 
volved, however, the special literature should be consulted. 65 Indeed, that litera- 
ture is best consulted for additional details on the analysis of the anhydrous acid. 

For the analysis of acid etch mixtures containing hydrofluoric acid, see p. 585. 

The analysis of hydrofluoric acid has been facilitated in recent years by the 
availability of plastic laboratory ware, which can be substituted for the platinum, 
silver, or wax-lined vessels formerly employed in many operations. Hydrofluoric 
acid can be evaporated at temperatures as high as 200°C. 66 in dishes machined 
from polytetrafluoroethylene (Teflon). 


DETERMINATION OF HYDROFLUORIC ACID AND 
FLUOSILICIC ACID IN HYDROFLUORIC ACID 
The total acidity of hydrofluoric acid is often determined by an alkalimetric 
titration in cold solution in the presence of potassium nitrate, which precipitates 
potassium fluosilicate. The resulting solution is then heated, thus hydrolyzing 
fluosilicate, and the additional acidity developed is titrated alkalimetrically (for 
relevant equations, see p. 577). From these results and the independent determina- 
tion of sulfuric acid and of sulfurous acid, the actual hydrofluoric acid content is 
calculated. Alternatively, and especially where only a relatively small amount of 
fluosilicic acid is present, the total acidity is determined by the alkalimetric titra- 
tion in hot solution, and the fluosilicic acid content is determined independently 
by a photometric silicomolybdate procedure. 

Titrimetric Procedure for Total Acidity in Cold Solution.-In a platinum 
weighing tube, with a platinum wire loop attached to the lid (to facilitate its 
removal with a plastic stirring rod), establish a suitable sample (2.5 g. of 70% HF). 
Place 10 ml. of saturated KNO s solution, some chipped ice, 75 ml. of 1 N NaOH 
(from a chamber buret) and some drops of phenolphthalein indicator solution in 
a polypropylene beaker. Now invert the weighing tube beneath the surface of the 


65 Personal communication, M. R. Singer, Allied Chemical Corp 

64 See Manufacturing Chemists’ Association, Inc., 1825 Connecticut Avenue N W Wash 

mgton, D. C„ Chemical Safety Data Sheet SD-25, Hydrofluoric Acid, 48 pp Ha^ It hat 
a magnesium oxide-glycerin paste and, on any suspicion of contact with hydrofluoric arid 
apply to the skin after prolonged flushing with cold water. ) d ’ 

65 Swinehai t, C. F., and Flisik, H. F., Ind. Eng. Chem., Anal Fd Ifi 41 Q toaa* cs 

W. B„ et al„ ibid., 16, 483, 1944; Cook, C. D„ and Findlater F f "t t r'h ? ’r ^ ' 
K59 1 947; Phillips Petroleum Co., Hydrofluoric Acid Alkylation Chapter"? 185' 266 

66 Sentementes, T. J., and De Sesa, M. A., Chemist-Analyst, 44, 54, S ’ ^ 66 ' 
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liquid and cautiously remove the lid. Allow the acid to mix gradually. Leave 
the tube and lid in the solution. Complete the titration with 1 N NaOH to the 
first permanent pink color, while maintaining the ice temperature. Allow the 
buret to drain and read the volume ol NaOH delivered. Note the temperature 
of the NaOH solution, and add a correction of 0.00032 ml. per milliliter of l jv 
NaOH added for each degree Centigrade below its standardization temperature, 
or subtract the correction for each degree above. (Then proceed to the determina- 
tion of the fiuosilicic acid content by the titration procedure given below.) 

% Total Acidity (cold) as HF 

_ (milliliters of NaOH) X (normality of NaOH) X 0,0 20006 X 100 
sample weight in grams 

where the volume of NaOH is corrected for temperature. When the percentages 
of HjjSiF w , and H«SO a have been determined, the actual HF content nuv 

be calculated: % HF = % Total Acidity (cold) as HF — % H.,SiF 0 X 0.2777 -% 
H s SO < X 0.4080 -% HJ>O a X 0.1875. 

Titrimetric Procedure for Total Acidity in Hot Solution.— proceed as in the 
above titration in cold solution, but substituting 50 ml. of C0 2 -free water for the 
ice and KNO s solution. Titrate the solution at room temperature to an approxi- 
mate end point. Then heat the solution to boiling and complete the titration in 
the hot solution with 1 N NaOH to a permanent pink color. 

% Total Acidity (hot) as HF 

_ (milliliters of NaOH) X (normality of NaOH) X 0.02001 X 100 
sample weight in grams 

where the volume of NaOH is corrected for temperature. When the percentages of 
HoSiF 0 , H.,S0 4 , and H,S0 3 have been determined, the actual HF content may 
be calculated: % HF ='% Total Acidity (hot) as HF - % H 2 SiF 8 X 0.8331 - % 
H a .S0 4 X 0.4080 - % H 2 S0 3 X 0.4875. 

Titrimetric Procedure for Fiuosilicic Acid.— Heat the solution remaining from 
the titration of the total acidity in cold solution (see above) to about 80*0. and 
titrate with 1 N NaOH to the first permanent pink color. 

nr lt c-r- (milliliters of NaOH) X (normality of NaOH) X 0.03602 X 100 
/o rt20it*6 1 ~ - - ■ j \ - * ^ ^ 

sample weight m grams 

where the volume of NaOH is corrected for temperature. 

Photometric Sili comolybdate Procedure for Fiuosilicic Acid.* 7 — Place 5 ml- of 
4% NaCl solution in a platinum dish, and place in a casserole containing crushed 
solid carbon dioxide until the solution freezes solid. Wipe the outside of the dish 
and weigh on a torsion balance. Return the dish to the casserole. Add a sample 
of die HF containing 0.0005 to 0.0050 g. of H 2 SiF Q (expediently from a plastic 
pipet) and reweigh the (wiped) dish. Allow the disli to stand until the ice is 
melted. Then place on a hot water bath, and evaporate to dryness. Wash down 
the walls of the dish with about 15 ml. of water, thus dissolving the residue. Add 
10 ml. of saturated H 3 BO a solution and heat nearly to boiling. Cool to 38 C, 

67 Procedure, courtesy, General Chem. Div., Allied Chem. Corp.; based on Cade. C. N., 
hid. Eng Chem., Anal. Ed., 17, 372, 1915. 
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add 2 ml. of 5 IV H 2 S0 4 and mix. Filter through retentive filter paper into a 
50-ml. volumetric flask with rinsing of the dish and filter with warm water. Cool 
to 26 to 30°C. and add 5.0 ml. of a freshly filtered 10% ammonium molybdate 
solution while swirling the flask, dilute to the mark with water, and mix. Allow 
to stand 10 min. Measure the absorbance of " the solution against water using a 
blue (425 m/i) filter. Calculate the percentage of H 2 SiF 6 from a standard curve 
prepared by carrying known amounts of Na 2 Si0 3 through the proceduie, starting 
with the establishment of a volume of 15 ml. and the addition of 10 ml. of H 3 B0 3 . 

Remarks.— A reagent blank correction may be secured by conducting the pro- 
cedure omitting the addition of the HF sample and the cooling, heating, and filtra- 
tion steps. Where required accuracy warrants, a more satisfactory blank may be 
established by carrying two different, known amounts of HF, low in H 2 SiF G through 
die procedure, and extrapolating to a nil amount of HF. Phosphate interferes to 
a limited extent and, where present, a further sample of the HF may be evaporated 
without the addition of NaCl and the procedure then applied; the phosphate 
found, expressed as % H 2 SiF c , may be applied as a correction to the result in 
the determination of % H 2 SiF 6 . A modified procedure requiring neither an ini- 
tial evaporation nor neutralization of HF has been reported. 68 

A molybdenum blue photometric procedure is also serviceable. 69 Where large 
amounts of silica are encountered in process samples, a gravimetric method is ap- 
plicable based on the precipitation of the 8-hydroxyquinolinium molybdosilicate 
moiety. 

DETERMINATION OF SULFURIC ACID IN HYDROFLUORIC 

ACID 


Sulfuric acid (i.e., nonvolatile acidity) is determined in hydrofluoric acid follow- 
ing the procedure for this acid in fluoboric acid (see p. 575). 

DETERMINATION OF SULFUR DIOXIDE (SULFUROUS ACID) 
IN HYDROFLUORIC ACID 

Sulfur dioxide (or sulfurous acid) may be determined in hydrofluoric acid by a 
conventional iodimetric titration. The sample is best weighed into a polyethylene 
beaker containing water. 

Procedure.-Weigh a polyethylene beaker containing a polyethylene stirring rod 
and 150 ml. of ice-cold water on a torsion balance. Add about 30 «• of HF and 
reweigh to establish die sample weight. At once add starch indicator and titrate 
with 0 1 N iodine to a permanent blue. To establish a blank, titrate similarly 
150 ml. of the ice-cold water. ; 


% sOo = ^ — p ) X ( normaIit y of i odine) X 0.03203 X 100 

sample weight in grams 

where V and v are the milliliters of iodine consumed by the samnle n . 
respectively. The factor for % H 2 S0 3 is 0.04104. Y P ^ bla,lk 

66 Jewsbury, A., Analyst, 75, 256, 1950. 

69 Brabson, J. A., Mattraw, H. C.. Maxwell c tr tw. , 

Anal. Chem., 20, 504, 1948. ’ ' E ‘* Dairow > A -, and Needham, M. F., 
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DETERMINATION OF RESIDUE ON IGNITION FOR 
HYDROFLUORIC ACID 

In hydrofluoric acid, the residue on ignition is determined by evaporation of a 
suitable sample of the acid (15 to 20 g.), and gentle ignition of the residue. 

DETERMINATION OF IRON IN HYDROFLUORIC ACID 

The determination of iron in hydrofluoric acid parallels the thiocyanate proce- 
dures for iron in sulfuric acid (see p. 549), following the complete removal of hydro- 
fluoric acid by a double evaporation. A suitable sample of the acid is weighed 
into a platinum dish and evaporated on a hot plate. The residue is dissolved, with 
swirling, in 2 ml. of sulfuric acid and 5 ml. of hydrochloric acid, and evaporated 
to dryness. The same amounts of the two acids are again added and tire solution 
is just taken to sulfur trioxide fumes. The residual solution is then transferred 
to a 100-ml. volumetric flask (or Nessler tube) with water rinses and the thio- 
cyanate procedures given for sulfuric acid are thereupon followed (p. 519). 

DETERMINATION OF "HEAVY METALS" IN 
HYDROFLUORIC ACID 

The determination of “heavy metals" in hydrofluoric acid may be effected by 
the general procedure given for sulfuric acid (see page 548) with sodium carbonate 
added in the initial evaporation. 

WATER CONTENT OF HYDROFLUORIC ACID 

The Karl Fischer titration is directly applicable to the determination of hydrous 
hydrofluoric acid at least in the 50% strength region, the sample (0.3 g.) being 
added directly to 25 ml. of absolute methanol. 09 * Tin's titration can also be applied 
to the determination of the water content in the substantially anhydrous region 
above about 90% HF employing a pyridine or pyridine-methanol medium. For 
this high strength region, a concentration method is also useful. A weighed sample 
in a special boiler fabricated of platinum is placed in a steam bath and is evapo- 
rated until the boiling point reaches exactly 90°F. The residue, which corresponds 
to a 90% HF-10% H 2 0 composition, is weighed. The water content of the orig- 
inal sample may then be calculated, applying a correction for any nonvolatile 
acid present in significant amounts. 1 ° 3b 

OTHER IMPURITIES IN HYDROFLUORIC ACID 

Where of interest, other impurities in hydrofluoric acid may be determined by 
the procedures given for other mineral acids. Trace chloride may be determined 
turbidimetrically, phosphate by a photometric molybdenum blue procedure after 
initial evaporation, and arsenic by the general Guueit procedure after an initial 
evaporation with added sulfuric acid. Copper, lead, and nickel may be deter- 
mined by photometric methods. The spectrograph ic examination of trace impuri- 
ties in hydrofluoric acid parallels that given lor nitric acid (see p. 565). For the 
analysis of reagent grade hydrofluoric acid, relevant monographs should be con- 
sulted (see footnote 27, p. 552). 

688 Mitchell, J., and Smith, D. M., Aquametry, Intersrience, New York, 1918, p. 243. 

88b Procedure, General Chem. Dtv., Allied Chem. Corp. 
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PHOSPHORIC ACID 

Phosphoric acid (i.e., ortho-phosphoric acid), H 3 P0 4 , is commonly offered m the 
technical grade in strengths o£ 50, 75,, and 85% H 3 P0 4 and in a food grade as 
50^ and 75%. Products containing more phosphorus pentoxide than present in 
100°/ phosphoric acid are receiving increasing commercialization and the 105% 
HoPO, strength (i.e., 76% Total P 2 O s ) is well-established. A reagent grade meet- 
ino- American Chemical Society specifications, has a strength of So-8/%, rl 3 PU 4 . 
Specific gravity-composition data for 30-110% phosphoric acid are given in the 
table on page 622. For information on the analysis of alkaline phosphates, com- 
plex phosphates and lower oxy-acids of phosphorus, see Vol. I, Chapter 35. 


PHOSPHORIC ACID CONTENT 

Since phosphoric acid is a nonvolatile acid, no special precautions are needed 
in the establishment of its phosphoric add content. 


PHOSPHORIC ACID CONTENT BY SPECIFIC GRAVITY 

Since die specific gravity of aqueous solutions of phosphoric acid increases regu- 
larly and shows considerable spread over the entire range of concentrations en- 
countered in commercial products, hydrometer measurements are favored for prod- 
uct control. 

Procedure for Specific Gravity by Hydrometer.— With a hydrometer graduated 
to read specific gravity at 15.5°C. (or 60°F.) compared to water at 15.5°C. (or 60°F.), 
take the hydrometer reading of the H 3 P0 4 sample at room temperature (21-29°C.) 
taking the usual precautions (see page 534). Also record the temperature. (If the 
hydrometer and associated thermometer have been calibrated, correct the values 
accordingly.) Calculate the specific gravity at 25°C. compared to water at 15.5°C. 
from the allowances for temperature given at the end of the table on page 622 
and from that table the % H 3 P0 4 . For some purposes the result is expressed as 
% P 2 0 5 = H 3 P0 4 X 0.72426. 

Example.— For a H 3 P0 4 sample a hydrometer value of 1.568 was found at 28.1°C. 
(as corrected for the hydrometer and thermometer calibration data). From the 
table (page 622), the approximate strength is 75% H 3 P0 4 ; hence, the allowance 
per degree, according to the table, is 0.00075. Hence, specific gravity 25715.5°C. 
= 1.568 + (28.1 — 25.0) X 0.00075 = 1.570. Therefore by interpolation in the table, 
the % H 3 P0 4 is found to be 74.60%. The % P 2 0 5 = 74.60 X 0.72426 = 54.03%. 


PHOSPHORIC ACID CONTENT BY TITRATION 
Only the first two hydrogens of phosphoric acid are sufficiently strong to permit 
their simple, direct titration with a strong base in an aqueous medium. However, 
die visual titration of either of the hydrogens requires special considerations in 
order to secure satisfactory results; hence a potentiometric titration is often pre- 
ferred using a pH-meter with a calomel-glass electrode pair. Where other strong 
acids are present, die difference in the results of the titration to the pH value! 
represented by the first and second hydrogens corresponds to phosphoric acid only 
(see Vol. I pages 816-818 for further details). Where high precision and selectiv- 
ity is sought, as in referee analysis, eidier a magnesium pyrophosphate eravimetrir 

method (Vol. I, page 812) or a phosphomolybdate titrimetric method (Vol I pa <*e 
814) is recommended. v F ° 
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DETERMINATION OF SULFATE IN PHOSPHORIC ACID 

Where encountered in sufficient amounts, sulfate may be determined gravimet- 
rically as barium sulfate by the conventional procedure (Vol. I), following initial 
boiling of the diluted phosphoric acid sample with hydrochloric acid (Vol. I, page 
862). Trace amounts of sulfate may be determined by a sulfide evolution method 
(see Vol. I, page 862, and this volume, page 5G7). 

DETERMINATION OF "HEAVY METALS” IN 
PHOSPHORIC ACID 

Heavy metals are determined In phosphoric acid essentially by the procedure 
of the National Formulary, For further information on the "heavy metals" con- 
cept, see page 548. 

Heavy Metals Procedure .— Place a suitable sample of H 3 P0 4 (1 g. of 85% 
H 3 P0 4 ) in a 50-ml. Ncsslcr tube, add about 10 ml. of water and 5.5 ml. of 1% 
NaOH solution. Stir and dilute to about 25 ml. with water. Now add 10 ml. of 
saturated H«S water, stir gently, and dilute to 50 ml. with water. Compare the 
color developed with that of standards containing 0 to 0.05 mg. of lead (as the ni- 
trate salt) and 2 ml. of 1 N acetic acid (omitting die NaOH addition). As a pho- 
tometric procedure compare the unknowns and standards against water using a 
blue filter. Express the result as % Heavy Metals as Lead = (mg. of Pb in stand- 
ard matching the sample preparation) X 0.1 (sample weight in g.). 


DETERMINATION OF OTHER IMPURITIES IN 
PHOSPHORIC ACID 

Arsenic is determined in phosphoric acid, especially for the purity grades, by 
the modified Gutzeit method given in Vol. !, page 757, with an increase in sample 
size, if appropriate. Fluoride is determined by a Williard-Winter distillation with 
perchloric acid added, followed either by a precipitation titration or a photometric 
determination (see Vol. I, Chapter 18 and page 842, also the lemark in this volume 
on page 562). Iron may be determined photometrically by an o-phenanthro- 
line procedure (see Vol. I, page 553): however, the reduction of iron(III) is prefer- 
ably effected with sodium dichiov.ite in \\ citrate medium at pH 5-6. 70 Aluminum 
in substantial amounts in crude phosphoric acid may be determined gravimetrically 
by an 8-quinolinol procedure or small amounts by a photometric aluminon pro- 
cedure (see Vol. I, page 856). Calcium in crude phosphoric acid may be deter- 
mined by classical methods (Vol. I, Chapter 11) or probably best by an ethylene- 
diaminetetraacetate titration at pH 12-12.5 with murexide, Calcon, or other suit- 
able metal indicator (see Vol. I, page 265), following removal of the bulk of the 
phosphate by precipitation with iron(lll) and filtration, 71 by solvent extraction of 
the phosphomolybdate moiety 72 (see Vol. I, page 858). or by anion exchange. 73 
For the analysis of pharmaceutical grade and reagent grade phosphoric acid, rele- 
vant monographs should be consulted (National Fairnulary and works cited in 
footnote 27 on page 552). 


’oGrat-Cabanac, M , Anal. Chim. Acta, 17, 588. 1957. l0 ,„. 

71 Lasiewicz, K., Byczyriskj, B , and Zawadzka, H., Chem. Anal. (Warsaw), 3, HMl. 
Anal. Abstr., 7, 1282. 1960. 

72 Collier, R. £., Chemist-Analyst, 43, 41, 1954. 

72 Mason, A. C., Analyst, 77, 529, 1952. 
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ACID MIXTURES FOR ETCHING SEMICONDUCTORS 

Mixtures of common acids have long received special and varied application; 
the analytical problems thus introduced have not received prominence, with the 
exception of those encountered with sulfuric acid-nitric acid mixtures (see page 
552). The evolution of semiconductors has introduced a demand for mixtures of 
high purity acids for the chemical etching of these devices. At one time these 
acid etchants were mixed by the consuming industry; subsequently they have be- 
come items of commerce and, therefore, interest has developed in the control of 
their delivered composition. Holmes has discussed at length the composition and 
use of many of the semiconductor acid etchants. 733 

The principal etchants of commerce contain various amounts of reagent grade 
hydrofluoric acid and nitric acid with or without acetic acid. Some compositions 
contain small amounts of additives, notably free bromine or iodine, and further 
substances, which favorably influence the etching process, may be added by the 
consumer. Although the control of these mixed acids is still a subject of close 
study, their importance prompts a brief mention of some known analytical ap- 
proaches. 

A major difficulty in the analysis of these acid mixtures is dieir rapid attack of 
glass, metal, and diverse materials. In practice, this consideration rules out many 
instrumental methods, including simple physical measurements, unless prior treat- 
ments are undertaken. 

It may be noted that samples of the etchant are expeditiously weighed in com- 
mercially available polyethylene vials and transferred by the use of polyethylene 
pipets. Since, in the manufacture of these mixtures, stratification may occur if 
the agitation is insufficient, this possibility should be recognized in establishing a 
representative sample. 

If free halogen is present in the etchant, it may be extracted initially with a 
halocarbon and be determined separately. Where acetic acid is present in the 
etchant, the organic phase should be back-washed with water to avoid losses of 
this acid and of nitric acid. 


The nitric acid-hydrofluoric acid mixture has been resolved by titrating a sam- 
ple, well diluted with water, with standard caustic to the phenolphthalein end 
point. The result corresponds to the total acidity. Then sodium chloride is added 
to the resulting solution to saturation. The solution is heated to 70° to 80°C. 
and acid and base are added to make die solution just alkaline to phenolphthalein. 
The solution is then titrated with an aluminum chloride solution to the methyl 
red end point. The result of the second titration corresponds to hydrofluoric acid- 
the nitric acid content is found by difference. 731 * 

For the analysis of the hydrofluoric-nitric-acetic acid mixture, one group has sup 
gested an approach that involves both acid-base titrimetry and spectrophotometry 
After aO-fold dilution of one sample of the etrhant with water, nitric acid is deter 
mined via its absorption in the ultraviolet at 300 m M with water serving as the refer 
ence. The dilution of the sample reduces the rate of corrosion to a point that con 
ventional quartz cells may be employed. Then two identical samples of the etchant 
are weighed; one is dissolved in water and the other in a similar volume of methanol. 

don, a i962 meS ’ P ' J " ed " ThC Electrochemistr y Semiconductors, Academic Press, Lon- 

A.iaV. E,™ r!'s®r c "' urc “ f c »- ; u™. *. a.. 
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The first solution is titrated with standard caustic to the phcnolphthalein end point, 
thus providing a value for the total acidity. The mcthanolic solution is refluxed for 
30 minutes, thus estcrifying the acetic acid. The remaining nitric and hydrofluoric 
acids are titrated with standard caustic under ice-cold conditions (to prevent 
saponification of the methyl acetate). Since the calculations depend on differences 
it is best to run all titrations in duplicate. 73 * A further approach to the resolu- 
tion of a hydrofluoric-nitric-acetic acid mixture involves both acid-base and com- 
plexomctric titrimetry. Initially after dilution of the sample with water and neu- 
tralization to about pH 7. fluoride is removed by die addition of a known, excess 
amount of calcium chloride. The mixture is diluted to known volume and the 
calcium fluoride precipitate is allowed to settle. The excess of calcium ion in one 
portion of tire clear supernatant liquid is titrated with ethylcnediaminetetraacetate 
at a suitable pH and employing an appropriate metal indicator. A second portion 
of the supernatant liquid is passed through a column of a strongly acidic ion ex- 
change resin in the hydrogen form, thus exchanging calcium for hydrogen ion. 
The effluent is then titrated with standard caustic potcntiomctrically (glass-calomel 
electrodes). The first titration break corresponds to the moles of nitric acid orig- 
inally present and twice the moles of calcium ion added initially. The difference 
between the first and second titration breaks corresponds to the moles of acetic 
acid present.™ For internal plant control it may be expedient to express the re- 
sults in terms of the molarity of each acid in the product, rather than in weight- 
weight per cent. Alternatively, the percentage results may be placed on a weight- 
volume basis. Either approach allows a sample to be established on a volume basis. 

FREE ACIDITY IN THE PRESENCE OF 
HYDROLYZABLE IONS 

‘Tree’’ acidity is die amount of acid which would remain in a solution if the 
hydrolyzable ion were removed or replaced by a nonhydrolyzablc ion (other than 
hydrogen ion). The determination of the fice acidity is of practical importance, 
for example, in metal-descaling, ore-leaching and orc-processing solutions, in alums 
and acidic salt solutions, and in acidic electroplating baths. The direct titration 
viWa. vodvAw. foil*, y.v.cs. dvt IvylKstyialafo fovv have and the 

visual end point may be obscured by die formation of a precipitate or may be 
poorly defined. In some cases, a precipitant for the hydrolyzable ion may be 
added, for example potassium fluoride for aluminum (in alums), 74 and iron(III)» ,4,,B 
and sodium dihydrogen phosphate for iron(llI). 7<5 Alternatively an agent forming 
soluble complexes may be added, for example, oxalate for various ions, 77 cop- 
per(ll) 78 and aluminum, 70 and citrate for irou(lll). R0 

73c Jones, J. W., and Deudv, J. M., pjpci, Pittsburgh Conference on Analytical Chem 
istry and Applied Specuoscopy, March 1901; procedure of Texas Instruments, Inc. 

»3d Morgen thaler, L. P, unpublished work; procedure of Western Electric Co., Inc, 
Engineering Research Center, Princeton, New Jeisey. ...» 

74 Eder, T., Z. anal. Chem., 119, 399, 1940; Scott, W. \V„ J. Ind. Eng. Chem., 7, 

1915; Ciaig, T. J , J. Soc Chem. Ind., 30, 184, 1911. 

73 Kolthoff, I. M., and Stenger, V. A., Volumetric Analysis, Interscieiice Publishers, Inc., 
New York, Vol. II, 1947, p. 111. 

73 Ahlum, C. C., Analyst, 31, 168, 1906; J. Chem. Soc., 89, 470, 1906. 

’ 77 Booman. G. L., et al.. Anal. Chem., 30, 284, 1958. , , . 8 

78 Verrna, M. R., Bhuchar, V. B., Mathur, S. K., and Sharma, S. S., Chemist-Analyst, > 

, 1959. 

Ta Hahn, F. L., and Hartleb, E., Z. anal. Chem., 71, 225, 1927. 
y 83 Bishop, J. A., and Summ, S., Chemist-Analyst, 43, 96, 1954. 
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A further approach to the establishment of free acidity involves the determina- 
tion of a measure of the “total” acidity and, independently, of the concentration 
of the hydrolyzable cation in the sample solution, which may be expressed as 
“bound” acidity, and calculation of the “free” acidity by a difference method. F 01 
example, an aliquot of the acidic sample solution may be passed through a cation 
exchange column in the hydrogen form and the effluent titrated alkalimetrically. 
The' hydrolyzable ion is then determined in a second sample aliquot by an appro- 
priate method. A second variation involves addition of an excess of a strong 
chelating agent, which complexes with all of the hydrolyzable cation, and then an 
alkalimetric titration. The concentration of the hydrolyzable cation in the sample 
solution is determined in a furdrer aliquot by either a redox or chelometric titra- 
tion. The free acidity corresponds to the difference of the two results, suitably 
expressed. 

Procedure for Free Acidity in Presence of Iron(III) Salts.— Saturate the acidic 
sample solution with sodium or potassium citrate. Add phenolphthalein and ti- 
trate with C0 2 -free standard NaOH solution. As the end point is approached, 
add furdier citrate and stir well to assure saturation of the solution. The free 
acidity is given by the ml. of NaOH added, since the secondary citrate ion, 
is completely neutralized at the phenolphthalein end point. 80 

Remarks.— The procedure is especially applicable to hydrochloric acid liquors 
used in descaling iron. The iron must be in the tervalent state for the complex- 
ation to be fully effective. Where preferred, iron(III) may be precipitated with 
NaH.,P0 4 and the mixture titrated to the methyl orange end point; or this metal 
may be precipitated with potassium fluoride solution (neutralized to the faint pink 
color of phenolphthalein), the mixture diluted to known volume, and an aliquot 
of the clear supernatant liquid titrated to tire phenolphthalein end point. 

Procedure for Free Acidity in Presence of Bismuth , lron(III), or Chromium(Ill) 
Salts.— To a measured volume of the sample solution, add a volume of a water 
solution of disodium ethylenediaminetetraacetate sufficient to complex all hydro- 
lyzable cations present and about 1% in excess of the stoichiometric amount re- 
quired. If a precipitate appears, stir until solution is complete. (A concentrated 
solution of the chelating agent is preferred, especially where a high concentration 
of hydrolyzable cations is present, in order to reduce the dilution and thereby the 
formation of hydroxo complexes that react only slowly with the complexing agent.) 
Where chromiunr(III) is present, boil the solution 3 to 5 minutes to effect full 
complexation, and cool. 

Titrate the resulting solution with a standard NaOH solution (0.1 or 1 N) poten- 
tiometrically (glass-calomel or quinhydrone-calomel electrode pair) or in the case 
of a colorless solution (e.g., bismuth salt solutions) to a visual end point with 
methyl red or methyl orange. Record the volume of base required. 

Now determine the molar concentration of the hydrolyzable metal ion in the 
sample solution. For chromium(III), oxidize to chromium(VI) and apply a redox 
titration (see Vol. I, pp. 354-6, 361-2). For bismuth, employ a direct ethylene- 
diaminetetraacetate titration with thiourea as the indicator (see Vol. I pp 199-900) 
or better, xylenol orange (titrating at pH 1 to 3 to a red to yellow end point/ 
For non(III), use either a redox titration (see Vol. I, pp. 53S-5?) or a direct 
ethylenediaminetetraacetate titration with sulfosalicylic acid as the indicator fti 
trating at pH 1.8 to 3.0 in warm solution to a red-violet to yellow end point-) " 

The free acidity of the sample solution, expressed as % weight-by-volume is 
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% Free Acidity (tw/c) = ^ * 6 — 2[Afe n+ A X — 

where N h and V b are the normality and volume of the NaOH solution used in the 
alkalimetrie titration of a milliliters of the sample solution, E is the equivalent 
weight of the relevant acid in the sample solution, and [A/e n +] is the molar con- 
ccntration of the hydrolyzable metal ion in the sample solution. It is noteworthy 
that in this equation the factor 2 is required as 2 moles of hydrogen ion are liber- 
ated in the complexation of 1 mole of metal ion with ethylcnediaminetetra- 
acetatc. 80 * 1 

FORMIC ACID 

Formic acid, HCCLH, boiling point 100.5'C., is available in a technical grade in 
85% and 90% strengths and a reagent grade, meeting American Chemical Society 
specifications, containing 88% HCOmH minimum. A purified grade of 98% mini- 
mum HCO»H content is available in small package sizes. Formerly a pharma- 
ceutical grade containing 24-26% HCO..H was also employed (see National Formu- 
lary IX). 


DETERMINATION OF FORMIC ACID CONTENT 81 

If formic acid is present alone (with water) or other acids are present in negli- 
gible amounts, a conventional alkalimetric titration of the total acidity serves for 
the establishment of the formic acid content. Where other acids are present 
(that do not react readily with permanganate), a redox titration is preferable. 
Usually permanganate is added to an alkaline solution (thus avoiding the volati- 
zation of formic acid in acidic solution and its slow rate of oxidation to carbon 
dioxide and water in the cold), the solution is acidified, an excess of oxalate is 
added, and a back-titration performed. 

Alkalimetric Titration Procedure.— Since formic add is a volatile acid, employ 
one of the special techniques in the establishment of the sample (see pages 535 
through 539). Transfer the sample (l. 9-2.3 g. of 90% HCO.>H) to 200 ml. ol 
C0 2 -free water in a stoppered flask or bottle. Titrate with 0.5 N NaOH from a 
chamber buret (see footnote page 536) to the phenolphthalein end point. Allow 
the buret to drain and read the volume of NaOH delivered. Note the tempera- 
ture of the NaOH solution and add a correction of 0.00030 ml. per ml. of 0.5 N 
NaOH added for each degree Centigrade below its standardization temperature; 
or subtract the correction for eadi degree above. The % Total Acidity as HC0 2 H 
= % HC0 2 H (if no other acids present) = (ml. of NaOH, corrected for tempera- 
ture) X (normality of NaOH) X 0.046026 X 190 -j- (sample weight in g.). 

Redox Titration Procedure .— Since formic acid is a volatile acid, employ one 
of the special techniques in the establishment of the sample (see pages 535 through 
539). Transfer the sample (2 g. of 90% HCO a H) to a 500-nil. volumetric flask 
containing about 200 ml. of water. Dilute to mark with water. Transfer a 50 m • 
aliquot to a conical flask and make alkaline with Na 2 C0 2 . Warm the solution 
and add a known, excess amount of 0.1 N (i.e., 0.02 Af) KMn0 4 from a 100-flu. 
buret. Add 0.1 N (i.e., 0.05 M) oxalic acid in excess of that needed to dissolve the 

soa Polyak, E. A., Zhur. Anal. Khim., 17, 355, 1962. , . . „ u -:. 

Tor additional methods for the determination of formic acid, see J- B. McNair, t\ , 
of I'ei mentation Acids, Weitemlore Piess, Los Angeles, 1947, chapteis 2 and 3- 
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Mn0 o precipitate and also 10 ml. of 6 N H 2 S0 4 . Titrate the excess of oxalic acid 
with die 0.1 N KMn0 4 . Note the total volumes of oxalic acid and KMn0 4 deliv- 
ered. In a separate titration establish the equivalency of these two solutions, ex- 
pressed as F = ml. of KMn0 4 solution equivalent to exactly 1 ml. of oxalic acid so- 
lution. Then the % HCO.,H = (ml. of KMn0 4 - ml. of oxalic acid X F) X (nor- 
mality of the KMn0 4 ) X 0.023013 X 100 -f- (sample weight in g. represented by the 

solution aliquot taken). . 

Remarks.— Some workers prefer a redox titration method based on addition of 
an excess KMn0 4 to the alkaline sample aliquot, heating to 70°C., addition of a 
sufficient amount of KI solution, and back-titration with standard Na 2 S 2 0 3 so- 
lution. 


DETERMINATION OF IMPURITIES IN FORMIC ACID 
Small amounts of sulfate in formic acid are determined by the turbidimetric or 
photometric barium sulfate procedures given for sulfate in nitric acid (see page 
560). Chloride is determined turbidimetrically as silver chloride. An appropriate 
sample of the acid (10 ml. of 90% HCOoH) is added to 50 ml. of chloride-free 
water and 3 drops of concentrated nitric acid added. The procedure thereafter 
follows that given for chloride in sulfuric acid (see page 542), except that the 
standards are prepared with 3 drops of nitric acid and with the sulfuric acid addi- 
tion omitted (and at the level of accuracy here required omitting the addition of 
chloride-free formic acid). For the determination of residue on evaporation 
(i.e., total solids) a suitable sample is evaporated to dryness on a steam bath, dried 
at 105°C. and weighed. The residue is then dissolved in a little hydrochloric acid 
and the solution diluted to volume; aliquots of this solution can then be used 
for the photometric determination of lead (see page 548) and of iron (see page 
549). For the analysis of reagent grade formic acid, the relevant monographs 
should be consulted (see footnote 27 page 552.) 


ACETIC ACID 

Acetic acid, CH 3 C0 2 H or HC 2 H 3 0 2 , is offered in the technical grade in various 
strengths ranging from 28% through 56% (redistilled) to the glacial acid (98% 
minimum). In the pharmaceutical grade, the U. S. Pharmacopeia describes a 
36-37% strength and a glacial acid (99.4% minimum). Reagent grade (glacial) 
acetic acid, meeting American Chemical Society specifications, contains 99.7% 
HC 2 H 3 0 2 minimum and is also available “conforming to dichromate test.” Gla- 
cial acetic acid melts in the region 13.3 to 16.6°C., corresponding to 98% and 100% 
strength, respectively. Specific gravity-composition data for acetic acid appears on 
page 621. 82 r 


DETERMINATION OF ACETIC ACID CONTENT OF 

ACETIC ACID 

Ihe measurement of the specific gravity via a hydrometer is not extremely use- 
ful for the establishment of small differences in the strength of acetic acid solu 
tions since the variation in specific gravity is not large and a maximum exists at 


la./vollat 20“C.) ‘ tS “ etk “ id aAo" cTri^irvSga 0 /^ 
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77-80% acetic acid (see table, page 621). Acetic acid is usually determined by an 
alkalimetric titration. Since acetic acid is a weak acid, phenolphthalein is used 
as the indicator and water freshly freed of carbon dioxide by boiling should be 
used in dilutions. The result should be corrected for the content of any other 
acidic materials present to obtain the "true” acetic acid content. 

Procedure for Total Acidity of Acetic Acid.— By die use of a weighing bottle 
introduce a sample of 5 to 6 g. of glacial acetic acid (or its equivalent of a weaker 
solution) underneath the surface of 200 ml. of C0 2 -free water and 75 ml. of I N 
NaOH (from a chamber buret, sec footnote page 536) contained in a casserole. 
Complete the titration with I N NaOH to the phenolphthalein end point (faint 
permanent pink). Note the temperature of the NaOH solution and add a correc- 
tion of 0.00032 ml. per ml. of 1 N NaOH added for each degree Centigrade below 
its standardization temperature; or subtract the correction for each degree above. 
The % Total Acidity as HC 2 H.,0 2 = (ml. of NaOH, corrected for temperature) x 
(normality of NaOH) X 0.060053 X 100 ~ (sample weight in g.). If the sample con- 
tains a significant amount of other acids, a correction may be applied following 
their separate determination. For example, % HC„H.,0., =s % Total Acidity as 
HC 2 H,0, - (% HCO,H X L305) - (% HC1 X 1.647) - (% H„S0 4 X 1-225) - (% 
H 2 S0 3 X 1-463). 

DETERMINATION OF FORMIC ACID IN ACETIC ACID 

The determination of formic acid in acetic acid is usually based on the reduc- 
tion of mercury(Il) to insoluble mercury(I) chloride, which is filtered, dried, and 
weighed. 

HCOaH + 2HgCI 2 Hg 2 CI 2 1 + CO > f + 2HC1 

Procedure.— Transfer a 5-g. sample of glacial acetic acid (or its equivalent of a 
more dilute solution) with 5 g. of sodium acetate, 40 ml. of a 5% HgCl 2 solution, 
and 30 ml. of water to a conical flask with standard taper neck. Attach a reflux 
condenser and heat in a boiling water or steam bath for 2 hours. Filter the pre- 
cipitate of Hg 2 CL, dry at I05 e C. in an oven, and weigh. % HC0 2 H =■ (weight of 
Hg 2 Cl 2 in g.) X 0.0975 X 100 -r- (sample weight in g.). 

Remarks.— For the routine analysis of many samples an integrated reagent may 
be prepared, namely, 30 g. of HgCl 2 and 65 g. of sodium acetate in 1000 ml. of 
water; 75 ml. of this solution is used in the procedure and no water is added. 
For high purity acetic acid, limit tests for formic acid (and other reducing sub- 
stances) are often employed based on a reaction with permanganate or dichromate 
ion. 

The further addition of 2.5 ml. of a 2% hydroxylamine hydrochloride solution 
to the flask has been recommended.® 3 This catalyzes the reduction, allows heating 
at 50-60°C. for one hour, and tends to obviate any reducing action of sulfurous 
acid present. 

Lead tetraacetate procedures have also been suggested for the determination of 
formic acid with the advantage that formaldehyde does not interfere. 8 * 

83 Germuth, F. G., Chemist-Analyst, 17, No. 1, 7, 1928. 

8* Perlin, A. S., Anal. Chem., 26, 1053, 1954. 
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DETERMINATION OF SULFUROUS ACID (SULFUR DIOXIDE) 

IN ACETIC ACID 

The method of determining sulfurous acid in acetic acid is based on an todi- 

metric titration. . 

Procedure.— To 200 ml. of water add some starch indicator and just sufhcient 

0.01 N iodine to attain a faint blue color. Now add 100 ml. of the glacial acetic 
acid (or an equivalent amount of a more dilute solution). Titrate with 0.01 N 
iodine to a permanent faint blue color. Record the ml. of iodine required ( after 
tire addition of the sample). % H 2 SO a - (ml. of iodine) X (normality of iodine) 
X 0.04104 X 100 -f- (sample weight in g.). For % S0 2 , the factor is 0.03203. 

DETERMINATION OF OTHER ACIDS IN ACETIC ACID 

Where present, other acids in acetic acid may be determined by conventional 
methods. Hydrochloric acid in small amounts may be determined turbidimet- 
rically (page 542) or in large amounts by a Volhard titration (Vol. I, page 329) or 
gravimetrically as silver chloride. Small amounts of sulfuric acid may be deter- 
mined turbidimetrically as barium- sulfate, best after adding a small amount of 
sodium carbonate, evaporating to dryness, dissolving in nitric acid, and then pro- 
ceeding as given for sulfate in nitric acid (page 560). Trace sulfate may be de- 
termined by a sulfide evolution method (see page 567). (Acid etch mixtures con- 
taining acetic acid are briefly considered on page 585.) 


DETERMINATION OF OTHER IMPURITIES IN ACETIC ACID 
The % residue on evaporation is determined routinely via the evaporation 
of 100 ml. of glacial acid (or an equivalent of a more dilute solution) in a 
weighed porcelain or platinum dish. Often the residue is used for the determina- 
tion of metals of interest, including iron by the photometric thiocyanate procedure 
(page 549), and for the spectrographic examination of trace impurities (see page 
565). ‘‘Heavy metals” may also be determined in this residue (page 548); alter- 
natively, the more general evaporation step for this determination may be em- 
ployed as given on page 548. Where of interest small amounts of water may be 
determined by a spectrophotometric determination or titration based on the 
addition of acetic anhydride S5 or by the Karl Fischer method. 88 , 87 Further elegant 
approaches to the determination of water are temperature rise and thermometric 
titration methods based on the addition of a standard acetic anhydride. 87 


ACETIC ANHYDRIDE 

Acetic anhydride, (CH 3 C0) 2 0, is available in the technical grade in various 
strengths (in acetic acid) ranging from 75-95%, and in a reagent grade, meeting 
American Chemical Society specifications (97% minimum). Impurities in acetic 
anhydride are determined, after initial solution in water, by the established methods 
foi acetic acid. The determination of the acetic acid anhydride content is usually 
based on the determination of unreacted acetic acid following the reaction of the 
anhydride with aniline or another base. An alkalimetric titration is possible, after 


85 hruckenstein, s., Anal. Chem., 28, 1920, 1956; ibid., 31, 1757 1959 
York, lSy'pf'’ 3nd SmUh ' D - M " AqUamCtry ’ Intersc * e nce Publishers, Inc., New 
st Greathouse, L. H„ Janssen, H. J„ and Haydel, C. H„ Anal. Chem., 28, 357, 1956. 
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solution of a sample of the anhydride in water; however, great care is required 
in the titration since any error is magnified in the final calculation of the acetic 
anhydride content, A modern approach which couples rapidity with good accuracy 
involved the addition of known amounts of water to the anhydride and measure- 
ment of the maximum temperature rise. 

For 90-100% acetic anhydride, a spectrophotometric determination of its acetic 
acid content has been devised involving direct measurement of the sample in the 
near-infrared region at 1505 myn; the result may be expressed as % acetic anhy- 
dride. 88 

Alkalimetvic Titration Procedure.— A suitable sample is dissolved in water and 
titrated directly with standard sodium hydroxide solution to the phenolphthalein 
end point, or an excess of sodium hydroxide or barium hydroxide is added and 
the excess of the strong base is titrated with standard sulfuric acid solution to the 
phenolphthalein end point. In either method the original sample solution must 
be allowed to stand for a sufficient time (or be warmed) to allow complete hydroly- 
sis of the anhydride. The result of either titration corresponds to % Total 
Acidity as HC 2 H 3 0 ;j. (If any other acids are present and are separately deter- 
mined, a value for the % Actual HC 2 H 3 0 2 may then be obtained by appropriate 
subtraction.) The % acetic anhydride = 5.667 X (% Total Acidity as HC 2 H 3 0 2 
- 100.0). Since any error in the titration result is multiplied almost 5.7 times in the 
calculation ol the anhydride content, it is imperative that temperature corrections 
and volume calibration data be used for the titrant solutions. Further, it is often 
feasible to dissolve a large amount of the acetic anhydride, repeat the titration 
several times, and average the results; other portions of the solution may be used 
for the determination of impurities. 

Aniline Procedure.— Weigh into a tared, standard taper conical flask a suitable 
sample (2 g. of 95% acetic anhydride). Add 20 ml. of water, attach a reflux con- 
denser, and heat almost to boiling for about 20 minutes. Cool, add some water, 
and titrate with C0 2 -free 0.5 A r NaOH from a chamber buret to the phenolphthalein 
end point. Allow the buret to drain and read the volume of NaOH delivered. 
Note the temperature of the NaOH solution and add a correction of 0.00030 ml. 
per ml. of 0.5 N NaOH added for each degTee Centigrade below its standardiza- 
tion temperature; or subtract the correction for each degree above. Calculate the 
ml. of 0.5 N NaOH (corrected for temperature) required per g. of sample. 

Introduce a suitable sample (2 g. of 95% acetic anhydride) into a glass-stoppered 
conical flask containing 20 ml. of freshly distilled aniline and previously weighed. 
After cooling, reweigh. Transfer the contents of the flask with alcohol rinses to a 
large conical flask and titrate with 0.5 N NaOH in the manner desciibed for the 
initial titration. Calculate the nil. of 0.5 N NaOH (corrected for temperature) re- 
quired per g. of sample. 

From the difference in the two titration results, the % acetic anhydride can be 
calculated: % (CH 3 C0) 2 0 = (difference in the ml. of NaOH required in the titra- 
tions per g. of sample) X (normality of NaOH) X 0.10209 X 100. 

Procedure for Temperature Rise Method.**— A 200-mi. sample of die acetic 
anhydride and 4 ml. of the ‘‘balanced” catalyst (see below) are pipetted into a 

88 Fernandez, J. E., McPherson, R. T., Finch, G. K., and Bockniaii, C. D., Anal. Clietn., 32, 
158,1960. 9Kg .qsg. 

88 Greathouse, L. A., Janssen, H. J., and Haydel, C. H-. Anal. Chem., 28, 358, * 

the original work should be consulted for additional details and for some vana i 
the technique. 
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Dewar flask fitted with an aluminum-foil covered stopper and carrying a 0 100 C. 
thermometer graduated in 0.1°. Record the temperature. Now add 25 ml. of 
distilled water, slowly until a sharp temperature rise starts and then quickly. Re- 
cord the maximum temperature observed. The results are read from a curve pre- 
pared by carrying acetic anhydride standards through the procedure. Where the 
anhydride content is greater than about 40% the sample should be diluted with 
water-free acetic acid and a suitable aliquot taken. 

Prepare the “balanced” catalyst as follows: To a 1:20 dilution of 60% reagent 
grade HC10 4 with acetic acid, add while cooling the solution in an ice-water bath 
die calculated amount of acetic anhydride to react with the water present in both 
acids; store the catalyst in a tightly closed container in a refrigerator in the frozen 
state. (The catalytic efficacy is not impaired over a week’s storage, although the 
preparation may yellow somewhat.) 

OXALIC ACID 

Oxalic acid, H0 2 C-C0 2 H, is offered commercially as the dihydrate, H 2 C 2 0 4 - 
2H 2 0, in a technical grade (coarse crystal, typically 99.4%; fine crystal, typically 
99.8%) and in a reagent grade, meeting American Chemical Society specifications. 
An aqueous solution of oxalic acid loses acid by volatilization at 100°C. and the 
anhydrous acid sublimes rapidly at 157°C. 

DETERMINATION OF OXALIC ACID CONTENT 

The determination of the total acidity of oxalic acid serves for the establishment 
of its oxalic acid dihydrate content if a correction is applied for any other acids 
present, notably sulfuric acid. Alternatively and especially when other oxidizable 
acids are absent, a direct permanganate titration in hot solution is recommended. 

Alkalimetric Titration Procedure.— Transfer a suitable sample (2.6-2.9 g. of 
H 2 C 2 0 4 -2H 2 0) to a casserole containing 150 ml. of C0 2 -free water. Add phenol- 
phthalein and titrate with 0.5 N NaOH from a chamber buret (see footnote page 
536). Stir the solution during the titration to assure that all of the oxalic acid is 
dissolved. Record the volume of NaOH delivered. Note the temperature of the 
NaOH solution and add a correction of 0.00030 ml. per ml. of 0.5 N NaOH added 
for each degree Centigrade below its standardization temperature; or subtract the 
correction for each degree above. % Total Acidity as H 2 C 2 0 4 -2H„0 = (ml. of 
NaOH, corrected for temperature) X (normality of NaOH)~X 0.063033 x 100 — 
(sample weight in g.). For the % Total Acidity as H 2 C 2 0 4 , the factor has the 
value 0.045018. Where other acids are present and are independently determined 
a correction can be applied; for example, % HX.,0 4 -2H.,0 = % Total Acidity as 
H 2 C 2 0 4 • 2FLO - % H 2 S0 4 X 1.285; or % H 2 C 2 0 4 - % Total Acidity as RC O t 
-% H 2 S0 4 X 0.9180. y 2 2 4 

Permanganate Titration Procedure.— In a casserole dissolve a suitable sample 
(0.6 g. of H 2 C 2 0 4 -2H 2 0) in 100 ml. of freshly boiled and cooled water Add 5 ml 
of concentrated H 2 S0 4 . Then at 25-30°C. add about 90% of the 0.1 N (i.e. 0.0? M\ 
KMn0 4 required from a 100-ml. chamber buret over a period of 2 minutes with 
only gentle stirring. Allow tire solution to stand until the pink color is discharged 
Now heat the solution to 55-60°C. and continue the titration slowly (dropwise near 

] t0 \ pi, J Col ° r that P ersists for at least 30 seconds. Record the ml 
of kMn0 4 required. Run a blank titration to determine the amount of KMnO 
lequired to impart a similar pink color to the solution (about 0.04 ml. correction) 
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The % H 2 C 2 0 4 *2H 2 0 = (ml. of K.Mti0 4 required by sample — ml. of KMnO 
in blank titration) X 0.063033 X 100 - 4 - (sample weight in g.). For % H,C.,0 the 
factor is 0.045018. ' " * 

Remarks.— The above procedure, based on the work of Fowler and Bright,® 0 is 
preferable to earlier procedures in which the entire titration is conducted in hot 
solution. 


DETERMINATION OF SULFATE IN OXALIC ACID 

Often oxalic acid contains sufficient sulfate to permit a gravimetric determination 
as barium sulfate. Where only small amounts of sulfate are encountered, a turbicli- 
metric barium sulfate procedure is employed that parallels that given for sul- 
fate in nitric acid (see page 561). 

Gravimetric Procedure for Sulfate. 91 — To a suitable sample (20 g. of H 2 C,0 4 - 
2H a O) in a platinum crucible add 5 ml. of 0.1 N NaOH. Evaporate on a hot plate 
and then ignite to a dull red heat on an asbestos hoard over a Bunsen burner. 
(The oxalic acid is partially volatilized and the remainder decomposed leaving the 
residue black.) Cool and add 10 ml. of 10 N HC1. Transfer to a 150-ml. beaker 
with small portions of water and boil for 5 minutes. Filter through coarse filter 
paper and wash with hot water. Neutralize the combined filtrate to phenol red 
by the addition of aqueous ammonia. Now add 15 ml. of 1 N HC1 and dilute to 
a volume of about 130 ml. Boil and add 15 ml. of 10% BaCL solution to the boil- 
ing solution. Digest on a boiling water bath Tor -1 hours. Filter through a tared 
Gooch crucible ignited at 600-750*C. for 30 minutes. Wash with small portions 
of water until the washings arc free of chloride (AgCl test), dry the crucible at 
H0 e C. and finally ignite at 600®C. for 30 minutes. The % S0 4 = (weight of ig- 
nited BaS0 4 ) X 0.41 16 X 100 — (sample weight in g.). For % H.,S0 4 the factor is 
0.4202. 

DETERMINATION OF OTHER IMPURITIES IN OXALIC ACID 

The impurities determined in oxalic acid depend on its intended use and the 
grade. Chloride may be determined turbidimetrically, using nitric acid for the ad 
justment of the acidity of the sample solution and standards, after the piocedure 
given far chloride Lu sulfuric acid (page 542). The residue oil ignition and the 
water-insoluble matter (20-g. sample in 150 ml, of hot water) are determined by 
conventional methods. Where of interest, silica and iron may be determined after 
an initial evaporation and ignition similar to that used in the determination of 
sulfate in oxalic acid (see above). Silica may be determined by a molybdenum 
blue photometric procedure (see Vol. 1, page 562) anil iron by a thiocyanate pro- 
cedure (see page 54U). For applications in the nuclear industry, trace boron may 
be of some interest: An oxalic acid sample may be re-crystallized fiom (boron-free) 
water and an aliquot of the mother liipior, neutralized with sodium hydroxide; 
trimethyl borate distilled, and after saponification borate detci mined spcctrophoto- 
metrically by a curcumin procedure." 2 For information on the analysis of reagent 
grade oxalic acid, relevant monographs should be consulted (see footnote 27 
page 552). 

80 Fouler, R. M., and Bright, H. A., J. Research Natl. Bur. Standards, 15, 493, 

81 In pan, after a procedure lecoinmeiidcd by United Kingdom Atomic Energy' 

itv, P. G. Rept, 92(W), Analytical Methods for the Inspection of Oxalic Acid, H- 
tionery Office. London, March i960. , , , , f „ lhod s 

82 United Kingdom Atomic Encigy Authority, P. G. Rept. 92<W), Analytical * 
for the Inspection of Oxalic Add, H. M. Stationery Office. London, March IJou. 
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TARTARIC ACID 

Tartaric add, H0„C(CH0H) 2 C0 2 H or H 2 C 4 H 4 0 6 , is offered commercially 
principally in the pharmaceutical (food) grade, meeting the tests and methods ol 
the National Formula ry (99.7% H.,C 4 H 4 0 6 minimum, anhydrous basis). Tartaric 
acid and potassium sodium tartrate (i.e., Rochelle salt) are the ingredients of cream 
of tartar. Tartaric add is also available in a reagent grade meeting American 
Ch em i cal Society specifications. Because of frequent confusion, it is noteworthy 
that “ordinary” tartaric add of commerce is die dextro-rotatory form and has the 
LEVo-configurauon; hence, die product may be variously teimed d-tartaric acid, 
dextro - tartaric acid, or “L-tartaric acid.” 

DETERMINATION OF TARTARIC ACID CONTENT 

The determination of tartaric acid is best based on the isolation of potassium 
hydrogen tartrate, re-solution of diis salt, and its alkalimetric titration. 

Procedure.— Weigh an appropriate sample (6 g. of >45% assay and 12 g. of 
<45% assay) and add to IS ml. of 20% HC1 solution. Stir the mixture for 10 min- 
utes and transfer with water rinses to a 200-ml. volumetric flask. Dilute to mark 
with water and mix. Filter through a dry filter into a beaker. Pipet exactly 100 
ml. of the filtrate into a 250-ml. beaker and add 10 ml. of a K 2 CO a solution (66 g. 
of K.,C0 3 per 100 ml.). Cover with a watch glass and boil gently for 20 minutes. 
(CaCO s may precipitate at diis point.) Transfer widi water rinses to a 200-ml. 
volumetric flask, dilute to mark widi water, and mix. Filter through a dry filter 
and evaporate exactly 100 ml. of the filtrate on a boiling water bath to a volume 
of about 15 ml. Add slowly to the hot solution with continual stirring 3.5 ml. of 
glacial acetic acid. Stir for 5 minutes further. Allow to stand about 20 minutes. 
Now add 100 ml. of 95% ethanol, stir for 5 minutes further, and allow to stand 
about 10 minutes until the precipitate has settled. (Some procedures recommend 
a longer standing time, even 2 hours or more.) Filter through a sintered glass 
funnel under suction. Wash the precipitate on the filter with 95% ethanol until 
free of acid (that is, 30 ml. of the washing should require the same volume of 0.2 
xY NaOH in its titration to the phenolphthalein end point as does 30 ml. of the 
original 95% edranol). Now wash the precipitate into a porcelain casserole with 
about 200 ml. of hot water and titrate the hot solution with 0.2 N NaOH from a 
100-mi. buret to the phenolphthalein end point. The % H 2 C 4 H 4 0 6 = (ml. of 
NaOH, corrected for temperature) X (normality of NaOH) X (0.7504) X 4 X 100 
-f- ( original sample weight in g.). 

Remarks.— It is probably best to standardize the base used against recrystallized 
potassium hydrogen tartrate. For tartrate-containing material of low assay, an 
empirical correction is often warranted: Deduct 0.3% H 2 C 4 H 4 0 6 for material con- 
taining less than 45% tartaric acid, 0.3% for 45-60%, and 0.2% for 60-70%. For 
higher assay material the correction is negligible. 

_ Where crude tartrate preparations are being analyzed, the solution finally 
titrated may be highly colored; in such an event, a potentiometric end point is 
preferable. Where “bound” tartrate as well as “free” tartrate is to be deter- 
mined, e.g., in baking powders, two equal sample aliquots are employed and in 
one an equivalent amount of NaOH is added rather than KOH. 93 

ChSifsSdllS^S. 1 '' 1 ' 0 * ° E AnllfSU ° £ Tbe A!SOdaUm ° E 0BkM Agricultural 
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Wheie the sample of tartaric acid contains negligible amounts of other acids, its 
determination may be based on an alkalimetric titration to the phenolphthalein 
end point (with National Formulary methods after drying tire sample over P*0 S ). 

DETERMINATION OF IMPURITIES IN TARTARIC ACID 

The tartaric acid, usually offered, meets the tests and methods of the National 
Fo) mulary, including loss on drying o\er phosphorus pentoxide, residue on igni- 
tion (sulfated ash), and limit tests for oxalate, sulfate, and heav y metals. The sug- 
gested specifications of the FAO include assay, sulfated ash loss on drying at 
105 # C„ and limit tests for arsenic, lead, copper, and oxalate. 81 

CITRIC ACID 

Citric acid, H0 J CCH ? C(0H)(C0 2 H)CH.,C0. ! H or H 3 C tt H 5 0 7 , is offered prin- 
cipally in a pharmaceutical (food) grade, meeting U . S. Pharmacopeia tests and 
methods, and both in an anhydious and monohydrate form (both 09.5% minimum 
H 3 C 0 H 5 O 7 , anhydrous basis). These forms are also available in a reagent grade 
meeting American Chemical Society specifications. The transition point of the 
monohydrate is 36.6°C.; hence, recrystallization of citric acid from water above 
that temperature yields the anhydrous form. 

CITRIC ACID CONTENT 

The citric acid content of either anhydrous citric acid or its monohydrate may be 
determined by an alkalimetric titration if other acids are present in negligible 
amounts. For general purposes, the more selective pentabromoacetone method is 
lecommcnded. This method is based on the bromination and degradation of citric 
acid to pentabromoacetone, which in the case of laigc amounts of citric acid may 
be weighed; however, strict attention to details is necessary in order to secure 
satisfactory results. 

Alkalimetric Titration Procedure .— Titrate a suitable sample (3 g. of 100% 
H : ,C 0 H 5 O 7 ) in 50 ml. of water with 0.5 N NaOll from a 100-ml. chamber buret (see 
footnote 3 page 53b) to the phenolphthalein end point. Allow the buret to drain 
and record the \olumc of NaOH delivered. Note the temperature of die NaOH so- 
lution and add a correction of 0.00030 ml. per ml. of 0.5 N NaOH added for each 
degree Centigrade below its standardization temperature; or subtract for each de 
gree above. The % Total Acidity as H 3 C 0 H 5 O 7 = % H 3 C 0 H 5 O 7 (if other acids 
absent) = (ml. of NaOH, corrected for temperature) X (normality of NaOH)X 
0.06404 X 100 -f- (sample weight m g.) For % H 3 C 6 H 5 0 7 -H 2 0, die factor is 
0.07005. 

Pentabiomoacelone Gravimetric Procedure .**—' Weigh a suitable sample (28 g- 
of 100% H 3 C c H 5 0 7 ), transfer to a 500-ml. volumetric flask, and dilute to mark 
with water. Pipet 50 ml. of this solution to a 250-ml. glass-stoppered flask. Add 18 
ml. of 50% H.,S0 4 and 10 ml. of a 40% KBr solution. Warm the solution to 55 C. 
Add slowly 40 ml. of 5% KMn0 4 solution with occasional shaking. (MnO^ wt 
precipitate at this point.) Allow to stand 10 minutes with occasional shakiug- 
Add 50 ml. of a FeS0 4 solution (250 g. of FeS0 4 - 7H 2 0 in 700 ml. of water and 

Tood and Agricultmal Oiganization of the United Nations, Specifications 
and Purity of I ood Additives, 3rd Rept., Joan 1'AO/WHO Evpeit Committee, j 

‘> 5 Based pailiaOy on a ptoceduie ol duties l’fi/ei & Co, Inc.; cf. Kunu, l*. - 
Chem , 54, J2<>. 1915, aiul R. Aich. Client. Mikioskop., 7, 285, 1914. 
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the temperature and hydrometer. (Where the desired precision demands repeat 
the measurement with 1 or 2 further portions of the cooled sample.) If a degree 
of accuracy no higher than 0.2* Baum,!, Light can be tolerated, the '^rome'er 
will usually not require calibration; otherwise, it must be calibiated at 60 1. and 
the correction applied to the value read.^ Further, the thermometer must be 
calibrated for precision work, and the temperature read corrected by the calibration 
data The Baumd reading must then be corrected to 60°F. by the application of 
the “allowance” data at the foot of page 626 and the % NH 3 established by inter- 
polation in the specific gravity-composition table for aqua ammonia given on that 
page. For the important region 24-27% NH.,, the table on page 623 is similarly 
utilized. 

Example of Calculation .- For a given sample a value of 25.25°B6, Light, cor- 
rected for the hydrometer calibration, was found at a (corrected) temperature of 
45.0°F., °B£, Light (at 60°F.) = 25.25 + 0.052 X (60.0 - 45.0) = 25.25 + 0.78 = 

26.03°Be. The factor 0.052 is found in the “allowance” data on the foot of page 
623. From the table on that page by interpolation it is found that % NH 3 = 


29.46%. . 

Acidimetric Titration Procedure —Weigh a suitable sample (not more than 2.6 g. 
of 29% NH 3 ) into a glass-stoppered weighing bottle. Slide the bottle, with the 
stopper in place, into a 500-ml. glass-stoppered conical flask containing 200 ml. 
of water. Add from a buret a volume of 0.5 N H 2 S(% sufficient to combine 
with the NH 3 in the sample and about 10 ml. in excess. Stopper the flask. Now 
warm gently, thereby forcing the stopper from the weighing bottle and allowing 
the ammonia to mix with the acidic solution. Cool the solution, add some methyl 
red, and titrate the excess of LLSO.j with 0.5 N NaOH. Compare the sodium 
hydroxide and sulfuric acid solutions in a separate titration, and let F = ml. of 
H 2 S0 4 equivalent to exactly one ml. of NaOH. % NFI 3 = (ml. of H.,SO. } — ml. of 
NaOH X F) X (normality of H 2 S0 4 ) x 0.017031 X 100 -t- (sample weight in g.). 

Remarks.— Some workers prefer to add the ammonia sample via a sealed bulb 
which is broken by violent agitation of a heavy tvalled flask or bottle (see page 538 
for details of this sealed bulb technique). 


DETERMINATION OF SULFATE IN AQUA AMMONIA 
Procedure .- Transfer a suitable sample (100 g. of 29% NH 3 ) to a 250-ml. beaker. 
Add 10 ml. of 1% Na 2 C0 3 solution and evaporate to a volume of about 10 ml. 
Add 10 ml. of saturated bromine water (to assure oxidation of all sulfur to sulfate) 
and evaporate just to dryness. Dissolve the residue in a little HC1 and repeat the 
evaporation. Then proceed according to the turbidimetric procedure for sulfate 
in nitric acid (page 560), omitting the first sentence. Some workers prefer to con- 
duct the turbidity measurement in 50-ml. Nessler tubes rather than test tubes 


io- For the calibration, prepare methanol-water mixtures of about 9 5 25 and 

WH. » >• be determined), and lake their hllrancher rea'dto ss u 
exactly G0°F. Since the surface tension of water-methanol and aqua ammonia 1 ffer - 
correction is necessary. Add to each reading the following correction- no n , 
mm. of l°Be on hydrometer stem X diameter of the stem in mm ) The hvdTnSf ' 
rection is then obtained by subtracting the corrected “Be established hv h a Cor ' 
Irani the “Be established pycnometrically. The correction th = S f b - y ^ Mender 
solutions is averaged. * collection, thus obtained, for the two 
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DETERMINATION OF OTHER IMPURITIES IN AQUA 
AMMONIA 

The residue on ignition may be determined after evaporation in a platinum dish 
(without addition of sulfuric acid). Iron can then be determined by fuming the 
resulting residue with potassium bisulfate and applying a photometric thiocyanate 
procedure (see page 541)). The color of aqua ammonia is assessed either by a limit 
test (for “Grade B”) employing a chromate standaid (0.0G g. KXr 2 0 7 in 100 ml. 
of dilute H 2 S0 4 ) or by the use of the AI*HA visual method for the color of water 
employing the platinum-cobalt standards for color units 1 through 15. 103 Organic 
matter is controlled by a limit test involving decolorization of permanganate. 
Hydrogen sulfide may be determined by die iodometric procedure given for crude 
ammoniacal liquor (see Vol. I, page 7G4). For the analysis of aqua ammonia of 
pharmaceutical and reagent grades, relevant monographs should be consulted 
( U . S. Pharmacopeia and works cited in footnote 27 page 552). 

SODIUM HYDROXIDE 

Sodium hydroxide (caustic soda), NaOH, in the technical and commercial grades 
is often sold on the basis of its Na.,0 content and common nominal strengths in- 
clude 60, 70, 74, and 75.5% Na a O (corresponding to 77.4, 90.3, 95.5, and 97.4% 
NaOH), the last strength being considered the ‘'anhydrous" form. Also 50% and 
73% NaOH solutions, often known as caustic liquors, are offered; the former melts 
at 53 °F. and the latter at about 145 °F, The U. $. Pharmacopoeia recognizes a 
product having a total alkalinity of 95% minimum expressed as NaOH and in- 
cluding not more than 3% Na 2 CO a . The reagent grade, meeting American Chem- 
ical Society specifications, contains 97% NaOH minimum and the low-carbonate 
form 98% NaOH minimum and 0.5% Na 2 C0 3 maximum. In addition a 50% 
solution (also low in carbonate) is available in the reagent grade in polyethylene 
containers. In the various grades, solid sodium hydroxide is offered in various 
physical forms including fused, stick, flake, pellet, and powder. Specific gravity- 
composition data for sodium hydroxide solutions are given oti pages 624-625. 

The analysis of potassium hydroxide is completely analogous to that for sodium 
hydroxide; hence, factors for the calculations of results for the potassium hydroxide 
analysis are given parenthetically in the procedures below. 

SAMPLING OF SODIUM HYDROXIDE 

Since sodium hydroxide can absorb both carbon dioxide and water from the 
atmosphere, special considerations apply in its sampling. With the fused form, 
packed in steel drums, it should be recognized that visible segregation of impurities 
occurs in the lower portion of the block, known as the "cone,” as distinguished 
from the remainder of the cake, known as the "body.” Hence, the block, after 
removal from the drum, should be split lengthwise and material from both the 
cone and the body should be separately analyzed. From the separate results 
average values for the entire drum are established based on the estimated relative 
amounts of the cone and body. (Alternatively a composite sample mixed in these 
relative proportions may be analyzed.) For reduction to suitable size for analysis, 

io3 Am. Public Health Assoc , Standard Methods for the Examination of Water, Sewage, 
and Industrial Wastes, New York, 10th Ed., 1955, pages 87-89. 
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the block samples are wrapped in a flannel cloth and hit with a mallet. With the 
flake and powdered forms, the top layer in the shipping container is removed to a 
depth of 3-4 inches, and the sample taken from the central area exposed. All 
samples should be immediately placed in tightly closed containers. 

With die caustic solutions and liquors, as offered in tank cars and tank wagons, 
heatino- may be necessary to assure complete liquefaction, and a composite sample 
is established during the unloading or by repeated dipping at different depths in 
the tank itself. The sample should be stored in a tightly closed bottle (preferably 
of polyethylene if silica is to be determined). It is expedient to dissolve a weighed 
amount of the sodium hydroxide sample in water (as soon as delivered to the 
laboratory), to dilute to known volume, and to employ aliquots in the determi- 
nation of total alkalinity, carbonate, chloride and chlorate. A further acidified 
sodium hydroxide sample solution may be used for the determination of trace 
amounts of iron, copper, and nickel. 

Preparation of Sodium Hydroxide Sample Solution.— With any form of the 
caustic, assure that a thoroughly mixed (and representative) sample has been se- 
cured. Transfer about 50 g. of the NaOH sample into a weighing bottle and weigh 
the bottle and contents. Remove a suitable sample (35 g. of 100% NaOH) to a 
beaker and dissolve at once in C0 2 -free water. Transfer to a 500-ml. volumetric 
flask (preferably borosilicate glass), dilute to mark with COo-free water, and mix. 
Reweigh die weighing bottle, thus determining the sample weight by difference. 
(For KOH, a suitable sample weight is 45 g. of 100% KOH.) 

Preparation of Sodium Hydroxide Sample Solution for Trace Metal Analysis.— 
Weigh a suitable NaOH sample (35 g. of 100% NaOH), transfer to a beaker, and 
dilute or dissolve in about 100 ml. of water. Now pour the solution slowly and 
with stirring into a second beaker containing 100 ml. of 10 N HC1. Rinse the 
first beaker with water and add the rinsings to the contents of the second beaker. 
Heat die solution to boiling, cool, and transfer to a 250-ml. volumetric flask. (If 
the solution in HC1 is incomplete, decant the clear supernatant liquid to the flask 
and re-treat the residue with concentrated HC1 and HN0 3 , heat, evaporate nearly 
to dryness, dissolve in water, and add the solution to the flask.) Dilute the 
acidic solution to mark with water. Label the result “Sodium Hydroxide Sample 
Solution for Trace Metal Analysis.” 

Also prepare a reagent blank by evaporating 100 ml. of the 10 N FICl to dryness 
(as well as the amounts of any other acids added in the sample or residue treat- 
ment) and dilute exactly to 250 ml. with water. Label the result "Acid Reagent 
Blank for Trace Metal Analysis.” Use portions of this sample solution and re- 
agent blank in the determination of copper and nickel (and also of iron if this is 
determined directly). (For the analysis of KOH, a suitable sample weight is 50 o- 
of 1007 o KOH.) F h S- 

DETERMINATION OF TOTAL ALKALINITY OF SODIUM 

HYDROXIDE 

The total alkalinity of sodium hydroxide is best determined by addition of an 
excess of a strong acid boiling to remove carbon dioxide, and back-titration with a 
strong base to a visual end point. n wun a 

Procedure .- Transfer a 50-ml. aliquot of the NaOH sample solution to a 500 ml 
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boil the solution gently for 5 minutes. Cool, rinse down the flask walls with water 
and titrate the excess of acid with 0.1 N NaOH, adding more methyl red If neces 
sary. (In precision work, correct the titrant volumes for temperature and die 
buret calibration.) Compare die NaOH and H 2 S0 4 solutions in a separate titra- 
tion, and let F = ml. of equivalent to exactly one ml. of NaOH. The % 

Total Alkalinity as Na a O = (ml. of H 2 S0 4 — ml. of NaOH XP)X (normality of 
H 2 S0 4 ) X 0.030990 X 100 -s- (weight of sample in g. represented by aliquot). Where 
of interest, the result may be expressed as NaOH or Na 2 C0 3 ; the respective factors 
being 0.039997 and 0.052994. (In the analysis of KOH, the respective factors for 
K 2 0, KOH, and K 3 C0 3 are 0.047102, 0.056109, and 0.069107.) 

DETERMINATION OF CARBONATE CONTENT OF 
SODIUM HYDROXIDE 

For the determination of carbonate in sodium hydroxide, the gas anal)sis method 
is to be preferred, especially when only a small amount of carbonate is present. 
For the occasional determination (and where a large amount of carbonate is pres- 
ent), a titrirnctric approach is feasible. This is based on the titration of the sodium 
hydroxide content with standard acid with carbonate precipitated as barium 
carbonate. The difference in this titration result and that for the total alkalinity 
corresponds to carbonate. 

Gas Analysis Procedure for Carbonate.—' Transfer a 50-mL aliquot of the NaOH 
sample solution (or a larger aliquot if the carbonate content is quite small) to 
the sample receptacle of the apparatus (Fig. 12-17, Vol. I, page 303), and proceed 
as given in Vol. I on pages 302-306. As indicated on page 306, express the result 
as % Na a CO a in the original NaOH sample. (In the analysis of KOH, express 
the result as % K 2 C0 3 .) The % Actual NaOH = % Total Alkalinity as Na 2 OX 
1.2907 - % Na 2 CO a X 0.75474. (For the analysis of KOH, the factors in the cor- 
responding equation have the values 1.1912 and 0.81192.) 

Titrimetric Procedure for Hydroxide in Sodium Hydroxide ( Indirect Determi- 
nation of Sodium Carbonate).— In a white porcelain casserole, treat a 50 ml. aliquot 
of the NaOH sample solution with 50 ml. of a 10% BaCl 2 *2H 2 0 solution, which 
has been neutralized to die faint pink of added phenolphthaJeiii. Stir gently and 
titrate with 1 N HCI to the disappearance of the pink color. 

From the titration result, die % Actual NaOH = (ml. of HCI) X (normality of 
HCI) X 0.039997 X 109 (weight of sample in g. represented by aliquot). (For 
KOH, the factor is 0.056109.) The % Na 2 C0 3 - % Total Alkalinity as Na s O X 
1.7101 - % NaOH X 1-3250. (For the analysis of KOH, the factors in the corre- 
sponding equation have the values 1.4672 and 1.2316.) 

DETERMINATION OF CHLORIDE IN SODIUM HYDROXIDE 

Chloride may be determined in sodium hydroxide by a conventional Volhard 
titration (see Vol. I, page 329) employing a 100-ml. aliquot of the prepared Sodium 
Hydroxide Sample Solution (page 601). The result is often expressed as % NaC 
(or in the analysis of potassium hydroxide as % KC1). 

DETERMINATION OF SULFATE IN SODIUM HYDROXIDE 

Sulfate is usually determined in sodium hydroxide by the conventional gravi- 
metric barium sulfate procedure (see Vol. I, pages 1007-1008) after initial solution 
and acidification of a suitable sample of the sodium hydroxide (25 g. of 10 % 
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NaOH). The result is often expressed as % Na 2 S0 4 = (g. of ignited BaS0 4 ) X 
0 6086 X 100 - (sample weight in g.). (In the analysis of potass,um hydroxide the 
result is expressed as K.,S0 4 and the factor has the value 0./466.) Where iron and 
aluminum are present In unusually large amounts, their prior precipitation from 
ammoniacal solution and separation may be desirable. 


DETERMINATION OF CHLORATE IN SODIUM HYDROXIDE 

Chlorate may be present in sodium hydroxide produced electrolytically and in 
the cell liquors. Its determination is usually based on addition of an excess of a 
reducing agent and a redox titration of the excess. One suitable procedure in- 
volves reduction with arsenite and a cerate titration of the excess of arsenite, the 
reactions being catalyzed by the addition of osmium tetroxitle. 

Procedure. 104 — Transfer a 50-ml. aliquot of the NaOH sample solution to a 
500-ml. conical flask and add from a buret an excess of 0.01 N (i.e., 0.005 M) NaAs0 2 
(neutralized and made about 2.5% in NaHCO„). Now add 5 drops of 0.01 M 
Os0 4 in 0.1 N H.,S0 4 . Dilute to a volume of 300 ml. with water. Warm to 60°C., 
add 2 drops of iron(II)-o-phenanthroline complex, and titrate with 0.01 N (i.e., 0.01 
i\I) cerate solution in sulfuric acid, maintaining a temperature between 40 and 
60°C., to a faint blue end point. Similarly titrate the same volume of NaAsOo 
solution, omitting the sample. % C10 3 = (ml. of cerate solution consumed by 
sample — ml. of cerate solution consumed without sample) X (normality of cerate 
solution) X 0.01391 X 100 -f- (sample weight in g. represented by aliquot taken). 
Alternatively the result may be expressed as % NaC10 3 by use of the factor 0.01774. 
(For % KC10 3 the factor is 0.02043.) 

Remar ks .— The aliquot size and the amount of NaAs0 2 solution added may be 
adjusted according to the chlorate content. By the addition of silver ion, as well 
as osmium tetroxide, it has been reported that the determination can be effected 
without heating. 105 


DETERMINATION OF NICKEL IN SODIUM HYDROXIDE 
The presence of appreciable amounts of nickel, copper, manganese (and to 
some extent iron) in sodium hydroxide may render it unsuited to "the production 
of viscose rayon or of a stable sodium hypochlorite solution. Nickel may be en- 
countered in various grades of sodium hydroxide from about 0.01% to below 1 
part per million. The method of analysis selected will therefore depend on the 
expected level. For the upper region, a photometric method is satisfactory includ- 
ing a diethyldithiocarbamate procedure employing a preliminary dimethylglyoxime 
extraction. At the parts per million range a spectrographic method may be pre- 
ferred for routine control (see page 607). 1 

Photometric Diethyldithiocarbamate Procedure jor Nickel. 106 Place a 100 ml 

aliquot of the NaOH Sample Solution for Trace Metal Analysis (page 60D in a 
separatory funnel, add 20 ml. of citrate buffer A (for preparation, see below). Now 
add concentrated aqua ammonia until the solution is neutral to litmus and then 
ml m excess. Add 10 ml. of a 0.1% ethanolic dimethylglyoxime solution and 
m . of (metal-free) chloroform. Shake 1 minute, allow phase separation, and 

101 Based on a procedure recommended by Solvav Process n.v 

inr 9 ian j 1 ’. L - J- and Szabo, M„ Talanta, 1^359, 1958 '* 1 d Chem ’ Cor P- 

Corp. m PaU ° n a pr ° Cedure recomrne nded by Solvay Process Div., Allied Chem. 
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drain as much of the chloroform layer as possible into a second separatory funnel 
containing 20 ml. of 2.5% aqua ammonia and 30 ml. of -water. Repeat the 
extraction with 10 ml. of chloroform. Shake the combined extracts in die second 
funnel for 1 minute, allow phase separation, and suck off the aqueous layer and 
discard it. Wash tire chloroform phase twice with water. Now add 25 ml. of 1 
iV HC1, shake, allow phase separation, and separate and discard the organic layer. 
Add a few ml, of carbon tetrachloride to the funnel, shake for 15 seconds (to sep- 
arate chloroform), and draw off the solvent as completely as possible. Add 10 ml. 
of citrate bufler B (see below for preparation) and concentrated aqua ammonia 
until the solution is neutral to litmus and then 1 ml. in excess. Add exactly 20 ml. 
of isoamyl alcohol and 10 ml. of a 0.2% sodium diethyldithiocarbamate solution in 
water (store in a refrigerator; prepare fresh every 3 weeks). Shake for 2 minutes, 
allow to stand for 5 minutes, and slowly draw off the lower, aqueous phase. (The 
organic phase should be clear.) 

Similarly carry a 100-ml. aliquot of the Acid Reagent Blank for Trace Metal 
Analysis (page 601) through the above extraction scheme and retain the final di- 
cthyldithiocarbamate-isoamyl alcohol phase. 

Measure the absorbance of the final extract from both the sample and the blank 
against water at 390 millimicrons (or employ a filter transmitting in this region). 
Subtract die absorbance of the blank from that of the sample, and read the result 
from a calibration curve prepared by carrying known amounts of an acidic NiSOj 
solution through the procedure. 

Preparation of Citrate Buffers.— To pie pa re citrate buffer A, dissolve 200 g. of 
diammouium citrate in 600 ml. of water and adjust to pH 9-9.5 with aqua am- 
monia (pH-metei). Add 10 ml. of 0.1% elhanolic dimethylglyoxime solution and 
extract 3 times with 10 ml. pottions of chloroform. Filter the aqueous layer and 
dilute to exactly 1000 ml. with water. 

To prepare citrate buffer B, proceed similarly but substitute 10 ml. of a 0.2% 
sodium diethyldithiocarbamate solution in water for the dimethylglyoxime solu- 
tion and perform the extraction with 20-nil. portions of carbon tetrachloride until 
the organic phase is no longer colored. 

Remarks .— The above procedure is somewhat tedious as a two-step extraction is 
involved. An a-furildioxime procedure employing a single extraction with chloro- 
form and with iron(lII) masked by citrate may offer superior sensitivity and ex- 
cellent selectivity. 107 

DETERMINATION OF COPPER IN SODIUM HYDROXIDE 

Copper in trace amounts in sodium hydroxide may be determined spectropho- 
toraetrically. Some workers prefer a diethyldithiocarbamate procedure (essentially 
that given in Vol. I, page 407); however, a Neocuproin (i.e., 2,9-dimethyl-l,I0- 
phenanthrohne) procedure offers greater sensitivity and less interference fiom 
nickel and iron. 108 Alternatively copper may be determined spectrographicahy 
(see page 607). 

Neocuproin Procedure for Copper .— Evaporate a 100-ml. aliquot of the NuOH 
Sample Solution for Trace Metal Analysis (page 601), or a larger aliquot if neces- 
sary, to dryness with a few drops of HNO s added. Dissolve the residue in water, 
dilute to a volume of about 150 ml. with water and transfer with water rinses to 

107 Mains, 1'., and Raggett, R. E., Chemist-Analyst, 50, 4. 1961. 

108 Mains, P , and Raggett, R. E., Cl it* mist -Analyst. 50, 4, 1961. 



COMMERCIAL ACIDS AND BASES 


605 


a 300-ml. separatory funnel. Add 10 ml. of a 10% potassium sodium tartrate solu- 
tion and 1 ml. of a 10% hydroxylammonium chloride solution, and shake we . 
Add concentrated aqua ammonia clropwise until the solution is neutral to litmus. 
Add 40 ml. of 0.025% Neocuproin solution in 1-butanol. Shake, allow the phases 
to separate, drain the aqueous layer, and transfer a portion of the organic phase 
to a tube cuvet and centrifuge for 5 minutes to separate any suspended water. 
Measure the absorbance at 450 millimicrons versus water. Carry 100 ml. of the 
Acid Reagent Blank for Trace Metal Analysis (page 601) through the lull pro- 
cedure and subtract its absorbance from that of the sample preparation. Calcu- 
late the results from a calibration curve obtained by carrying a sodium hydroxide- 
solution with known amounts of copper through both the sample preparation step 
and the above procedure. 


DETERMINATION OF MANGANESE IN SODIUM HYDROXIDE 

Manganese in trace amounts in sodium hydroxide may be determined spectro- 
photometrically after the periodate oxidation method of Williard and Greathouse 
(see also Vol. I, page 653). Alternatively, a spectrographic procedure is feasible (see 
page 607). 

Photometric Permanganate Procedure .— Place a suitable sample (10 g. of 100% 
NaOH) in a conical flask and dissolve and dilute in water to a volume of about 
50 ml. Cautiously add 30 ml. of 50% HoSO^, heat over a flame or hot plate with 
swirling until SO a fumes appear. Allow the residue to cool, add cautiously 30 ml. 
of water, and warm to effect solution. Filter through paper, thus removing silica, 
and collect the filtrate in a conical flask. Rinse the filter with hot water until the 
combined fdtrate has a volume of about 100 ml. Add 0.4 g. of potassium meta- 
periodate or sodium paraperiodate. Digest near the boiling point for about 30 
minutes. Cool, dilute exactly to 100 ml., transfer a portion to a cuvet, and measure 
the absorbance versus water at 522 millimicrons or employing a suitable filter. 
Read the result from a standard curve prepared by carrying known amounts of 
manganese though the procedure. 

Remarks .— For visual comparison procedure, the total solution after cooling is 
transferred to a 100-ml. Nessler tube and compared with standards (which are 
stable for weeks or even months if prepared after the procedure). If large amounts 
of iron are present, phosphoric acid may be added with the sulfuric acid. loa 


DETERMINATION OF IRON IN SODIUM HYDROXIDE 

Where iron is encountered in large amounts with silica, aluminum, etc., in ex- 
tiemely crude sodium hydroxide, it may be determined within the framework of a 
scheme for the separation and determination of these various impurities (see pa°e 
606). In less crude products, iron may be determined directly by an o-phemtn- 
throlme procedure, employing hydroxylamine as the reductant (preferably with 
heating to speed the reduction) and in the presence of citrate (see vol. I, page 5535 
mr this determination a suitable aliquot (50 ml.) of the Sodium Hydroxide Solu- 
tion foi Trace Metal Analysis (page 601) may be employed. 

mtermwattom of calcium in sodium hydroxide 

' ere large amounts of calcium are encountered in crude sodium hydroxide die 
m!,y be P art ot llle integrated scheme for the separation and de- 

R.O,‘#S?,ts£ !S. % Chem " A " al - Ed - *>• MW* Williams, D, and Andes, 
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termination of various impurities (see below) or may be determined directly by 
an ethylenediaminetetraacetate titration at pH 12-12.5 employing a suitable metal 
indicator (e g., murexide, Calcon, calcein) essentially after the procedure in Vol. I 
page 265, omitting a tungstate separation, with iron and aluminum masked by the 
addition of adequate amounts of cyanide and triethanolamine. Where only small 
amounts of calcium are encountered (2-15 parts per million), a prior concentra- 
tion of calcium is required. The use of the Dowex chelating resin A-l for this 
purpose is elegant, since any heavy metals also concentrated can be masked in the 
subsequent ethylenediaminetetraacetate titration of calcium in the eluate. 11 ® 

Procedure for Separation and Determination of Trace Calcium.— Stir about 50 
g. of Dowex chelating resin A-l (as received in the Na form) with 50 ml. of 2 N 
HC1, allow to settle, decant the acid, and wash the resin with water. Now stir 
with 50 ml. of 2 N NaOH and allow to stand for 15 minutes (the resin \oluiot 
almost doubles). Place the resin, now in the Na form, in a 15-cm. column on top 
of a borosilicate wool plug to a height of 10 cm. Wash the column with water 
until the effluent is free of alkali. After use, die resin may be regenerated in situ 
to the Na form by the slow passage of 2 N NaOH followed by rinsing of the 
column with water. The resin column must be covered widi liquid at all times. 

Dilute or dissolve a suitable sample of the NaOH (25 g. of 100% NaOH) with 
about 100 ml. of water, and just neutralize with 12 N HC1 to litmus. Dilute to 
a volume of about 250 ml. and pass die solution through die chelating resin 
column (Na form) at a rate of 2 ml. per minute. Now pass 100 ml. of water. 
Discard these effluents. Elute the calcium with 25 ml. of 2 N HC1 and wash with 
50 ml. of water, collecting the eluate and washings in a single beaker. Add 10 
ml. of reagent grade triethanolamine and 30 mi. of 2 N NaOH solution, and di- 
lute to a volume of about 200 ml. with water. Add a suitable metal (calcium) in- 
dicator (e.g., 50 mg. of a 5:3:500 ground mixture of calcein, thymolpthalein, and 
sodium chloride) and titrate with a 0.02 Af solution of disodium ethylenediamine- 
tetraacetate (EDTA) from a microburet to the end point. In the same manner, 
titrate 30 ml. of the 2 N NaOH solution as a blank. The % Ca = (ml. of EDTA 
icquired for sample - ml. of EDTA for blank) X (molarity of EDTA) X 0.04008 
X 100 -f- (sample weight in g.). 

Remarks .—' The Dowex chelating resin A-l offers salient possibilities for the con- 
centration of other trace elements from salt solutions, such as are obtained by the 
simple neutralization of common acids and bases. 111 

DETERMINATION OF VARIOUS IMPURITIES IN SODIUM 
HYDROXIDE 

In the analysis of extremely crude sodium hydroxide, the determination of silica, 
aluminum, iron, calcium, and magnesium, may be integrated into a separation 
scheme, 112 which in essence parallels the classic approach to the analysis of these 
substances in gypsum (see Vol. I, page 273). A suitable sample of the alkali (50 g- 
of 100% NaOH or K.OH) is dehydrated by hydrochloric acid evaporations, silica 
is separated, and ignited and weighed in the usual manner. (If an appreciable 
residue remains after a hydrofluoric acid volatilization, it is fused with potassium 
bisulfate, dissolved in acidified water, and combined with the filtrate from the 

110 Van der Reyden, A. J., and van Lingen, R. L. M., Z. anal. Chem., 187, 241, 1962. 

111 For literature, see data sheet on product, J. T. Baker Chem. Co. .. 

U 2 Tor full procedural details, see Solvay Process Division, Allied Chem. Corp., 

No. 9, The Analysis of Alkalies, 1961, 80 pp. 
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silica separation.) Aluminum and iron are separated by an ammomacal precipita- 
tion United to oxides, and weighed. Iron is subsequently determined and alumi- 
num is found by difference. Calcium and magnesium in the filtrate from the am- 
moniacal separation are determined by gravimetric oxalate and PF°P^“P h ^® 
methods. Of course, ethylenediaminetetraacetate titrations may be substituted to 
the determination of calcium and magnesium and possibly of iron and aluminum 
as well. Where iron and calcium are present in only small amounts, drey may be 
determined directly (see above). Where silica is present in only small amounts, 
a molybdenum blue photometric procedure is suitable (see Vol. I, page 9G2). 113 

For die application of sodium hydroxide in the nuclear industry, the trace boron 
content may be of interest and determined, after acidification, by a methyl borate 
distillation procedure followed by the photometric determination of borate (see 
Vol. I, pages 233-235). In one study special distillation conditions have been rec- 
ommended and the use of curcumin as the chromogenic agent. 111 

For the analysis of pharmaceutical grade and reagent grade sodium hydroxide, 
relevant monographs should be consulted ( U . S. Pharmacopeia and works cited in 
the footnote on page 552). 

SPECTROGRAPHIC DETERMINATION OF IMPURITIES IN 

SODIUM HYDROXIDE 

Direct spectrographic methods using an internal standard, often molybdenum, 
are frequently employed in the control of the production of alkali metal hydrox- 
ides and carbonates. The procedures published by the American Society for Test- 
ing Materials are applicable. 115 


POTASSIUM HYDROXIDE 

Potassium hydroxide (caustic potash), KOH, is offered in tire technical and 
commercial grades in various physical forms ranging in composition from 73 to 
96% KOH, of which the product 92% KOH nominal is the most common. The 
U. S. Pharmacopeia recognizes a product containing not less than 85% total alkali 
as KOFI and including not more than 3.5% K 2 C0 3 . Reagent grade potassium 
hydroxide, meeting American Chemical Society specifications, contains not less 
than 85% KOH, and is also available in a low-chloride form (<0.005% Cl). It 
should be recognized that in all grades, water is present and accounts principally 
for the low potassium hydroxide content. A 15% aqueous solution of potassium 
hydroxide is available in both the technical and reagent grades. 

The analysis of potassium hydroxide, other than for sodium content, is identical 

to that of sochum hydroxide; hence, the appropriate factors for potassium hydrox- 

ic e have been included parenthetically in the procedures for sodium hydroxide 

(see above). Since commercial potassium compounds contain appreciable amounts 

of sodium, the determination of sodium in potassium hydroxide is of interest- the 

usual procedure, involving removal of the bulk of potassium as the perchlorate 

and the gravimetric determination of sodium as die magnesium uranyl acetate s 
given in Vol. I, page 16. y acetate, is 

of So “ d Sodiun Hy “ “ d ' c “ sii ' ^5'S: M n sSerfotS 

sTEd^haadd^r'llo!' f ° r EmlSSi0n Specerochenaicnl Analysis, 
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SODIUM CARBONATE 

Sodium carbonate (soda ash, calcined soda, "ash,’' “soda"), Na 2 C0 3 , is offered 
principally in the anhydrous form containing nominally 58% Na 2 0 (99% Na 2 C0 3 ), 
and as the monohydrate (crystal carbonate) containing nominally 48% Na 2 0 (82% 
Na 2 C0 3 ). The anhydrous product is offered in both a light and dense form 
("light ash" and “dense ash”); the latter is sometimes produced with a higher cal- 
cium content. (For consideration of sodium sesquicarbonate and modified sodas, 
see below.) Sodium carbonate decahydrate (sal soda, washing soda, soda crystals, 
natron), Na>C0 3 • I0H 2 O, is also offered commercially. The U. S. Pharmacopoeia 
recognizes a monohydtaie form containing 99.5% minimum NaXOj on a dried 
basis. Reagent grade sodium carbonate, meeting American Chemical Society speci- 
fications, is available in the anhydrous and monohydrate forms. For the analysis 
of the pharmaceutical and reagent products, relevant monographs should be con- 
sulted \U. S. Pharmacopeia and works cited in the footnote on page 552). Since 
the aualysis of potassium carbonate parallels that of sodium carbonate, factors for 
the former ate given parenthetically in the following procedures. 

SAMPLING OF SODIUM CARBONATE 

For the analysis of sodium carbonate, a Sodium Carbonate Sample Solution and 
a Sodium Carbonate Sample Solution for Trace Metal Analysis are prepared in the 
same manner as the corresponding sodium hydroxide solutions (page 601), but em- 
ploying sample weigltts of 45 g. and 50 g- of 100% Na 2 C0 3 , respectively. (Similar 
sample weights are employed in the analysis of potassium carbonate.) 

DETERMINATION OF TOTAL ALKALINITY OF SODIUM 
CARBONATE 

For the determination of the total alkalinity of sodium carbonate, the procedure 
is identical to that for sodium hydroxide. The result may be expressed as % 
Na 2 C0 3 or as % Na 2 0. Where the bicarbonate content has been determined (see 
below), the % Actual Na 2 C0 3 = % Total Alkalinity as Na 2 C0 3 — % NaHC0 3 X 
0.63083 or % Actual Na 2 0 = % Total Akalinity as Na 2 0 - % NaHCO a X 
0.36889. (For the analysis or potassium carbonate, % Actual K 3 C0 3 = % Total 
Alkalinity as K 2 C0 3 - % KHCO a X 0.69025.) 

DETERMINATION OF SODIUM BICARBONATE IN SODIUM 
CARBONATE 

The determination of bicarbonate in sodium carbonate is usually based on the 
addition of a sufficient amount of sodium hydroxide to convert bicarbonate to 
carbonate, precipitation of barium carbonate by the addition of barium chloride, 
and back-titration of the excess of sodium hydroxide to the disappearance of the 
pink color of phenolphtbalein. The classical procedure (Winkler’s method) can 
be modified to give more satisfactory precision, especially where only a sma 
amount of bicarbonate is present, by substitution of a potentiometric end point. 
For routine process control, bicarbonate may be estimated, especially where a 
large amount is present, by a direct titration with sodium hydroxide using silver 
nitrate as an external indicator. 

ns Regier, R. B., Anal. Chein., 19, J039, 1947; see also ASTM std. D50l. 
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Visual Titration Procedure.- Transfer a 50-ml. aliquot of the Na 2 C0 3 Sample 
Solution to a conical flask. Add 0.1 N (C0 2 -free) NaOH m slight access (>1 ml.) 
of that required by the NaHCO, present and 300 ml. of 10% BaCl 2 so utron (neu- 
tralized to a faint pink color after addition of some phenolpluhalein). Without 
separation of die precipitate and with continuous stirring, titrate the excess of 
NaOH with 0.1 N HC1 to the decolorization of the phenolpluhalein. Then titiate 
the same amount of NaOH solution with the HC1 solution in the presence of the 
same amount of BaCl 2 solution (or rely on the established normalities); let F = ml. 
of NaOH equivalent to exactly 1 ml. of HC1. Then % NaHCO ;{ = (ml. of NaOH 
added - ml. of HC1 consumed by sample X F) X (normality of NaOH) X 0.084007 
X 100 4 - (sample weight in g. represented by the aliquot taken), (for % KHCO ;! 
the factor is 0.10012.) 

Remarks— Some workers prefer, after the volume of NaOH required to convert 
all NaHC0 3 in the sample to Na 2 CO ;t has been calculated from the experimental 
result, actually to add this amount to a further aliquot of the Sample Solution 
under the titration conditions, and, if necessary, conduct a further titration with 
HC1. As in the potentiometric titration procedure, given below, it is also possible 
to employ a known weight of bicarbonate-free Na 2 C0 3 in the second titration, 
thus more closely duplicating the conditions in the titration of the sample. 

Potentiometric Titration Procedure— Place a 50-ml. aliquot of the Na 2 C0 3 Sam- 
ple Solution in a 250-ml. beaker. Add exactly 5 ml. of 0.1 N NaOH from a pipet 
and 100 ml. of a 10% BaCl 2 solution (122 g. of BaCl 2 -2H 2 0 dissolved and diluted 
with water to 1000 ml. and neutralized to added phenolpluhalein). Insert the 
calomel-glass electrode pair of a pH-meter in the solution and titrate promptly 
with 0.1 N HC1 while stirring continuously. When the pH changes, record the 
readings after each addition of a 0.1 -ml. increment of HC1. Now in the same 
manner titrate a weight equal to that of the sample (represented by the aliquot 
of the sample solution taken) of bicarbonate-free Na 2 C0 3 (prepared by ignition 
of Na 2 C0 3 of reagent grade or preferably of a portion of the sample itself at 
200°C. overnight or at 250°C. for a shorter time). Plot pH versus ml. of HC1 for 
the titration of the sample and the bicarbonate-free Na 2 C0 3 on the same coordi- 
nates. The difference between the inflection points of the two curves corresponds 
to the bicarbonate content of the sample. The % NaFICO., = (ml. of HC1 re- 
quired by sample - ml. of HC1 required by the bicarbonate-free Na.,CO.,) X (nor- 
mality of HC1) X 0.084007 X 100 4- (sample weight in g. represented by the aliquot 
taken). (The factor for % KHCO. { is 0.10012.) 

External Indication Procedure.- Transfer a 50-ml. aliquot of the Na.,CO. Sam- 
ple Solution to a 250-ml. beaker. Titrate with 1.0 N NaOH until 1 drop of the 
solution added to a drop of a freshly prepared 10% AgN0 3 solution in water on a 
white spot plate gives a dark color instantly (due to the formation of hvdrons 

T1 r NaHC °3 = ( mL of NaOH) X (normality of NaOH) X 0.0840 X 
100 4- (weight of sample in g. represented by the aliquot taken). 

Remark.-Some degree of experience is required in the recognition of the end 
point before satisfactory results can be secured. This procedure is unsuitable for 
referee analysis or where only a small amount of bicarbonate is present. 

DETERMINATION OF IMPURITIES IN SODIUM CARBONATE 

All procedures for the determination of impurities in i , • , 

plicabie to sodium carbonate without serious modification (chionn^t,™,^ 
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are seldom required). For die determination of chloride, the aliquot of the sam- 
ple solution taken will depend on the purity and source of the sodium carbonate 
sample, that is, on its chloride content. Where of interest, the loss of weight on 
drying at 250 # C. for 2 hr. (or better at 285°C.) is determined and, based on the 
content of sodium bicarbonate (which is converted on heating to Na 2 C0 3 , CO , 
and H 2 0), the free water present is calculated: The % Free H^O = % Loss in 
Weight on Heating — % NaHCOg X 0-3692. Further, the volatile matter at 150- 
155*C. (1 hr.) may be determined. 

The determination of "matter insoluble in water" for sodium carbonate (and, 
where of interest, generally for alkali hydroxides, carbonates, modified sodas, etc.) 
is effected by dissolving a suitable sample (20-50 g.) in 300 ml. of water, filtering 
through a dry, tared Gooch or sinteied glass funnel, washing the filter with water 
until free of alkali, drying at 11Q°C., and weighing. (Some organizations prefer to 
bring the solution to boiling before the filtration; however, the possibility of weight 
loss by the crucible on the passage of the hot alkaline solution should be recog- 
nized.) 

Trace sulfate in sodium carbonate may be determined by a sulfide evolution 
method (see page 567). 

A special extraction procedure has been devised for the determination of trace 
oil in sodium carbonate. 117 

SODIUM BICARBONATE 

Sodium bicarbonate (sodium acid carbonate, baking soda), NaHC0 3 , is offered 
principally in the pharmaceutical grade, meeting the requirements of die U. S. 
Pharmacopeia (95-105% NaHCO a , but typically 99.8-99.9%). High assay ma- 
terial is also available in the technical grade. The reagent grade product, meeting 
the specifications of the American Chemical Society, contains 99.7-100.3% 
NaHCOg. For the analysis of the pharmaceutical grade and reagent grade prod- 
ucts, relevant monographs should be consulted ( U . S. Pharmacopeia and the works 
cited in the footnote on page 552). For these grades, the assay is baseci on the 
direct titration of the dried sample with either sulfuric or hydrochloric acid to the 
methyl orange end point. A further approach based on the dicrmal decomposi- 
tion of the sample finds use. Employing a train, tlie loss in "weight on VifcV.vwg 
at 250 < ’C. and the weight of the evolved carbon dioxide (absorbed in soda-asbestos) 
are determined. From the results, the % NaHCOj, % Na 2 C0 3 , and % Free H 2 0 
aie calculated. 119 The determination of "matter insoluble in water” is accom- 
plished as described for sodium carbonate. 

POTASSIUM CARBONATE 

Potassium carbonate (potash), K 2 CO Sf is available in the technical grade in die 
nominal compositions 80-85, 85-95, 90-95, and 96-99% K 2 C0 3 (the remainder be- 
ing largely water). The sesquihydrate, K 2 C0 3 -1.5H 2 0 (85.3% K 2 CO a ) is encom- 
passed by the 8(1-85% material. In the technical grade, an aqueous solution con- 
taining 47% K 2 C0 3 minimum is also offered. The National Formulary recog- 
nizes a product containing 99% K 2 CO s minimum after drying for 4 hours at 
180*0. Reagent grade potassium carbonate, meeting American Chemical Society 

nr Tor procedure, see Sohay Process Div., Allied Chcm. Coip. Bull, No. 9, The 
Analysis of Alkalies, 1961, 80 pp. . 

ns Tor a suitable apparatus assembly and for procedural details see ASTM std. 
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identical to 
the sodium 
and, if the 
of the pvo- 


nSST of pta^dcal grade and reagent grade potassium carbonate rele- 
vant monographs should be consulted ((/. S. Pharmacopeia and works cited m 

footnote 27 on page 552). . . 

The analysis of technical grade potassium carbonate is essentially 
diat of sodium carbonate (and the relevant factors are included in 
carbonate procedures given above). Total alkalinity is determined 
product contains potassium bicarbonate, this is determined by one 
cedures given for titrimetric determination of sodium bicarbonate in sodium car- 
bonate. Alternatively, if the product contains potassium hydroxide, this is deter- 
mined essentially by the procedure for the determination of sodium hydroxide in 
sodium hydroxide (that is, with carbonate precipitated as barium carbonate, page 
602), but employing 500 ml. of the barium chloride solution and performing the 
titration with 0.1 N hydrochloric acid. 

In the preparation of the Potassium Carbonate Sample Solution for Trace Metal 
Analysis, analogous to the similar solution for sodium hydroxide, a sample weight 
of 65 g. of 100% KoC0 3 is usually suitable. Impurities commonly determined in 
potassium carbonate include chloride, iron, copper, nickel, and chlorate. The 
loss in weight on drying at 250°C. (or better at 2S5°C.) is also frequently deter- 
mined. 

Where the sodium content is of interest, it may be determined by the removal 
of the bulk of potassium as the perchlorate and the gravimetric determination of 
sodium as the magnesium uranyl acetate as given in Vol I, page 16. 


MODIFIED SODAS 

Sodium sesquicarbonate (trona, natrona, “modified soda,” laundry soda), NaXOg- 
NaHC0 3 -2H 2 0, is offered in a commercial grade as are other mixtures of sodium 
bicarbonate and sodium carbonate which are all termed sesquicarbonate-type modi- 
fied sodas. The analysis of these products parallels that of sodium carbonate. 
Common determinations include total alkalinity expressed as Na..O, sodium bi- 
carbonate, sodium carbonate (by difference), and sodium chloride; matter insoluble 
in water is determined sometimes as well. Because of the large bicarbonate con- 
tent, its direct titration with sodium hydroxide using silver nitrate as an external 
indicator often affords sufficient accuracy for routine control purposes. Where 
sufficient ammonium salts are present in the product to warrant their determina- 
tion, digestion with sulfuric acid after Kjeldahl, distillation, and titration of col- 
lected ammonia is usually employed (Vol. I, page 740). In order to report the 
results on a one hundred per cent basis, water is often calculated by subtracting 
the sum of the percentages of the major constituents from 100%. ° 


MIXTURES OF SODIUM HYDROXIDE AND CARBONATE 

(SUPER ALKALIES) 

Mixtures containing sodium hydroxide and sodium carbonate are often termed 
super alkalies and are offered in various commercial formulations. For these 
products, often only the major constituents are determined. Where of interest 
impurities may be determined by the procedures given for sodium hydroxide. The 
preparation of the Sample Solution and the determination of the total alkalinitv 

nrnreT ed T % i N ‘r 0) f ° U ° W the P rocedures g^en for sodium hydroxide ‘ The 
procedure for the determination of sodium hydroxide in sodium hydroxide (with 
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carbonate precipitated as barium carbonate, page 602) is applicable, but a 25-mi, 
aliquot of the Super Alkali Sample Solution and 100 ml. of the barium chloride 
solution are employed. The results are usually expressed as % Na. 2 C0 3 and 
NaOH. The % Na 2 C0 3 = (% Total Alkalinity Expressed as Na 2 0 - % NaOH X 
0.7748) X 1.7101. 

ALKALINE DETERGENTS AND OTHER BASES 

The analysis of mixed bases, including alkali metal hydroxides, carbonates, sili- 
cates, phosphates and borates is he>ond the scope of this chapter. For the analysis 
of alkali metal phophates, consult Vol. I, Chapter 35, and also ASTM standards 
D301, D538, and D595. For the analysis of alkali metal hydroxides, carbonates, and 
their mixtures, see the relevant Solvay bulletin 119 and ASTM standards D50I, D456, 
D457, D458, and D928. For the analysis of detergents containing alkali metal 
boiates and silicates, see ASTM standards D50I, D537, D594, and D929. 

SPECIFIC GRAVITY-COMPOSITION TABLES 
INTRODUCTION 

In the following tables the Degrees Baume (Heavy) and Degrees Twaddell are 
given for 60°F. and are related to die specific gravity at exactly 60'F. compared to 
water at the same temperature as follows: 

Degrees Baum6, Heavy =» 145 — (145/Specific Gravity) 

Degrees Twaddell = (Specific Gravity — 1) X 200 
With some tables, allowances are given for correcting the °Bt£. to other temperatures 
(the correction being added to the observed value on die hydrometer for a tem- 
perature above 60°F., and subtracted for below 60° F.) 

Aqua ammonia, since it has values for the specific gravity below 1.0 is expressed 
iu Degrees Baume, Light, which is related at 60°F. to the specific gravity at exactly 
60°F. compared to water at the same temperature as follows: 

Degrees Baume, Light = (140/Specific Gravity) — 130 
For the use of hydrometers in the estimation of specific gravity, see page 534. 
The Baum6 hydrometers used should be graduated by the formulae given above. 

For the plant use of these tables, the following conversion factors, which neglect 
the change in the density of water with temperature, are useful: 

Specific gravity X 62.43 — approx, lbs. of soln. per cu. ft. 

Specific gravity X 8.345 = approx, lbs. of soln. per U. S. gallon 
Approx, lbs. of soln. per cu. ft. X % (w/w) X 0.01 = approx. Ibs. of solute per cu. ft. 
Approx, lbs. of soln. per U. S. gallon X % {w/w) X 0.01 

= approx, lbs. of solute per U. S. gallon 

For further density data on common solutions, consult International Critical 
Tables or various handbooks. 

ii»Sohay Process Div., Allied Chem. Corp. Bull., No. 9, The Analysis of Alkalies, 1961. 

80 pp. 
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degrees 

Baume 

sp. gr. 
60/60°F. 

degrees 

Twaddell 

% w/w 
H 0 SO 4 

lbs. per 
cu. ft. 

% w/w 
O.V. 

lbs. O.V. 
per cu. ft. 

Freezing 

pt., °F. 

o 

1 0000 

0.0 

0.00 

62.37 

0.00 

0.00 

32.0 

1 

1.0069 

1.4 

1.02 

62.80 

1.09 

0.68 

31.3 

9 

1 0140 

2.8 

2.08 

63.24 

2.23 

1.41 

30.5 

3 

1.0211 

4.2 

3.13 

63.69 

3.36 

2.14 

29.7 

4 

1.0284 

5.7 

4.21 

64.14 

4.52 

2.90 

28.9 

5 

1.0357 

7.1 

5.28 

64.60 

5.67 

3.66 

28.0 

6 

1.0432 

8.6 

6.37 

65.06 

6.84 

4.45 

27.0 

7 

1.0507 

10.1 

7.45 

65.53 

7.99 

5.24 

25.8 

8 

1.0584 

11.7 

8.55 

66.01 

9.17 

6.06 

24.6 

9 

1.0662 

13.2 

9.66 

66.50 

10.37 

6.89 

23.5 

10 

1.0741 

14.8 

10.77 

66.99 

11.56 

7.74 

22.3 

11 

1.0821 

16.4 

11.89 

67.49 

12.76 

8.61 

21.0 

12 

1.0902 

18.0 

13.01 

68.00 

13.96 

9.49 

19.4 

13 

1.0985 

19.7 

14.13 

68.51 

15.16 

10.39 

17.7 

14 

1.1069 

21.4 

15.25 

69.04 

16.36 

11.30 

16.3 

15 

1.1154 

23.1 

16.38 

69.57 

17.58 

12.23 

14.0 

16 

1.1240 

24.8 

17.53 

70.10 

18.81 

13.19 

12.0 

17 

1.1328 

26.6 

18.71 

70.65 

20.08 

14.18 

9.9 

18 

1.1417 

28.3 

19.89 

71.21 

21.34 

15.20 

7.7 

19 

1.1508 

30.2 

21.07 

71.78 

22.61 

16.23 

4.4 

20 

1.1600 

32.0 

22.25 

72.35 

23.87 

17.27 

+ 1.0 

21 

1.1694 

33.9 

23.43 

72.94 

25.14 

18.34 

-2.5 

22 

1.1789 

35.8 

24.61 

73.53 

26.41 

19.42 

-6.5 

23 

1.1885 

37.7 

25.81 

74.13 

27.69 

20.53 

-11.1 

24 

1.1983 

39.7 

27.03 

74.74 

29.00 

21.68 

-16.0 

25 

1.2083 

41.7 

28.28 

75.36 

30.34 

22.87 

-21.9 

26 

1.2185 

43.7 

29.53 

76.00 

31.69 

24.08 

-28.0 

27 

1.2288 

45.8 

30.79 

76.64 

33.04 

25.32 

-35.6 

28 

1.2393 

47.9 

32.05 

77.30 

34.39 

26.58 

— 44.3 

29 

1.2500 

50.0 

33.33 

77.96 

35.76 

27.88 

-55.3 

30 

1.2609 

52.2 

34.63 

78.64 

37.16 

29.22 

— 69 5 

31 

1.2719 

54.4 

35.93 

79.33 

38.55 

30.58 

— 78 7 

32 

1.2832 

56.6 

37.26 

80.03 

39.98 

32.00 

— 75 2 

33 

1.2946 

58.9 

38.58 

80.74 

41.40 

33.42 

— 72 0 

34 

1.3063 

61.3 

39.92 

81.47 

42.83 

34.90 

-69.3 

35 

1.3182 

63.6 

41.27 

82.22 

44.28 

36 41 

— 66.5 
-44.5 
-57.0 
-50.6 
-44.0 

36 

37 

38 

39 

1.3303 

1.3426 

1.3551 

1.3679 

66.1 

68.5 
71.0 

73.6 

42.63 

43.99 

45.35 

46.72 

82.97 

83.74 

84.52 

85.32 

45.74 

47.20 

48.66 

50.13 

37.95 

39.53 

41.13 

42.77 
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SULFURIC ACID, 0~66°B6. ( Continued ) 


degrees 

Baumfe 

sp. gr. 
60/60 °F. 

degrees 

Twaddell 

% w/w 
H 2 SO 4 

ibs. per 
cu. ft. 

% w/w 

O.V. 

lbs. O.V. 
per cu. ft. 

Freezing 
pt., ®F. 

40 

1.3810 

76.2 

48.10 

86.13 

51.61 

44.45 

-38.2 

41 

1.3942 

78.8 

49.47 

86.96 

53.08 

43.16 

-33 0 

42 

1.4078 

81.6 

50.87 . 

87.80 

54.58 

47.92 

-28.6 

43 1 

1.4216 i 

84.3 

52.26 | 

88.67 

56.07 

49,72 i 

-25.5 

44 | 

1.4356 | 

87.1 

53.66 | 

89.54 | 

57.58 

51.56 ! 

- 22.8 

45 1 

1.4500 

90.0 

55.07 

90.44 i 

59.09 

53.44 i 

-20.9 

46 , 

1.4646 

92.9 

56.48 

91.35 

60.60 ' 

55.36 , 

— 19.3 

47 1 

1.4796 

95.9 

57.90 

92.28 1 

62.13 

57.33 1 

-19.1 

48 

1.4948 

99.0 

| 59.32 

93.23 

63.65 

59.34 i 

-19.8 

49 

1.5104 

102.1 

60.75 

94.20 

65.18 

61.40 

- 22.0 

50 

1.5263 

105.3 

62.18 

95.20 

66.72 

63.52 

-25.4 

51 

1.5426 

108.5 

63.66 

96.21 

68.31 

65.72 

-29.6 

52 

1.5591 

111.8 

1 65.13 

97.24 

69.89 

67.96 

-34.2 

53 

1.5761 

115.2 

66.63 

98.30 

71.50 

70.28 

I -36.0 

54 

1.5934 

118.7 

68.13 

99.38 

73.11 

72.66 

-39.5 

55 

1.6111 

122.2 

69.65 

100.48 

74.74 

75.10 

1 -45.0 

56 

1.6292 

125.8 

71.17 

101.61 

76.37 

77.60 

-40.8 

57 1 

1.6477 

129.5 

| 72.75 

102.77 

78.07 

80.23 

-39.4 

58 1 

1.6667 

133.3 

74.36 

103.95 

79.79 

82.95 

1 -28.4 

53 

1.6860 

137.2 

75.99 

105.16 

81.54 

85.75 

-9.0 

60 

1.7059 

141.2 

77.67 

106.40 

83.35 

88.68 

. +11.5 

61 , 

1.7262 

145.2 

79.43 

107.66 

85.23 

91.76 

29.3 

62 1 

1.7470 

149.4 

81.30 

108.96 

87.24 

95.06 

39.5 

63 , 

1.7683 1 

153.7 

83.34 

110.29 

89.43 

98.63 

45.6 

64 

1.7901 

158.0 

85.66 

111.65 

91.92 

102.63 

44,8 

64* 

1.7957 | 

159.1 

86.33 

112.00 

92.64 

1 103.75 

42.9 

64* 

1.8012 , 

160.2 

87.04 

112.34 

93.40 

104.93 

40.0 

64* 

1.8068 1 

161.4 

87.81 

112.69 

94.23 

, 106.19 

36 0 

65 

1.8125 

162.5 

88.65 

113.05 

95.13 , 

107.54 

31.2 

65* 

1.8182 

| 163.6 

89.55 

113.40 

96.10 

108.97 

24.5 

65J | 

1.8239 

164.8 

90.60 

113.76 

97.22 

110.60 

15.0 

65 * 1 

1.8297 

1 165.9 

91.80 

114.12 

98.51 

112.42 

+2.5 

66 | 

1.8354 

1 167.1 

93.19 

114.47 

100.00 

114.47 



ALLOWANCE FOR TEMPERATURE 


At 10°Be. .029 °Be. or .00023 Sp. Gr. = 1°F. 
At 20°U6. ,036°Be. or .00034 Sp. Gr. = 1°F. 
At 30°Be. .035 °Be. or .00039 Sp. Gr. * 1°F. 
At 40 “Be. ,031°Bc. or .00041 Sp. Gr. = 1°F. 


At 50°Be. .028° B6. or .00045 Sp. Gr. = IF. 
At 60°Be. .026° B6. or .00053 Sp. Gr. <- !*• 
At 63°Be. .026° B 6. or .00057 Sp. Gr. = 1 *• 
At 66°B€. .0235 °B6. or .00054 Sp. Gr. = 1 


Specific gravity, 60°F. compared to HzO at 60°F. Oil of Vitriol = O.V. = 66°B6. Freezing 
pts. based on Gable, Betz, & Maron, J. Am. Chem. Soc., 72, 1445, I960; rest of table 
adopted as standard, 1904, Manufacturing Chemists’ Assoc, of U. S. (authorities, Ferguson 
Talbot). 
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% w/w 

H 2 so 4 

sp. gr. 
60/60°F. 

lbs. per 
cu. ft. 

% w/w 

O.V. 

lbs. O.V. 
per cu. ft. 

Freezing 

PC °F. 

% w/w 
SO3 

lbs. S0 3 
percu. ft. 

94.0 

1.8381 

114.64 

100.87 

115.64 

wm 

76.73 

87.97 

95.0 

1.8407 

114.80 

101.94 

117.03 

HU 

77.55 

89.03 

96.0 

1.8427 

114.93 

103.01 

118.39 

HE 1 

78.37 

90.07 

97.0 

1.8437 

114.99 

104.09 

119.69 

19.5 

79.18 

91.05 

97.5 

1.8439 

115.00 

104.63 

120.32 

(24) 

79.59 

91.53 

98.0 

1.8437 

114.99 

105.16 

120.92 


80.00 

91.99 

99.0 

1.8424 

114.91 

106.23 

122.07 


80.82 

92.87 

100.0 

1.8391 

114.70 

107.31 

123.08 

51.7 

81.63 

93.63 


ALLOWANCE FOR TEMPERATURE 

At 94%, .00054 Sp. Gr. = 1°F. At 97.5%, .00052 Sp. Gr. = 1°F. 

At 96%, .00053 Sp. Gr. = 1°F. At 100%, .00052 Sp. Gr. = 1°F. 

Specific gravity, 60°F. compared to water at 60°F. Oil of Vitriol = O.V. = 66° Be. 
Freezing points based on Gable, Betz, & Maron, J. Am. Chem. Soc., 72, 1445, 1960; 
rest of table adopted as standard, 1 938, Manufacturing Chemists’ Assoc, of U. S. (author- 
ity, Bishop). 


APPROXIMATE BOILING POINTS OF SULFURIC ACID * 


degrees 

Baume 

boiling 
PC °F. 

degrees 

Baume 

boiling 
PC °F. 

% w/w 

h 2 so 4 

boiling 
pt., °F. 

15 

217 

60 

380 

94 

548 

30 

230 

61 

393 

95 

566 

45 

267 

62 

408 

96 

586 

50 

292 

63 

426 

97 

606 

54 

318 

64 

447 

98 

621 

56 

335 

65 

477 

99 

590 

58 

355 

66 

535 

100 

526 


* Values based on analysis of modern data, staff, Allied Chem. Corp. 
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FUMING SULFURIC ACID EQUIVALENTS 


Total 

SO» 

Equivalent 

u>so* 

Per Cent 
HtSOt 

Per Cent 
Fiea SO» 

Total 

SO. 

Equivalent 

HiSO* 

Per Cent 
HiSO« 

I 

h\ 

81 63 

100.00 

100 

0 

90.82 

111.25 

50 


81 82 

100 23 

99 

1 

91.00 

111.48 

49 


82 00 

100 45 

98 

2 

91.18 

111.70 

48 

52 

82 18 

100 67 

97 

3 

91.37 

111.93 

47 

53 

82 37 

100 90 

96 

4 

91.55 

112.15 

46 

54 

82 55 

101.13 

95 

5 

91.73 

112.37 

45 

55 

82.73 

101.35 

94 

6 

91.92 

112 GO 

44 

50 

82 92 

101 58 

93 

7 

92.10 

112.82 

43 

57 

83 10 

101.80 

92 

8 

92.29 

113.05 

42 

53 

83.29 

102.03 

91 

9 

92.47 

113.28 

41 

59 

83 47 

102.25 

90 

10 

92.65 

113.50 

40 

60 

83 65 

102.47 

89 

11 

92 84 

113.73 

39 

61 

83 84 

102.70 

88 

12 

93.02 

113.95 

38 

62 

84 02 

102 92 

87 

13 

93.20 

114.17 

37 

63 

84 20 

103.15 

86 

14 

93.39 

114.40 

36 

64 

84 39 

103.38 

85 

15 

93.57 

114.62 

35 

65 

84 57 

103.60 

84 

16 

93 76 

114.85 

34 

66 

84 75 

103 82 

83 

17 

93.94 

115.08 

33 

67 

84 9-1 

104 05 

82 

IS 

94.12 

115.30 

32 

63 

85 12 

104 27 

81 

10 

94.31 

115 53 

31 

69 

85 31 

104 50 

so 

20 

94 49 

115.75 

30 

70 

85 49 

104.73 

79 

21 

94 67 

115.97 

29 

71 

85 67 

104 95 

78 

22 

94 86 

116.20 

28 

72 

85 86 

105.18 

77 

23 

95 04 

116.42 

27 

73 

86 01 

105 40 

76 

24 

95 22 

116.65 

26 

74 

86 22 

105 62 

75 

25 

95 41 

116.88 

25 

75 

86 41 

105 85 

74 

26 

95 59 

117 10 

24 

76 

86 59 

1C6 07 

73 

27 

95 78 

117.33 

23 

77 

86 78 

106 30 

72 

28 

95 96 

117.55 

22 

78 

86 96 

106 53 

71 

29 

96 14 

117.77 

21 

79 

87.14 

106 75 

70 

30 

96 33 

118.00 

20 

80 

87 33 

106 98 

69 

31 

96 51 

118.22 

19 

81 

87 51 

107 20 

63 

32 

96.69 

118.45 

18 

82 

87 69 

107.42 

67 

33 

96 88 

118 68 

17 

S3 

87 88 

107 65 

66 

34 

97.06 

118.90 

16 

84 

88 06 

107.87 

65 

35 

97.25 

119.13 

15 

85 

88 24 

108 10 

64 

36 

97.43 

119.35 

14 

86 

88 43 

108.33 

63 

37 

97.61 

119.57 

13 

87 

88.61 

108.55 

62 

38 

97 80 

119.80 

12 

88 

88 80 

108 78 

61 

39 

97.98 

120.03 

11 

89 

88 98 

109 00 

60 

40 

98.16 

120.25 

10 

90 

89 16 

109 22 

59 

41 

98.35 

120.48 

9 

91 

89 35 

109.45 

58 

42 

98.53 

120.70 

8 

92 

89 53 

109.67 

57 

43 

98.71 

120.92 

7 


89.71 

109.90 

56 

44 

98.90 

121.15 

6 


89 90 

110.13 

55 

45 

99.08 

121.37 

5 

95 

90 08 

110.35 

54 

46 

99.27 

121.60 

4 


90.27 

110.58 

53 

47 

99.45 

121.83 

3 

97 

90.45 

110.80 

52 

48 

99.63 

122.05 

2 


90.63 

111.02 

51 

49 

99.82 

122.28 

1 

99 





100.00 

122.50 

0 













Compiled from the table by H. B, Bishop, Van Nostrand's Chemical Annual, 1913. 
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NITRIC ACID 


Degrees 

Baume. 

Sp. Gr. 
6o° 

6o° 

Degrees 

Twaddell. 

Per Cent 

hno 3 . 

Degrees 

Baume. 

Sp. Gr. 

6°° p. 

6o° 

Degrees 

Twaddell. 

Per Cent 
HNOj. 

10 00 

1.0741 

14.82 

12.86 

21.25 

1.1718 

34 36 

2S.02 

10.25 

1 0761 

15.22 

13. IS 

21.50 

1.1741 

34.82 

28.36 

10.50 

1.07S1 

15.62 

13.49 

21.75 

1.1765 

35-30 

28.72 

10.75 

1.0801 

16.02 

13.81 

22.00 

1.1789 

35.78 

29.07 

11.00 

1.0S21 

16.42 

14.13 

22.25 

1.1813 

36-26 

29.43 

11.25 

1 .0841 

16.82 

14.44 

22.50 

1.1837 

36.74 

29 78 

11.50 

1.0861 

17.22 

14.76 

22.75 

1.1861 

37.22 

30.14 

11.75 

1.0SS1 

17.62 

15.07 

23.00 

1.1885 

37.70 

30.49 

12.00 

1 .0902 

18.04 

15.41 

23.25 

1.1910 

38.20 

30.86 

12.25 

1 .0922 

18.44 

15.72 

23.50 

1.1934 

38.68 

3121 

12.50 

1.0943 

18.86 

16.05 

23.75 

1.1959 

39.18 

31.58 

12.75 

1.0964 

19.28 

16.39 

24.00 

1.1983 

39.66 

31.94 

13.00 

1.0985 

19.70 

16.72 

24.25 

1.2008 

40.16 

32.31 

13.25 

1.1006 

20.12 

17.05 

24.50 

1.2033 

40.66 

32.68 

13.50 

1.1027 

20.54 

17.38 

24.75 

1.2058 

41.16 

33 05 

13.75 

1.1048 

20 96 

17.71 

25.00 

1.20S3 

41.66 

33.42 

14.00 

1.1069 

21.38 

18 04 

25.25 

1.2109 

42.18 

33.80 

14.25 

1 . 1090 

21.80 

IS 37 

25.50 

1.2134 

42 68 

34 17 

14 50 

1.1111 

22.22 

13.70 

25.75 

1 2160 

43.20 

34 56 

14 75 

1.1132 

22.64 

19.02 

26.00 

1 21S5 

43.70 

34.94 

15.00 

1 1154 

23.08 

19.36 

26.25 

1.2211 

44.22 

35.33 

15.25 

1.1176 

23.52 

19.70 

26.50 

1.2236 

44.72 

35.70 

15.50 

1.1197 

23.94 

20.02 

26.75 

1 .2262 

45.24 

36 09 

15.75 

1.1219 

24. 3S 

20.36 

27.00 

1.22SS 

45.76 

36.48 

16.00 

1.1240 

24 SO 

20.69 

27.25 

1.2314 

46. 2S 

36 87 

16.25 

1.1262 

25.24 

21.03 

27.50 

1.2340 

46.80 

37 26 

16.50 

1 12S4 

25. 6S 

21.36 

27.75 

1.2367 

47.34 

37.67 

16.75 

1.1306 

26.12 

21.70 

28.00 

1.2393 

47. S6 

38 06 

17 00 

1 . 1328 

26.56 

22 04 

28.25 

1.2420 

48.40 

3S 46 

17.25 

1 . 1350 

27.00 

22.38 

28.50 

1.2446 

48.92 

38.85 

17.50 

1.1373 

27.46 

22.74 

28.75 

1.2473 

49.46 

39.25 

17.75 

1.1395 

27.90 

23. OS 

29.00 

1.2500 

50.00 

39 66 

18.00 

1.1417 

2S.34 

23 42 

29.25 

1.2527 

50.54 

40.06 

18.25 

1 . 1440 

28.80 

23.77 

29.50 

1.2554 

51. OS 

40.47 

18.50 

1.1462 

29.24 

24.11 

29.75 

1.25S2 

51.64 

40.89 

18.75 

1 . MSS 

29.70 

24.47 

30.00 

1.2609 

52. IS 

41 30 

19.00 

1.1508 

30.16 

24.82 

30.25 

1.2637 

52 74 

41 72 

19.25 

1.1531 

30.62 

25. IS 

30.50 

1.2664 

53 2S 

42 14 

19.50 

1.1554 

31.08 

25.53 

30.75 

1.2692 

53.84 

42 58 

19.75 

1.1577 

31.54 

25 SS 

31 00 

1.2719 

54.38 

43 00 

20.00 

1.16C0 

32 CO 

26 24 

31.25 

1.2747 

54.94 

43.44 

20.25 

1.1624 

32. 4S 

26 61 

31.50 

1.2775 

55.50 

43 89 

20.50 

1.1647 

32.94 

26.96 

31.75 

1.2S04 

56.08 

44 34 

20.75 

1.1671 

33.42 

27.33 

32.00 

1 2832 

56.64 

44.78 

21.00 

1.1694 

33.88 

27.67 

32.25 

1.2861 

57.22 

45.24 
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NITRIC ACID (Continued) 


Degrees 

Sp. Gr. 

6o° 

Degrees 

Twidiell. 

Per Cent 

am,. 

Degrees 

Bourne. 

Sp. Gr. 

6o° 

Degrees 

T waUdell. 

Per Cent 
arro,. 

32.50 

1 . 2889 

57.78 

45.68 

40.75 

1.3909 

78.18 

63.43 

32.75 

1.2918 

53.36 

46.14 

41.00 

1.3942 

78.84 

64.20 

33.00 

1.2946 

58.92 

4G.$8 

41.25 

1.3976 

79.52 

64.93 

33.25 

1.2975 

59.50 

47.04 

41.50 

1.4010 

80.20 

65.67 

33.50 

1.3001 

60.08 

47.49 

41.75 

1.4044 

80.88 

66.42 

33.75 

1.3034 

60.68 

47.95 

42.00 

1.4078 

81.56 

67.18 

34.00 

1.3063 

61.26 

48.42 

42.25 

1.4112 

82.24 

67.95 

34.25 

1 .3093 

61. SO 

48.90 

42.50 , 

1.4146 

82.92 

68.73 

34.50 

1.3122 

62.44 

40.35 

42.75 

1.4181 

83.62 

69.52 

34.75 

1.3152 

63 04 

49. S3 

43.00 , 

1.4216 

84.32 

70.33 

35.00 1 

1 .3182 

63.04 

50.32 

43.25 

1.4251 1 

85.02 1 

71.15 

35.25 i 

1.3212 

G4.24 

50.81 

43 50 

1.4286 1 

85. 72 

71.98 

35.50 | 

1.3242 

64.84 

51.30 

43 75 

1 4321 

86.42 

72.82 

35.75 

1.3273 

65.40 

51.80 

44.00 

1 .4356 

87.12 

73.67 

3G.00 

| 1.3303 

66.06 

52.30 

44.25 

1,4392 

87.84 

74.53 

3G.25 

1 1.3334 

66.68 

52.81 

44.50 

1,4428 

88.56 

75.40 

36 50 

1.3364 

67.28 

53.32 

44.75 

1.4464 

S9.28 

76.28 

36.75 

1 .3395 

67.90 

53.84 

45.00 

1.4500 

90 00 

77.17 

37.00 

1.342G 

I 68.52 

54.36 

45.25 

1.4536 

90.72 

78.07 

37.25 

1.3457 

| 09.14 

54.89 

45 50 

1.4573 

91.46 

79.03 

37.50 

I .3488 

1 09.76 

55.43 

45.75 

1.4010 

02.20 

80-04 

37.75 

1.3520 

70.40 

55.97 

46 00 

1.4646 

92.92 

81.08 

38 00 

1.3551 

71.02 

56.52 

46.25 

1.4684 

93.68 

82.18 

38.25 

1.3583 

71.66 

57.08 

46.50 

1 .4721 

94.42 

83.33 

38.50 

1.3615 

72.30 

57 65 

46.75 

1 .4758 

95.16 

8L48 

38.75 

1.3617 

72 94 

58.23 

47 00 

1.4790 

95.92 

85.70 

39.00 

1 .3G79 

73.58 

58.82 

47-25 

1.4834 

90.68 

86.98 

39.25 

1.3712 

74.24 

59.43 

47.50 

1.4872 

97.44 

88.32 

39.50 

1.3744 

74.88 

60.06 

47.75 

1.4910 

98 20 

89 76 

39.75 

1 .3777 

75.54 

60.71 

48.00 

1.4948 

98.96 

91.35 

40 00 

1.3810 

76.20 

61.38 

48.25 

1.4987 

99.74 

93.13 

40.25 

40.50 

1.3843 

1.3876 

70.86 

77.52 

62.07 

62.77 

48.50 

1.5026 

100.52 

95.11 


ALLOWANCE FOR TEMPERATURE 

From 10° to 20° Be., correction of BA or .00029 Sp. Gr. = 1°F. 

From 20° to 30° Be., correction of J-j 3 ° Be. or .00044 Sp. Gr. = 1°F. 

From 30° to 40 a Be., correction of )-zo° Be, or .00060 Sp. Gr. = 1°F. 

From 40° to 48.5° Be., correction of ^ 7 ° Be. or .00084 Sp. Gr. = 1°F. 

Specific gravity, 60 °F. compared to water at 60 °F. Table adopted as standard, 
1903, by the Manufacturing Chemists’ Assoc, of U. S. (authority, Ferguson). 
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NITRIC ACID 


After Lunge and Rey 


Sp. gr. 
l5°/4° 
C. 

Per cent 
by weight 

1 liter con- 
tains grams 

Sp. gr. 
15°/4° 
C. 

Per cent 
by weight 

1 liter con- 
tains grams 

N 2 0 5 

hno 3 

NsOa 

HNOs 

n»o 5 

HNOj 

N 2 0 5 

i-ino 3 

1.000 

0.08 

0.10 

1 

1 

1.195 

27.10 

31.62 

324 

378 

1.005 

0.85 

1.00 

8 

10 

1.200 

27.74 

32.36 

333 

388 

1.010 

1.62 

1.90 

16 

19 

1.205 

28.36 

33.09 

342 

399 

1.015 

2.39 

2.80 

24 

28 

1.210 

28.99 

33.82 

351 

409 

1.020 

3.17 

3.70 

33 

38 

1.215 

29.61 

34.55 

360 

420 

1.025 

3.94 

4.60 

40 

47 

1.220 

30.24 

35.28 

369 

430 

1.030 

4.71 

5.50 

49 

57 

1.225 

30.88 

36.03 

378 

441 

1.035 

5.47 

6.38 

57 

66 

1.230 

31.53 

36.78 

387 

452 

1.040 

6.22 

7.26 

64 

75 

1.235 

32.17 

37.53 

397 

463 

1 . 045 - 

6.97 

8.13 

73 

- 85 

1.240 

32.82 

38.29 

407 

475 

1 . 050 - 

7.71 

8.99 

81 

94 

1.245 

33.47 

39.05 

417 

486 

1.055 

8.43 

9.84 

89 

104 

1.250 

34.13 

39.82 

427 

498 

1.060 

9.15 

10 . 6 S 

97 

113 

1.255 

34.78 

40.58 

437 

509 

1.065 

9.87 

11.51 

105 

.123 

1.260 

35.44 

41.34 

447 

521 

1 . 070 ’ 

10.57 

12.33 

113 

132 

1.265 

36.09 

42.10 

457 

533 

1.075 

11.27 

13.15 

121 

141 

1.270 

36.75 

42.87 

467 

544 

1.080 

11.96 

13.95 

129 

151 

1.275 

37.41 

43.64 

477 

556 

1.085 

12.64 

14.74 

137 

160 

1.280 

38.07 

44.41 

487 

568 

1.090 

13.31 

15.53 

145 

169 

1.285 

38.73 

45.18 

498 

581 

1.095 

13.99 

16.32 

153 

179 

1.290 

39.39 

45.95 

508 

593 

1.100 

14.67 

17.11 

161 

1 S 8 

1.295 

40.05 

46.72 

519 

605 

1.105 

15.34 

17.89 

170 

198 

1.300 

40.71 

47.49 

529 

617 

1.110 

16.00 

18.67 

177 

207 

1.305 

41.37 

48.26 

540 

630 

1.115 

16.67 

19.45 

1 S 6 

217 

1.310 

42.06 

49.07 

551 

643 

1.120 

17.34 

20.23 

195 

227 

1.315 

42.76 

49.89 

562 

656 

1.125 

18.00 

21.00 

202 

236 

1.320 

43.47 

50.71 

573 

669 

1.130 

18.66 

21.77 

211 

246 

1.325 

44.17 

51.53 

585 

683 

1.135 

19.32 

22.54 

219 

256 

1.330 

44.89 

52.37 

597 

697 

1.140 

19.98 

23.31 

228 

266 

1.3325 

45.26 

52.80 

603 

704 

1.145 

20.64 

24.08 

237 

276 

1.335 

45.62 

53.22 

609 

710 

1.150 

21.29 

24.84 

245 

2 S 6 

1.340 

46.35 

54.07 

621 

725 

1.155 

21.94 

25.60 

254 

296 

1.345 

47.08 

54.93 

633 

739 

1.160 

22.60 

26.36 

262 

306 

1.350 

47.82 

55.79 

645 

753 

1.165 

23.25 

27.12 

271 

316 

1.355 

48.57 

56.66 

658 

768 

1.170 

23.90 

27.88 

279 

326 

1.360 

49.35 

57.57 

671 

783 

1.175 

24.54 

28.63 

2 S 8 

336 

1.365 

50.13 

58.48 

684 

798 

1.180 

25.18 

29.38 

297 

347 

1.370 

50.91 

59.39 

698 

814 

1.185 

25.83 

30.13 

306 

357 

1.375 

51.69 

60.30 

711 

829 

1.190 

26.47 

30.88 

315 

367 

1.380 

52.52 

61.27 

725 

846 
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NITRIC ACID (Continued) 


Sp er 

Per cent 
by weight 

I liter con- 
tains grams 

Sp. fir 
15"/4® 

Per cent 
by weight 

1 liter con- 
tains grams 

c. 

NjOs 

HNO, 

NjO* 

HNOj 

C. 

NjO, 

HNOj 

n 2 o. 

HNOj 

1.3833 

53.08 

61 92 

735 

857 

1.495 

78.52 

91.60 

1174 

1369 

1.3S5 

53.35 

62.24 

739 

862 

1.500 

80.65 

94.09 

1210 

1411 

1.390 

54 20 

63 23 

753 

879 

1.501 

81.09 

94 60 

1217 

1420 

1.395 

55 07 

64.25 

70S 

S9G 

1.502 

81.50 

95.0S 

1224 

1428 

1.400 

55.97 

65.30 

783 

914 

1.503 

81.91 

95.55 

1231 

1436 

1.405 

50.92 

00.40 

SOC 

933 

1.504 

82.29 

90.00 

1238 

1444 

1.410 

57.86 

67.50 

816 

953 

1.505 

82.63 

96.39 

1244 

1451 

1 415 

58.83 

CS.C3 

832 

971 

1.500 

82.94 

96.76 

1249 

1457 

1.420 

59.83 

69.80 

819 

991 

1.507 

83.26 

97 13 

1255 

1464 

1.425 

00.84 

70.93 

8G7 

1011 

1.508 

83.58 

97.50 

1200 

1470 

1.430 

61.86 

72.17 

SS5 

1032 

1 509 

83.87 

97 84 

1265 

1476 

1.435 

62.91 

73.39 

903 

1053 

1.510 

84.09 

98.10 

1270 

1481 

1.410 

64.01 

74.63 

921 

1075 

1 511 

84 23 

98.32 

1274 

1486 

1.445 

65.13 

75. 9S 

941 

1098 

1.512 

84.46 

98.53 

1277 

1490 

1.450 

GO. 24 

77.28 

901 

1121 

1.513 

84.63 

98.73 

1280 

1494 

1.455 

67.38 

78.60 

981 

1144 

1.514 

84.78 

98.90 

1283 

1497 

1 .400 

68.56 

79.98 

1001 

1168 

1.515 

84.92 

99.07 

1287 

1501 

1.405 

69.79 

81.42 

1023 

1193 

1.516 

85.04 

99.21 

1289 

1504 

1.470 

71.06 

82.90 

1045 

1219 

1.517 

85.15 

99.34 

1292 

1507 

1.475 

72.39 

84.45 

IOCS 

1246 

1.518 

85.26 

99.46 

1294 

1510 

1.480 

73.76 

86.05 

1092 

1274! 

1.519 

85.35 

99.57 

1296 

1512 

1.485 

1.490 

75.18 

76.80 

87.70 

89.60 

1116 

1144 

1302 

1335] 

1.520 

85.44 

99.67 

1299 

1515 


For data on the density of nitric acid at temperatures other than 15°C., see International 
Critical Tables, 3, 58-9. 


Composition of Constant Boiling Hydrochloric Acid * 


pressure 
in mm. of 
mercury 

wt. of distil- 
late in grams 
in air to give X 
mole of HC1 

pressure 
in mm, of 
mercury 

wt. of distil- 
late in grams 
in air to give 1 
mole of HC1 

600 

176.745 

700 

178.946 

620 

177.228 

740 

179.762 

630 

177.470 

750 

179.966 

640 

177.711 

760 

180.169 

650 

177.953 

770 

180.373 

660 

178.194 

780 

180.577 

680 

178.538 




Data from Williams, S.» J. Assoc. Official Agr. Chemists, 37, 462, 1954. 
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Specific 

Gravity. 

15° 

4° 

In Vacuo. 

Per Cent 
HC1 

by Weight. 

i Liter 
con- 
tains 
Grams 
HC1. 

Specific 

Gravity 

IS° 

4° 

in Vacuo. 

Per Cent 
HC1 

by Weight. 

x Liter 
con- 
tains 
Grams 
HCI. 

Specific 

Gravity 

i£ 

4° 

in Vacuo. 

Per Cent 
HCI 

by Weight. 

i Liter 
con- 
tains 
Grami 
HCI. 

1.000 

0.16 

1.6 

1.075 

15.16 

163 

1.145 

28.61 

328 

1.005 

1.15 

12 

1.0S0 

16.15 

174 

1.150 

29.57 

340 

1.010 

2.14 

22 

1.085 

17.13 

186 

1.152 

29.95 

345 

1.015 

3.12 

32 

1.090 

18.11 

197 

1.155 

30.55 

353 

1.020 

4.13 

42 

1.095 

19.06 

209 

1.160 

31.52 

366 

1.025 

5.15 

53 

1.100 

20.01 

220 

1.163 

32.10 

373 

1.030 

6.15 

64 

1.105 

20.97 

232 

1.165 

32.49 

379 

1.035 

7.15 

74 

1.110 

21.92 

243 

1.170 

33.46 

392 

1.0-10 

8.16 

85 

1.115 

22. S6 

255 

1.171 

33.65 

394 

1.045 

9.16 

96 

1.120 

23 82 

267 

1.175 

34.42 

404 

1.050 

10.17 

107 

1.125 

24.78 

278 

1.180 

35.39 

418 

1.055 

11.18 

118 

1.130 

25.75 

291 

1.185 

36.31 

430 

1.060 

12.19 

129 

1.135 

26.70 

303 

1.190 

37.23 

443 

1.065 

13.19 

141 

1.140 

27.66 

315 

1.195 

38.16 

456 

1.070 

14.17 

152 

1.1425 

28.14 

322 

1.200 

39.11 

469 


For data on the density of hydrochloric acid at temperatures other than 15°C., sec Interna- 
tional Critical Tables, 3, 54. 


ACETIC ACID * 


% 

w/w 

acetic 

acid 

specific 

gravity 

20°/4°C. 

0 

0.9982 

2 

1.0012 

4 

1.0040 

6 

1.0069 

8 

1.0097 

10 


12 


14 

1.0182 

16 


18 


20 

1.0263 

22 


24 

| 1.0313 


% 

w/w 

acetic 

acid 

specific 

gravity 

20°/4°C. 

26 

1.0338 

28 

1.0361 

30 


32 

1.0406 

34 

1.0428 

36 

1.0449 

38 

1.0469 

40 


42 

1.0507 

44 

1.0525 

46 

1.0542 

48 

1.0559 

50 

1.0575 


% 

w/w 

acetic 

acid 

specific 

gravity 

20°/4°C. 

52 

1.0590 

54 

1.0604 

56 

1.0618 

58 

1.0631 

60 

1.0642 

62 

1.0653 

64 

1.0662 

66 

1.0671 

68 

1.0678 

70 

1.0685 

72 

1.0690 

74 

1.0694 

76 

1.0698 


% 

w/w 

acetic 

acid 

specific 

gravity 

20°/4°C. 

78 


80 

1.0700 

82 

1.0698 

84 

1.0693 

86 


88 

1.0675 

90 

1.0661 

92 

1.0643 

94 

1.0619 

96 

1.0588 

98 

1.0549 

99 

1.0524 

100 

1.0498 


* Selected values, International Critical Tables 3 123-124- 
gravities at other temperatures. ’ ’ ’ 


q.v. for specific 
















Phosphoric Aero, 20-110% 



Allowance for Temperature in the Range 21-29 °C. 

The following corrections are subtracted for each degree Centigrade below 25 C. and 
added for each degree above 25 t> C. 


I 1 !! ’ a(id 

Based on data of Christensen. /. H. and Reed, R. B , Zad, Eng Chent , 47. 1277, 1 ' 
Luff, B. B.. ibid., 47, 1280, 1950; 92-110% HjPO, data, staff, Monsanto C hem Co . tn part unpuousacu 
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Aqua Ammonia, 25.5-31.4% * 


°Be, 

60°F. 

% w/w 

nh 3 

°Be, 

60°F. 

% w/w 

nh 3 

°Be, 

60°F. 

% w/w 

nh 3 

°Be, 

60°F. 

% w/w 

nh 3 

24.00 

25.48 

24.80 

27.05 

25.60 

28.62 

26.40 

n 

24.10 

25.68 

24.90 

27.24 

25.70 

28.81 

26.50 

Kmm 

24.20 

25.87 


27.44 

25.80 

29.01 

26.60 

EBB 

24.30 

26.07 

25.10 

27.64 

25.90 

29.20 

26.70 

30.77 

24.40 

26.26 

' 25.20 

27.83 

26.00 

29.40 

26.80 

30.97 

24.50 

26.46 

. 25.30 

28.03 

26.10 

29.60 

26.90 

31.16 

24.60 

26.66 

25.40 

28.22 

26.20 

29.79 

27.00 

31.36 

24.70 

26.85 

25.50 

28.42 

26.30 

29.99 




Allowance for Temperature * 

(To be added for each degree below 60 °F.) 


Temperature, F. 


°Be 

read 


24.0 

24.2 

24.4 

24.6 

24.8 

25.0 

25.2 

25.4 

25.6 

25.8 

26.0 


40° 


0.046 

0.047 

0.047 

0.048 

0.049 

0.050 

0.050 

0.051 

0.052 

0.052 

0.053 


42° 


0.047 

0.047 

0.048 

0.049 

0.049 

0.050 

0.051 

0.052 

0.052 

0.053 

0.054 


44° 


0.047 

0.048 

0.049 

0.049 

0.050 

0.051 

0.052 

0.052 

0.053 

0.054 

0.054 


46° 


0.048 

0.049 

0.049 

0.050 

0.051 

0.052 

0.052 

0.053 

0.054 

0.054 

0.055 


48° 


0.049 

0.049 

0.050 

0.051 

0.052 

0.052 

0.053 

0.054 

0.055 

0.055 

0.056 


50° 


0.050 

0.050 

0.051 

0.052 

0.053 

0.053 

0.054 

0.055 

0.055 

0.056 

0.057 


Calculated by staff, E. I. DuPont de Nemours & Co., Inc. 
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Aqua Ammonia * 


Degrees 

Baumi. 

Sp. Gr. 
— ° F. 

Per Cent 
NHj. 

Degrees 

Baume. 

Sp. Gr. 

Kf. 

6o® 

Per Cent 
NH t . 

Degrees 

Baume. 

Sp. Gr. 

£>• 

6o° 

Per Cent 

10.00 

1.0000 

00 

16.50 

.9556 

11.18 

23 00 

.9150 

23.52 

10.25 

.9982 

.40 

16.75 

.9540 

11.64 

23.25 

.9135 

24.01 

10.50 

.9964 

.SO 

17-00 

.9524 

12.10 

23.50 

.9121 

24.50 

10.75 

.9947 

1.21 

17.25 

.9508 

12.56 

23.75 

.9106 

24.99 

11.00 

.9929 

1.62 

17.50 

.9492 

13.02 

24.00 

.9091 

25.48 

11.25 

.9912 

2.04 

17.75 

.9475 

13.49 

24.25 

.9076 

25.97 

11.50 

.9894 

2.46 

18.00 

.9459 

13.96 

24.50 

.9061 

26.46 

11.75 

.9876 

2.S8 

18.25 

.9444 

14.43 

24.75 

.9047 

26.95 

12.00 

.9859 

3.30 

18.50 

.9428 

14.90 

25.00 

.9032 

27.44 

12.25 

.9842 

3.73 

18.75 

.9412 

15.37 

25.25 

.9018 

27.93 

12.50 

.9825 

4.1G 

19.00 

.9396 

15.84 

25.50 

.9003 

28.42 

12.75 

.9807 

4.59 

19.25 

.93S0 

16.32 

25.75 

.8989 

28.91 

13.00 

.9790 

5.02 

19.50 

.9365 

16.80 

26.00 

.8974 

29.40 

13.25 

.9773 

5.45 

10.75 

.9349 

17.28 

26.25 

.8960 

29.89 

13-50 

.9756 

5.88 

20.00 

.9333 

17.76 

26.50 

.8946 

30.38 

13 75 

.9739 

0.31 

20.25 

.9318 

18.24 

20.75 

.8931 

30.87 

14.00 

.9722 

6.74 

20.50 

.9302 

18.72 

27.00 

.8917 

31.36 

14 25 

.9705 

7.17 

20.75 

.9287 

19.20 

27.25 

.8903 

31.85 

14.50 

.9689 

7.G1 

21.00 

.9272 

19.68 

27.50 

.8889 

32.34 

14.75 

.9672 

8.05 

21.25 

.9256 

20.16 

27.75 

.8875 

32.83 

15.00 

.9655 

8.49 

21.50 

.9241 

20.64 

28.00 

■ SSG1 

33.32 

15.25 

.9639 

8.93 

21.75 

.9226 

21.12 

2S.25 

.8847 

33.81 

15.50 

.9622 

9.38 

22.00 

.9211 

21.60 

28.50 

.8833 

34.30 

15.75 

.9605 

9.83 

22.25 

.9195 

22.08 

28.75 

.8819 

34 79 

16.00 

.9589 

10.28 

22.50 

.9180 

22.56 

29.00 

• S805 

35.28 

16.25 

.9573 

10.73 

22.75 

.9165 

23 04 





ALLOWANCE FOR TEMPERATURE 
The coefficient of expansion for ammonia solutions, varying with the 
temperature, correction must be applied according to the following table: 


Corrections to be Added for Each 
Degree Below 6o°F. 

Conections to be Subtracted for Each Degree 
Above 6o°F. 

Degrees 

Baum£. 

40° F. 

50° F. 

70® P. 

8o°F. 


ioo° F. 

14° B<5 

.015° B£ 

.017° B6 

.020° B6 

.022° B6 

.024° B6 

.026° B4 

16° 

.021 " 

.023 " 

.026 “ 

.028 " 

.030 “ 

.032 “ 

18° 

.027 " 

.029 “ 

.031 “ 

.033 “ 

035 “ 

.037 “ 

20° 

.033 " 

.036 “ 

.037 " 

.038 “ 

040 “ 

.042 “ 

22° 

.039 “ 

.042 “ 

.043 “ 

.045 “ 

.047 " 


26° 

.053 “ 

.057 “ 

.057 " 

.059 “ 




* Values for Degrees Baume, Light. Table adopted as official, 1903, Manufacturing Chem- 
ists’ Assoc, of U. S. (authority Ferguson). 
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Sodium Hydroxide Solutions, 1-53% NaOH 


%' 

'.u/w 



% w/w 

CQ 

o 




°Be, 

sp. gl\ 



sp. gr. 



60°F. 

60/60°F. 



60 °F. 

60/60 °F. 

NaOH 

Na 2 0 



NaOH 

Na.O 



1.00 

0.77 

1.66 

m 


21.69 

34.35 

1.310 

2.00 

1.55 

3.23 



22.47 

35.25 

1.321 

3.00 

2.32 

4.77 

WSSm 

30.00 

23.24 

36.13 

1.332 

4.00 

3.10 

6.27 

1.045 

31.00 

24.02 

36.99 

1.342 

5.00 

3.87 

7.73 

1.056 

32.00 

24.79 

37.83 

1.353 

6.00 

4.65 

9.16 

1.067 

33.00 

25.57 

38.65 

1.363 

7.00 

5.42 

10.56 

1.079 

34.00 

26.34 

39.45 

1.374 

8.00 

6.20 

11.93 

1.089 

35.00 

27.12 

40.24 

1.384 

9.00 

6.97 

13.29 

1.101 ' 

36.00 

27.89 

41.01 

1.394 

10.00 

7.75 

14.60 

1.112 

37.00 

28.67 

41.76 

1.404 

11.00 

8.52 

15.89 

1.123 

38.00 

29.44 

42.50 

1.415 

12.00 

9.30 

17.15 

1.134 

39.00 

30.22 

43.21 

1.425 

13.00 

10.07 

18.39 

1.145 

40.00 

30.99 

43.92 

1.435 

14.00 

10.85 

19.61 

1.156 

41.00 

31.77 

44.60 

1.444 

15.00 

11.62 

20.80 

1.167 

42.00 

32.54 

45.28 

1.454 

16.00 

12.40 

21.96 

1.178 

43.00 

33.32 

45.93 

1.464 

17.00 

13.17 

23.11 

1.190 

44.00 

34.09 

46.57 

1.473 

18.00 

13.95 

24.23 

1.201 

45.00 

34.87 

47.20 

1.483 

19.00 

14.72 

25.33 

1.212 

46.00 

35.64 

47.83 

1.492 

• 20.00 
21.00 

15.50 

16.27 

26.41 

27.47 

1.223 

1.234 

47.00 

48.00 

36.42 

37.19 

48.44 

49.05 

1.502 

1.511 

22.00 

17.05 

28.51 

1.245 

49.00 

37.97 

49.65 

1.521 

23.00 

17.82 

29.53 

1.256 

50.00 

38.74 

50.23 

1.530 

24.00 

18.60 

30.53 

1.267 

51.00 

39.52 

50.82 

1 540 

25.00 

19.37 

31.51 

1.278 

52.00 

40.29 

51.39 

1 549 

26.00 

20.14 

32.47 

1.289 

53.00 

41.06 

51.95 

1 558 

27.00 

20.92 

33.42 

1.300 
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Sodium Hydroxide Solutions, 4-50% NaOH 


%w/w : 
NaOH ; 

Specific Gravity 

% w/w 
NaOH 

Specific Gravity 

15°C. 

20°C. 

30°C. 

15°C. 1 

20°C. 

30°C 

4 

1.0444 

1.0428 

1.0393 

28 

1.3094 

1.3064 j 

1.3002 

6 

1 1.0667 1 

1.0648 

1.0609 

30 

1.3309 

| 1.3279 

1.3217 

8 

1.0889 i 

1.0869 

1.0826 

32 

1.3520 

1.3490 

1.3427 

10 

1.1111 

1.1089 

1.1043 

34 

1.3728 

1.3696 

| 1.3632 

12 

1.1333 

1.1309 

1.1261 

36 

1.3933 

1.3900 

1 1.3835 

14 

1 1.1554 1 

1.1530 

l 1.1480 

38 

1.4135 

1.4101 

1.4035 

16 

1.1776 | 

1.1751 

1,1699 

40 

1.4334 

1.4300 

1.4232 

18 

1.1997 1 

1.1972 

1.1918 

42 

1.4529 

1.4494 

1.4425 

20 

1.2218 

1.2191 

1.2136 

44 

1.4720 

1.4685 

1.4615 

22 

i 1.2439 1 

1.2411 

1.2454 

46 

1.4911 

1.4873 

1.4805 

24 

1.2658 | 

1.2629 

1.2571 

48 

1.5102 

1.5065 

1.4994 

26 

1.2877 1 

1.2848 

1.2789 

50 

1.5290 

1.5253 

1.5181 


Specific gravity at stated temperature compared to water at 4°C.; selected values. Interna- 
tional Critical Tables, 3, 79. 
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air pollutants 

By Morris B. Jacobs 

Associate Professor of Occupational Medicine 
Columbia University 
New York, N. Y. 


Introduction.— It is necessary to analyze both the air and effluents and emissions 
to the air in order to know: the kind and amount of pollution in a given place; 
how serious the air contamination is in a given community; whether the pollution 
of a community is increasing, decreasing, or remaining at the same level; whether 
die pollution concentration is high enough to sound an alert and warn the public 
of danger; how efficient the methods and equipment for control are; what concen- 
tration standards to set in order to control pollution; when a violation of those 
standards exists; and how successful research and development in the air pollution 
field really is. The sampling and analysis of air pollutants, for air pollution con- 
trol, may be placed into seven analytical categories: (1) settled particulate matter; 
(2) suspended particulate matter; (3) gaseous, vapor, and aerosol contaminants; (1) 
stack emissions; (5) exhaust gases; (6) pollution source detection; and (7) radio- 
chemical analysis. A discussion of the last four categories is beyond the scope of 
this chapter. 

Scarcely a decade ago virtually the only analyses performed in this field were 
determination of sootfall (settled particulate matter) and sulfur dioxide. Within 
the decade the analysis of air pollutants had developed to such an extent that sev- 
eral books have been devoted to the topic. 1 


1 Jacobs, Morris B., The Chemical Analysis of Air Pollutants, Interscience Publishers, 
Inc., New York, 1960; Laboratory Methods, Air Pollution Control District, Los Angeles 
County, California, 1958; Methods of Atmospheric Sampling and Analysis, AST.M Stand- 
ards, Part 10, American Society for Testing Materials, Philadelphia, 1958; Air Pollution 
Manual, Am. Ind. Hyg. Assoc., Detroit, 1960. 
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SETTLED PARTICULATE MATTER 


The analysis for settled particulate matter from the air is also known as sootfall-, 
dustfall-, and par tide- fall analysis. Wide mouth, open top vessels containing water 
are exposed in a suitable location for a period, usually of one month. After this 
time the vessels are collected, pioperly covered, returned to the laboratory, and the 
contents are analyzed. 

Sampling. Collectors.— Until 1959-1960, the principal collection vessels were 
1-gal., widemouthed, glass jars, having a mouth diameter of 4.4 inches. Open top, 
straight wall, cylindrical vessels having a diameter of 6 inches and a height of 12 
inches are now considered best. They must be capable of being closed with covers 
that do not leak, so that they may be transported to the laboratory without Ion. 
They may be made of glass, plastic, or stainless steel. 

Sampling Sites.— The sampling sites should be selected so that they are repre- 
sentative of the area being sampled. The collectors should be placed in holders 
so that the mouth of the collector vessel will be about 3 inches above the top of 
the holder. The collector vessel should be 4 feet above the roof or other platform 
on which it is placed, and it should be located in such a manner that it is not in- 
fluenced by chimneys, walls, parapets, or other interfering structures. The roofs 
of 4-story buildings are generally best, and, where possible, public buildings such 
as schools should be used, as access to these may be better. 

Method.— Place 1.5 to 2 l. of distilled water into die collectors. In the winter- 
time include sufficient antifreeze, such as isopropyl alcohol, to prevent freezing; 
in the summertime include a fungicide or algaecide- Cover tightly, transport to 
the sampling site, place in position, and remove the cover. Leave exposed for I 
month. If possible, observe the collection vessel from time to time during the 
mouth to sec that it contains sufficient collection fluid. At the end of the ex- 
posure period, return to the sampling site, cover the collector, replace it with an- 
other collector, and return the sample to the laboratory. 

Determination. Insoluble Solids.— Transfer the contents of the collector vessel 
through a 20-mesh sieve to remove leaves, twigs, paper, and other extraneous mailer 
that cannot be considered sootfall or dustfall, to a graduated cylinder of adequate 
volume, and read the volume of the collection fluid. Filter the contents of each 
collector through a tared, dry, filter paper, such as 9-cm. Whatman No. 41-H, to 
separate the insoluble matter from the soluble solids. Prepared Gooch crucibles 
or alundum crucibles may also be used. Save the filtrate for the estimation of 
soluble solids. Replace the filter paper in its weighing bottle and dry at I 05 °C. 
to constant weight; place in a desiccator to cool, and weigh. The weight of the 
additional material is the insoluble solids. 

Tar.— Insert the weighed filter into a thimble of a Soxhlet extractor, and extract 
with carbon disulfide. After extraction is complete, remove the paper, replace in 
its drying bottle, dry, and reweigh. The loss in weight is considered to be tar. 

Insoluble Ash.-After the determination of insoluble solids, or after the tar de- 
termination, place the filter into a tared crucible and heat until a char is formed. 



629 


SETTLED PARTICULATE MATTER 

Place the crucible in a muffle furnace, ignite, and burn to a clean ash at uOO to 
600°C. Cool in a desiccator and weigh. The weight of the residue is the insoluble 

nsli # t 

Soluble Solids.— Make up the filtrate from the insoluble solids’ determination to 
a known volume. Transfer a suitable aliquot to a weighed dish, evaporate nearly 
to dryness on a steam bath, transfer to an oven, and dry at 105°C. Cool in a desic- 
cator and weigh. The gain in weight, multiplied by the factor of the aliquot, yields 
the weight of the soluble solids in the sample. 

Soluble Ash.— Ignite die residue in the dish in a muffle furnace at 500 to 600°C., 
and burn to a clean ash. Remove from the furnace, allow to cool, place in a desic- 
cator, and weigh again. The gain in weight over the tarecl dish, multiplied by 
the factor for the aliquot taken, is the soluble solids ash. 

Calculations— The total settled particulate matter, or total sootfall, is computed 
by adding the insoluble solids and soluble solids. Total ash is computed by add- 
ing the insoluble solids ash and the soluble solids ash. To express the results in 
terms of tons per square mile per month, the usual form of expression, the follow- 
ing equation may be used: 

5650 


where X = sootfall or other contaminant in tons per square mile, 

w = weight of the solids or other material or substance in g., 
and D — diameter of the collector in inches. 


Since it is difficult to arrange to pick up the collectors exactly at the end of each 
30-day period, a factor must be used in the computation to adjust for the length 
of exposure time. It is best, however, not to exceed plus or minus 2 days. The 
factors for monthly basis calculations are: 28 days, 0.334: 29, 0.323; 30, 0.312; 31, 
0.302; 32, 0.293. These factors are used to convert milligrams of sootfall to tons 
per square mile, and are based on a collector having a mouth diameter of 4% 0 
inches. Methods for dustfall have been adopted by the Air Measurements Com- 
mittee of the Air Pollution Control Association, 2 the D-22 Committee of the 
American Society for Testing and Materials, 3 and by the Air Pollution Control Dis- 
trict of Los Angeles County. 4 The determination of settled particulate matter has 
been carried on in Great Britain for many years. 5 


2 Committee on Air Pollution Measurements, APCA, H. M. Chapman, Chairman 1 Air 

Pollution Control Assoc., 5, No. 3, 176, 1955. 1 

3 Method foi Collection and Analysis of Dustfall, Designation: D1739-60T A STM 

Standards Part 10, American Society for Testing and Materials, Philadelphia, 1585’ 1961 
1958 y ’ Pollutlon Contro1 District > Los Angeles County, California; 

r 5 t he Atmospheric Pollution, Dept. Sci. Ind. Research, Fuel Research 

London, 195_, Jacobs Morris B„ The Chemical Analysis of Air Pollutants Interscience 
Publishers, Inc., New York, 1960. uuerscicnce 



SUSPENDED PARTICULATE MATTER 


To determine total suspended particulate matter, air is passed through a tared 
filter, -which has been dried and weighed, at a known rate for a known period ol 
time. The filter is then redried and reweighed. The gain in weight divided by the 
volume ot computed air gives die total suspended particulate matter in units of 
weight per volume, generally micrograms per cubic meter. Of the various types 
of filters used, the most common is die glass filter web* 1 adopted by the Public 
Health Service Sanitary Engineering Center. These are 8 X 10 inch sheets weigh- 
ing approximately 4 g. The high volume samplers used are modifications of the 
one developed by Silverman and Viles. 7 These, as well as stands for holding the 
sampler, and rotameters for measuring the volume of air drawn dirough the filter, 
are available commercially. 

Sampling.— After drying the glass fiber web, and obtaining its weight to the 
nearest mg., put it in an envelope, transport it to the sampling place, and place it 
carefully in die holder of the high volume sampler. Replace die sampler in itj 
housing, with the filter paper facing up, and turn on die motor. Note the rotam- 
eter reading, that is, the initial sampling rate, the time, and the weather coudi 
tions. Return to the sampling place as close to 24 hours later as possible, and 
again note the rotameter reading, the time, and the weather conditions. Stop the 
motor, take out the filter, fold it once along the Jong axis, put it in its envelope 
and return to the laboratory. 

Determination.— Dry the filter in an oven overnight at 100° to I05°C., allow it 
to cool, and reweigh to die nearest mg. The increase in weight is deemed the 
total suspended particulate matter. 

Calculation.— The high volume sampler and its rotameter should be calibrated 
against a total gas volume instrument. Assuming that die increase in resistance is a 
straight line function of die clogging of die pores of die filter, obtain the average 
velocity of die air sampled by adding the initial and final velocities, that is, the 
rotameter readings, and dividing by two. Multiply by the number of minutes to 
get the total volume of air sampled. Multiply by die calibration factor. To ex- 
press the results in milligrams per cubic meter: 


mg./cu. meter = 


mg. 

V X 0.02832 


where mg. = weight of the deposit in milligrams, 

and V = corrected volume of air sampled in cubic feet. 

The suspended particulate matter can then be analyzed by methods developed 
and exploited by the National Air Sampling Network of the Public Health Ser- 
vice, Department of Health, Education, and Welfare. 8 


e Catalog No. CT-253I0, also MSA No. 1I06B, Mines Safety Appliances Co., Pittsburgh, 
p a. 

7 Silverman, L., and Viles, F. J., J. Ind. Hyg. Toxicol.. 30, 124, 1948. c„ s nended 

a Air Pollution Measurements of the National Air Sampling Network ot sup 
Particulate Matter, 1953-1957, Public Health Serv., Publication 637, 1959. 
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GASEOUS, VAPOR, AND AEROSOL 
CONTAMINANTS 


The gaseous, vapor, and aerosol pollutants of the atmosphere can be placed into 
two major groups: (a) inorganic; and (b) organic. Here the term aerosol is 
used to designate such air contaminants as sulfur trioxide, sulfuric acid aerosol, 
chlorides, fluorides, and other salts in contrast to the nonspecific aerosols that com- 
prise the suspended particulate matter. 


INORGANIC POLLUTANTS 


The inorganic contaminants include: true gases such as sulfur dioxide, hydrogen 
sulfide, and carbon monoxide; the group of nitrogen oxides, ammonia, ozone, and 
oxidants;, sulfur trioxide; and sulfuric acid aerosol. Other components, which are 
occasionally present, and then usually only in industrial atmospheres, are chlorine, 
fluorides, cyanides, and phosgene. Methods for the determination of the latter 
group, detailed elsewhere in the text, can be applied, with but little modification, to 
determining their presence in air. 


SULFUR DIOXIDE 

The methods commonly used for the determination of sulfur dioxide in air 
are (a) the West and Gaeke 3 disulfitomercurate method and the peroxide method. 

WEST AND GAEKE METHOD 

Sulfur dioxide is removed from the air being sampled by scrubbing through 0.1 
M sodium tetrachloromercurate(II), forming stable nonvolatile disulfitomercu- 
rate(ll). The amount of sulfur dioxide trapped is determined by the red-violet 
color obtained with pararosaniline hydrochloride-hydrochloric acid mixture and 
formaldehyde. The absorption maximum of the complex is 560 m^. The color 
is not affected by temperature, and is stable for several hours. 

Reage7its. Sodium Tetrachloromercurate(II) Solution (0.1 M ).— Dissolve 27.2 
g. (0.1 mole) of reagent grade mercuric chloride and 11.7 g. (0.2 mole) of reagent 
grade sodium chloride in water and dilute to 1 liter. 

Hydrochloric Acid Bleached Pararosaniline Solution.— Mix 4 ml. of 0.25°/ 
aqueous solution of pararosaniline hydrochloride and 6 ml. of concentrated hydro- 
chloric acid and dilute to 100 ml. Only dyes with absorption maxima at 543 or 
544 m n should be used. Those having absorption maxima at 549 or 550 should be 
rejected. 3 ^ 

Formaldehyde Solution (0.2%).-Dilute 5 ml. of 40% formaldehyde solution to 


3 West, P. W., and Gaeke, G. C., Anal. Chem., 28, 1816 
9a Fate, John, Anal. Chem., in press, 1962 
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To determine total suspended particulate matter, air is pa 
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housing, with the filter paper facing up, and turn on the mot 
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mg -/c“- m ' t:r = 7x^2832 

where mg. = weight of the deposit in milligrams, c 

and V = corrected volume of air sampled in cubic feet. 

The suspended particulate matter can then be analyzed by 
and exploited by the National Air Sampling Network of tilt- 
vice, Department of Health, Education, and Welfare. 8 

« Catalog No. CT-25310, also MSA No. 1I06B, Mines Safety Appl 
Pa. 

7 Silverman, L., and Viles, F. J., J. lnd. Hyg. Toxicol., 30, 124, If 
a Air Pollution Measurements of the National Air Sampling N 
Particulate Matter, 1953-1957, Public Health Serv., Publication 637 
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For ordinary work, the temperature and pressure correction may be neglected and 
die sulfur dioxide concentration can be computed by: 

S0 2 (p. p. m.) = ml. NaOH X 0.002 X 0.027. 

SULFURIC ACID AND SULFUR TRIOXIDE 

The conversion of sulfur dioxide to sulfur trioxide in the general atmosphere is 
slow. Consequently, except in certain industrial atmospheres, and undei spe- 
cial conditions, the concentration of sulfur trioxide and sulfuric acid in the air 
is very low. 

FILTER PAPER METHOD 

Specially prepared filter papers are employed in the method devised by Mader, 
Hamming, and Beilin, 11 for trapping the sulfuric acid aerosol from the air being 
sampled. Sulfur dioxide does not interfere. 

Apparatus .- Two pieces of Pyrex tubing, 15 nun. I.D. with ground flared ends 
30 mm. in diameter, are coupled together by means of two perforated metal collars 
that can be clamped together and pressed tight with the aid of machine bolts and 
knurled nuts. 

Filter Paper Discs.— Wash large, 18.5-cm. Whatman No. 4 filter papers by leach- 
ing with successively large quantities of distilled water over a long period of time. 
Five 12-hour leachings with 500 ml. of water are generally adequate. Use a 19-cm. 
Pyrex crystallizing dish for the washing. Dry the filter papers in an oven at 100°C.; 
cut each washed and dried filter with the aid of a cutting tool into 1-inch discs; and 
store these in a dry, clean container. Obtain the pH of each batch of filter paper 
discs by placing 2 discs, chosen at random, into 20 ml. of carbon dioxide-free water 
of known pH. Macerate the discs thoroughly with the aid of two glass rods, in 
order to make a slurry of paper pulp. Allow the mixture to stand for three minutes 
and determine the pH with a meter. Determine the uniformity of pH in the filter 
paper discs by repeating the test with two more samples of discs. If the three pH 
tests indicate a consistency of 0.03 pH unit and a deviation of not more than 0.1 
pH unit from that of the water used in the measuiement, the filter paper batch 
is considered satisfactory for the estimation of sulfuric acid aerosol. 

Procedure .- Put two filter paper discs into the paper holder. Pull air through 
the filters at a rate of 50 to 60 c.f.h., recording the pressure drop through the 
filter and the air temperature. Remove the filter discs after sampling for one 
hour and place them in a dry, clean container. Bring the discs back to the labo- 
ratory. Macerate them in 20 ml. of distilled water. Measure the pH and titrate 
with 0.002 N sodium hydroxide solution. Use a pH meter for the determination 
of the end point, which is considered to be that of carbon dioxide-free water, cor- 
rected for filter paper batch acidity or alkalinity. 

Calculation.— The acidity, as sulfuric acid in parts per million, can be computed 
by the following expression: 1 

H 2 SO 4 (p. p. m.) = — ' base X X 0.049 X 22,41 X 10 s 
98 X 28.32 X cubic feet air at STP 

11 Mader, P. P., Hamming, W. J„ and Beilin, A., Anal. Chem., 22, 1181, 195Q. 
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Procedure ,— Draw 38.2 1. (1.35 cu. ft.) of the air to be sampled through 10.0 raL 
of sodium tetrachloromercurate(II) solution, keeping the sampling rate under 02 
c.f.m. to avoid loss of sulfur dioxide. Add 1.0 ml. of the acidified pararosaniline 
solution and 1,0 ml. of the formaldehyde solution to the 10.0 ml. of the sample 
solution. Treat a blank of 10.0 ml. of sodium tetrachloromercurate(II) solution 
in the same manner. Allow the mixtures to stand for 20 to 30 minutes, for full 
color development, and read the absorbency of the test solution compared to the 
blank at 560 mp. 

Prepare a standard curve using known solutions of sodium bisulfite or metabisul- 
fite in sodium tetrachloromercurate(Il), and read the concentration of sulfur diox- 
ide from the standard curve. Each microgram of sulfur dioxide is equivalent to 
0.01 p. p. m. in the air for a 38.2-1. sample. A precipitate is formed if sulfides are 
present, and must he removed by centrifugation or filtration. Nitrites may inter- 
fere. Samples may be collected In die field with sequence samplers and may be 
analyzed within a working day with no loss of sulfur dioxide attributable to either 
volatilization or oxidation. 

HYDROGEN PEROXIDE METHOD 

The sulfur dioxide from die air is trapped in an impinger, or bubbler, contain- 
ing a dilute solution of hydrogen peroxide. The sulfuric acid formed is titrated 
with standard sodium hydroxide solution to determine die amount of sulfur diox- 
ide trapped. 10 This method estimates total acid in the air and is not specifically 
for sulfur dioxide. 

Reagents. Hydrogen Peroxide Absorbing Solution.— Dilute with water 17 ml. of 
3% hydrogen peroxide solution to 1 liter, and adjust the pH to 4 with dilute nitric 
acid, or if required, dilute sodium hydroxide solution. 

Sodium Hydroxide Solution (0.002 IV).— Dilute 1 N sodium hydroxide solution 
to approximately 0.002 N, and standardize against 0.002 N sulfuric acid. Stand- 
ardize the sulfuric acid gravimetrically by the barium sulfate method, as detailed 
elsewhere in the text. 

Mixed Indicator Solution.— Dissolve 0.6 g. of bromocresol green and 0.4 g. of 
methyl red in 1 liter of methyl alcohol. 

Procedure.— Add. $ drops of mixed wdfcaASft yaludou to 15 mU at absorbing 
solution in a large impinger and titrate with 0.002 N sodium hydroxide solution 
until the red color disappears and a green fluorescence appears. Attach the un 
pinger to its train, including the rotameter and pump to measure the volume of 
air being drawn, and pass air through the peroxide absorbing solution for 30 
minutes at a rate of 1 c.f.m. Note the temperature and barometric and vapor 
pressures. Titrate the absorbing solution at the end of the sampling period with 
the standard sodium hydroxide solution until the reappearance of the green fluores- 
cence, and note the volume of sodium hydroxide solution used. 

Calculation.— Calculate the concentration of sulfur dioxide with the following 
formulas; 

rrt ( , ml. NaOH X 0.002 X (273 + *°C.) X 1-45 

S0 2 (p. p. m.) = -V; ,. - e ~- 

volume air sampled in cubic leet 

loGreenhurg, L., and Jacobs, Morris B., Ind. Eng. Chem., 48, 1517, 1956. 
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For ordinary wort, the temperature and pressure correction may be neglected and 
the sulfur dioxide concentration can be computed by: 

S0 2 (p. p. m.) = ml. NaOH X 0.002 X 0.027. 

SULFURIC ACID AND SULFUR TRIOXIDE 

The conversion of sulfur dioxide to sulfur trioxide in the general atmosphere is 
slow. Consequently, except in certain industrial atmospheres, and under spe- 
cial conditions, the concentration of sulfur trioxide and sulfuric acid in the air 
is very low. 

FILTER PAPER METFIOD 

Specially prepared filter papers are employed in the method devised by Mader, 
Hamming, and Beilin, 11 for trapping the sulfuric acid aerosol from the air being 
sampled. Sulfur dioxide does not interfere. 

Apparatus .- Two pieces of Pyrex tubing, 15 mm. I.D. with ground flared ends 
30 mm. in diameter, are coupled together by means of two perforated metal collars 
drat can be clamped together and pressed tight with the aid of machine bolts and 
knurled nuts. 

Filter Paper Discs.— Wash large, 18.5-cm. Whatman No. 4 filter papers by leach- 
ing with successively large quantities of distilled water over a long period of time. 
Five 12-hour leachings with 500 ml. of water are generally adequate. Use a 19-cm, 
Pyrex crystallizing dish for the washing. Dry the filter papers in an oven at 100°C.; 
cut each washed and dried filter with the aid of a cutting tool into 1-inch discs; and 
store these in a dry, clean container. Obtain the pH of each batch of filter paper 
discs by placing 2 discs, chosen at random, into 20 ml. of carbon dioxide-free water 
of known pH, Macerate the discs thoroughly with the aid of two glass rods, in 
order to make a slurry of paper pulp. Allow the mixture to stand for three minutes 
and determine the pH with a meter. Determine the uniformity of pH in the filter 
paper discs by repeating the test with two more samples of discs. If the three pH 
tests indicate a consistency of 0.03 pH unit and a deviation of not more than 0.1 
pH unit from that of the water used in the measurement, the filter paper batch 
is considered satisfactory for the estimation of sulfuric acid aerosol. 

Procedure .- Put two filter paper discs into the paper holder. Pull air through 
the filters at a rate of 50 to 60 c.f.h., recording the pressure drop through the 
filter and the air temperature. Remove the filter discs after sampling for one 
hour and place them in a dry, clean container. Bring the discs back to the labo- 
ratory. Macerate them in 20 ml. of distilled water. Measure the pH and titrate 
with 0.002 N sodium hydroxide solution. Use a pH meter for the determination 
of the end point, which is considered to be that of carbon dioxide-free water, cor- 
rected for filter paper batch acidity or alkalinity. 

Calculation.— The acidity, as sulfuric acid in parts per million, can be computed 
by the following expression: r 

H 2 S0 4 (p. p. m.) = XiVX 0.049 X 22.41 X 10° 

98 X 28.32 X cubic feet air at STP 


11 Mader, P. P„ Hamming, W. J„ and Beilin, A., Anal. Chem., 22, 1181, 1950, 
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HYDROGEN SULFIDE 

The method of choice for the determination of hydrogen sulfide in air pollution 
control work is the methylene blue method, in particular, the Jacobs, Braverman 
and Hodiheiser variation . 12 The atmosphere to be tested is bubbled through an 
alkaline suspension of cadmium hydroxide in a macro irapingev at rates as high 
as I c f.m. The sulfides trapped in this manner arc converted to methylene blue. 

Reagents. Amine-sulfuric Acid Stock Solution.— Add 12 g. of A r ,2V-dimethyty. 
phenylenediamine to a cooled mixture of 30 ml. of water and 50 ml. of concen- 
trated sulfuric acid. Stir until solution is complete. 

Amine-sulfuric Acid Test Solution.— Dilute 25 ml. of stock solution to 1 liter 
with 1:1 sulfuric acid. 

Ferric Chloride Solution.— Dissolve 100 g. of FeCl 3 *6H 2 Q in sufficient water to 
make 100 ml. of solution. 

Absorption Mixture.— Dissolve 4.3 g. of cadmium sulfate, CdS0 4 *8H 2 0, in water. 
Dissolve 0.3 g. of sodium hydroxide in water. Add the sodium hydroxide solution 
to the cadmium sulfate solution and dilute to 1 liter. Stir well before using. 

Standard Curve, (a) Colorimetrically by Klett-Summcrson Colorimeter.— Add 
separately 0, 1, 3, 5, 7, and 9 ^g. of hydrogen sulfide equivalent, to 50-ml. \olu- 
metric flasks containing 45 ml. of alkaline cadmium absorption mixture. Add 0.6 
ml. of amine test solution and 1 drop of ferric chloride solution, stirring after 
each addition. Dilute each to 50 ml., allow to stand for 30 minutes, and transfer 


the first mixture, containing no hydrogen sulfide, to the colorimeter cell. Insert 
the red filter, place the cell in position, and adjust the reading to zero. Read the 
transmission of the five remaining mixtures. Plot the optical density versus con- 
centration in micrograms. 

(b) Spectrophoiometrically by Coleman Spectrophotometer.— Add separately 0, 
1, 2, 3, and 4 ^g. of hydrogen sulfide equivalent to 20 ml. of absorption mixtures, 
contained in 25-ml. volumetric flasks. Add 0.G ml. of amine test solution and 1 
drop of ferric chloride solution. Stir after each addition. Then dilute to volume 
and allow to stand 30 minutes. Set the spectrophotometer at 670 m/t; place the 
first mixture, containing no hydrogen sulfide, in a cuvet; set the instrument gal- 
vanometer to read 100; and read die remaining standards in the sample cuvet, in 
increasing order of concentration. Note the optical density, and plot the optical 


density against hydrogen sulfide concentration in micrograms. 

Procedure, (a) Colorimetric Variation.— Place 50 ml. of absorption mixture in 
a large impinger and pass air dirough die apparatus for 30 minutes at a rate of 
1 c.f.m. Add 0 6 ml. of amine test solution and 1 drop of ferric chloride solution 
to the impinger, stirring after each addition. Transfer to a 50-ml. volumetric flask, 
make up to volume, and allow to stand for 30 minutes. To 45 ml. of absorption 
mixture in a 50-ml. volumetric flask, add 0.6 ml. of amine test reagent and I drop 
of ferric chloride solution; stir after each addition; make up to volume, allow to 
stand for 30 minutes; and use as a reference in setting the instrument to zero, ea 
the optical density of the sample, and obtain die concentration of hydrogen sum e 


from the standard curve. 

(b) Spectro photometric Variation.— Take 25 ml. of die final mixture of t e 
sample and the reference solution, and read in a spectrophotometer at 670 m/«. 


12 Jacobs, Morris B., Braverman, M. M„ and Hochheiser, 5., Anal. Chera 


., 29, 1349, 1957- 
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Calculation.— Compute the results from the following equation: 

fig. H 2 S X 719 

HoS (p. p. b.) — v0 [ ume 0 f a j r sam pled in liters 

This calculation is set empirically at 25°C. and 760 mm. To correct for condi- 
tions of temperature and pressure, the customary gas laws can be employed. As 
only half the total amount of sulfide trapped is read in the spectrophotometric 
variation, it is necessary to double the result of the above expiession. 

The method detailed is suitable for concentrations of 20 p. p. b. or less. Fox- 
higher concentrations, a variation using a midget impinger has been detailed by 
Jacobs, Braverman, and Hochheiser. The methods for the determination of sulfui- 
bearing air contaminants have been discussed in considerable detail by Jacobs. 13 

NITROGEN OXIDES 

The chemistry of the nitrogen oxides is discussed elsewhere. The nitrogen 
oxides in the air are commonly determined by variations of the Griess-Ilosvay 
diazotization reaction that depends on four components; these are the substance 
that can be diazotized, nitrite ion, a proper acidity, and a coupling agent. It should 
be noted that unless the nitrate present in the test sample is reduced to nitrite and 
the nitric oxide is oxidized to nitrogen dioxide, these substances are not deter- 
mined by the diazotization method. ( 


JACOBS AND HOCHHEISER METHOD 

Nitrogen dioxide can be estimated in the presence of much higher concentra- 
tions of sulfur dioxide by the Jacobs and Hochheiser method, 14 a variation of the 
Greiss-Ilosvay reaction. Air is aspirated through a fritted-glass bubbler containing 
0.1 N alkali solution. Any sulfur dioxide that is present and absorbed is oxidized 
to sulfate with hydrogen peroxide, so that it does not interfere. The absorbed 
nitrogen dioxide-nitrogen tetroxide is determined colorimetrically as the azo dye 
by using it to diazotize sulfanilamide in phosphoric acid and then coupling with 
iV-(l-naphthyl)-ethylenediamine dihydrochloride. The method is suitable for con- 
centrations of nitrogen dioxide of the order of parts per hundred million. 

Sampling can be performed with individual bubblers or with a sequence sampler 
so that 24 one-hour samples can be obtained. 

Reagents. Sodium Hydroxide Absorbing Solution.-Add 2 ml. of butyl alcohol 
per liter of 0.1 N sodium hydroxide solution, to increase the foaming action, and 
to assist in trapping the nitrogen dioxide. 

A r -(l-naphthyl)-ethylenediamine Dihydrochloride Soiution.-Dissolve 0.1 g. of the 
coupling agent in distilled water and make up to 100 ml. with water. 

Sulfanilamide Soiution.-Dissolve 20 g. of sulfanilamide in 1 liter of water con- 
taining 50 ml. of phosphoric acid. 


Standard Sodium Nitrite Soiution.-Dissolve 150 mg. of sodium nitrite, NaNO 

in 1 liter of water. Dilute 10 'ml. of this solution to 100 ml.; each milliliter of this 
solution contains 10 n g. of NO.,. 


Standard Cur^.-Add 0.2. 0.6, 0.8, and 1.0 ml. of standard sodium nitrite solu- 
non to 55 ml. of absorbing reagent contained in 50-ml. Nessler tubes Add 1 drop 

Am. Geophys. Union, Washington, D. C., 1959, 24. ^ Sulfur Compounds, 

14 Jacobs, Morris B„ and Hochheiser, S., Anal. Chem., 30, 426, 1958. 



636 


AIR POLLUTANTS 


of 1% hydrogen peroxide solution, 10 ml. of sulfanilamide solution, I ml, 0 f 
coupling reagent; mix after each addition; and dilute to 50 ml. Read in a spectro- 
photometer at 550 mu, using the reagent blank to set 100% transmission. Plot 
the readings against the nitrite concentration in micrograms, to obtain the cune 
Procedure .— Aspirate air at 1.3 I. per minute through 30 to 35 ml. of absorbin* 
reagent in a fritted bubbler. Transfer the sample to a 50-ml. Ncssler tube. Add 
1 drop of h)drogen peroxide solution (1%) and mix. Add 10 ml. of sulfanilamide 
reagent and then 1 ml. of A r -(I*napIuliyI)-ethylencdiamiue reagent. Dilute to 50 
ml. and mix. Allow to stand for 30 minutes and determine the optical density 
in a Coleman spectrophotometer at 550 using a reagent blank as the reference, 
and 20 x 40 mm. matched cuvets. 

Calculation.— The concentration of nitrogen oxides in air as nitrogen dioxide is 
generally expressed in parts per hundred million. For a 52-1. air sample at 25'C. 
and 7G0 mm., 1 pg. of NO., is equivalent to 1 p.p.h.m. 

NITROGEN OXIDES AS NITRATE 
The nitrogen oxides can be absorbed as detailed, and oxidized to nitrate, whidi 
can be determined by the phenoldisulfouic acid method as detailed elsewhere in 
this text, or by the xylcnol method. 16 

OTHER METHODS 

Other methods for the determination of nitrogen oxides as nitrite include: the 
official British method for industrial hygiene purposes, 10 in which the nitrogen 
oxides are absorbed in a reagent consisting of sulfanilic acid, alphanaphthyla- 
mine, and acetic acid, Sahzman. 11 who, following Jacobs, 1 *. 1 ® substituted N-(l-naph- 
thyl)-ethylencdiamine dihydrnchluride for the aipha-naphthylamine; and an ASTM 
method, 20 which also uses this variation. These methods are discussed in detail 
by Jacobs. 19 


AMMONIA 

A variation of the Ncssler method is used for the determination of ammonia 
and ammonium compounds in the atmosphere. 

Reagents. Ncssler Reagent.— This is commercially available or can be prepared 
in a number of ways. The method of Folin 21 is preferable. Ncssler’s solution is 
an alkaline solution of the double iodide of mercury and potassium (HgI«'2Kl). 
Transfer to a 200-mi. flask 30 g. of potassium iodide and 22.5 g. of iodine; add 20 
ml. of water and, after solution is complete, ail excess of metallic mercury, ie., 
approximately 30 g. Shake the flask continuously and vigorously until the dis- 
solved iodine has nearly all disappeared; this takes about 7 to 15 minutes. The 
solution becomes hot. When the red iodine solution lias begun to become visibly 
pale, although still red, cool it in running water and continue shaking until the 

« Yagoda, H., and Goldman, F. H., J. Ind. Hyg. Toxicol., 25, 410, J913. 

i® Dept. Sci. bid. Research Bra, Leaflet 5, 1939. 

12 Saltzinan, B. E, Anal. Chem . 26, 1949, 1951. 

i* Jacobs, Morris B , War Gases-Their Identification and Decontamination, Interscience 
Publishers, Inc., New York, 1942. , . , 

10 Jacobs, Morris B, The Analytical Chemistry of Industrial Poisons, Hazards, and - 
vents. 2nd Ed., Interscience Publishers. Inc. New York, 194'J. 

-’°ASTM Standaid. Designation DIG07-58T. n Vltl 

21 Jacobs, Morris B., The Chemical Analysis of Foods and Food Products, n. 
Nostrand and Co., Inc, Piinccton. 1958 
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reddish color of die iodine has been replaced by the greenish color of the double 
iodide The whole operation generally takes 15 minutes, lest a portion of tie 
solution with starch solution. Unless the starch test is positive, the solution may 
contain mercurous compounds. Decant the solution, washing the mercury and 
flask with water. Dilute the solution and washings to 200 ml. and mix well. It 
the cooling was begun in time, the resulting reagent is clear enough for immediate 
dilution with 10% alkali and water, and the finished solution can be used at once 
for Nesslerization. From this stock solution of potassium mercuric iodide, prepare 
the final Nessler’s solution by adding the 200 ml. of the double iodide solution to 
975 ml. of an accurately prepared 10% sodium hydroxide solution. Mix thor- 
oughly and allow to clear by permitting to stand. 

Absorbing Solution.— Add 1 ml. of concentrated sulfuric acid to 10 1. of distilled 
water. 

Alkaline Rochelle Salts. Dissolve 10 g. of Rochelle salts, potassium sodium tar- 
trate KNaC 4 H 4 0 ( p4H,0, in 200 ml. of 0.01 N sodium hydroxide solution. 

Standard Curve .— Prepare a standard solution from ammonium chloride to con- 
tain 1 fig. of ammonia, NH 3 , per milliliter. Transfer, to a series of large impingers, 
0, 5, 10, 15, 20, 25, and 30 ml. of the standard solution, and make up to a volume 
of 50 ml. Continue with the method as detailed in the procedure. 

Procedure — Transfer 50 ml. of absorbing solution to a large impinger. Con- 
nect the impinger to its sampling train and draw air through the absorbing solu- 
tion at a rate of 1 c.f.m. for 30 minutes. Transfer the contents of the impinger 
to a 50-ml. volumetric flask, or to a 50-ml., glass-stoppered Nessler tube. The vol- 
ume of the sample will be about 46 ml. as a result of the loss of water due to evap- 
oration during the sampling. Add 46 ml. of absorbing solution to another Nessler 
tube and use as the blank. Add 4 ml. of Nessler reagent to each tube or flask, 
mix thoroughly, and read exactly 10 minutes later in a Klett-Summerson photo- 
electric colorimeter using the No. 54 (green) filter. Use the 50-ml. glass cells for 
the reading, and employ the reagent blank to set the zero. 

If a cloudy solution forms after the addition of the Nessler reagent, add alka- 
line Rochelle salts reagent, drop by drop with constant shaking, until the cloudi- 
ness disappears. 

Refer to the standard curve to obtain the micrograms of ammonia in the sample, 
and compute to the volume of 30 cu. ft. sampled. 

OZONE AND OXIDANTS 

No really satisfactory method for the determination of ozone, per se, in air is 
available. One of the difficulties stems from the fact that there is no satisfactory 
method of preparing standard curves from ozone. The method most often used 
is a variation of the Smith and Diamond alkaline iodide method 


ALKALINE IODIDE METHOD 

Ozone and oxidants are absorbed from the atmosphere by an alkaline iodide 
sohition. This solution is oxidized with hydrogen peroxide to avoid interference 
of sulfur dioxide, and the pH is adjusted to eliminate the interference of nitrogen 
dioxide. When acidified, iodine is liberated from die hypoiodite formed on Ab- 
sorption of the oxidant, and the amount of triiodide produced is determined 
spectiophotometrically by measuring the absorption of light at 35? mu 
Reagents. Alkaline Iodide Absorption Solution.-Dissolve 10 g. of potassium 
22 Smith, R. G„ and Diamond, P„ Am. Ind. Hyg. Assoc. Quart, 13, 235, 1952, 
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iodide and 4 g. of sodium hydroxide in water, and make up to 1 liter with water 
This solution is approximately 1% with respect to potassium iodide, and 0.1 ft 
with respect to sodium hydroxide. 

Hydrogen Peroxide Solution (1%).— Prepare a 1% hydrogen peroxide solution 
from 30% hydrogen peroxide. 

Standard Curve .— Prepare a potassium iodate solution in which 1 ml. is equiva- 
lent to 1.5 pg. of potassium iodate; this is equivalent to I pg. of ozone. Add ali- 
quots of iodate solution equivalent to 1 to 15 pg. of ozone, in a series, to 50-ml 
glass-stoppered Nessler tubes containing 30 ml. each of absorbing solution. Do 
not add peroxide, boil, or pass air through these solutions. Add sufficient water 
to bring each volume up to 40 ml. Then add successively for each standard, just 
before reading 3 N acetic acid (1:5), to volume, stopper, mix, and read in the 
spectrophotometer at 352 mp, using water as the zero reference. Prepare a nine 
plotting absorbance against micrograms. 

Procedure .— Place 30 ml. of absorbing solution into each of two large imp ingen 
in series, and dilute to 75 ml. Draw air through the impingers at a rate of 1 c.f.m. 
for 30 minutes. The second impinger serves as a blank of the air washed free of 
oxidant. Transfer the contents of each impinger to 100-ml. beakers, and add 1 
drop of 1% hydrogen peroxide solution to oxidize the sulfite formed from the 
sulfur dioxide absorbed to sulfate. Boil the solution in each beaker down to 40 
ml. to decompose the excess hydrogen peroxide; cool, and transfer to 50-ml., glass- 
stoppered Nessler tubes. Add 3 N acetic acid (1 :5) to reduce the pH to 3.8 (about 
10 ml. is required), mix, and transfer some of the test solution to a test-tube cuvet 
of a Coleman or equivalent spectrophotometer, set at 352 nip, using water as the 
zero reference. The optical density of die test sample is considered to be the 
optical density of the sample solution minus the optical density of the blank. 

One-cm. Corex cells are suitable with a Beckman model DU spectrophotometer. 
The blue-sensitive phototube should be used with an ultraviolet filter and a 
tungsten light source. Greater sensitivity can be obtained by using the absorption 
peak at 289 m p, but if this wavelength is used, quartz cells and an ultraviolet 
light source are required. A standard curve must be made at this wavelength 
also. 

Calculations.— One pg. of ozone 0 3 yields 5.29 pg. of iodine I 2 ; consequently, 
1 pg. of iodine is equivalent to 0.189 pg. of o/one. The concentration of oxidants 
in parts per billion may be computed from the expression 


oxidants as 0 3 (p.p.b.) 


mg. O a X 509 X 1000 
volume of air in cubic feet X 28.32 


OTHER METHODS 

Other methods for ozone and oxidants are: the sulfamic acid variation of the 
alkaline iodide method detailed by Jacobs; 23 the sulfamic acid, neutral buffere 
iodide method of McQuain and co-workers; 24 the modified Smith and Diamon^ 
method of the ASTM, 25 the titrimetric method of Ehmert 28 and of Wadelin, 

23 Jacobs, Morris B., The Chemical Analysis of Air Pollutants, Interscience Publishers, 
Inc., New York, 1960. . 

2 * McQuain. R. H., Leavitt, J M., Wanta, R. C.. and Frisbie, W. W„ Air Pollution con- 
trol Assoc., Meeting, Philadelphia, May, 1958. 

25 ASTM Standard Designation: 1609-58T. 

28 Ehmert, A., J. Atmospheric Terrest. Phys, 2, 189, 1952. 

21 Wadelin, C. W., Anal. Chem., 29, 441, 1957. 
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the Haagen-Smit and Fox phenolphthalein method: » the Bradley and Haagen- 
Smit rubber cracking method; 29 and the ferrous thiocyanate method of Todd. 


CARBON MONOXIDE 

The mediods of choice for the determination of carbon monoxide in air and in 
exhaust gases, namely, pressurized, nondispersive, and infrared spectrophotome- 
ters, 31 are instrumental and, for the most part, expensive. The indicator tube 
method, described below, is relatively inexpensive, and can be employed for this 
purpose. 

NBS INDICATOR TUBE METHOD 

The National Bureau of Standards’ carbon monoxide indicator tube 32 contains 
highly purified silica gel that is impregnated with ammonium molybdate and a 
solution of palladium or palladium oxide, digested in sulfuric acid, forming a 
palladium silicomolybdate. When this gel is exposed to carbon monoxide, a mo- 
lybdenum blue is formed, the depth of color varying from faint green to blue, in 
proportion to the amount of carbon monoxide present in die air drawn through 
die tube. Such tubes are available commercially. 

The tubes were originally designed for relatively higher concentrations of car- 
bon monoxide than are normally present in the outside atmosphere, except in 
areas of heavy motor vehicle traffic. They can, however, be adapted for analyses 
in which the concentration of carbon monoxide is considerably lessened, of the 
order of 1 to 2 p. p. m., by substituting a small vacuum pump for the aspirator 
bulb used with the tube. 33 

Procedure .— Break the tips of an NBS carbon monoxide indicator tube and in- 
sert the tube with the unfilled end in the sampling line directed toward the 
pump, that is, place die tube so that the incoming air stream has to pass through 
die longer section of silica gel. Draw air through the detector tube at a rate of 
100 ml. per minute, with the aid of a small vacuum pump. Note the time that 
the pump is started, and observe the indicator gel carefully to determine the 
time die first green of the comparison color chart provided with the tube is ob- 
tained. Record the total elapsed time. 

Calculauon.— Compute the concentration of carbon monoxide in the air sample 
from the time of sampling, the volume of air drawn through the tube, and the 
color change. It is known that five squeezes of the aspirator bulb yield a color 
change diat matches the first green when die carbon monoxide concentration is 
0.001%. From this relationship, the following expression can be derived: 33 


CO (p. p. m.) = — 


24 


time in minutes 
=3 McCabe, L. C., Ind. Eng. Chem., 45, No. 9, UlA, 1953. 

~ 9 Biadley, C. E., and Haagen-Smit, A. J., Rubber Chem. Technol *> 4 No 4 7 Kn iosi 

30 Todd, G. W„ Anal. Chem., 27, 1490, 1955. ” lXo ‘ 4 - 75 °- 1J)o1 - 

31 Waters, J. L., and Ham, N. W„ An Improved Luft-type Infrared Gas and T 
Analyzer, Instrument Soc. Amer., Meeting, Houston, 1951; Jacobs Morris R 

S., and Braverman, M. M„ J. Air Pollution Assoc. 9, No 9 no ’iq^q B " Hochheiser * 
as Jacobs, Morris B„ The Analytical Chemistry of Industrial pltn,,. tr , 
Solvents, 2nd Ed., Interscience Publishers, Inc., New York 1949 S S ds \ an , d 

Chem., 19, 77, 1947. K ’ U49, She pherd, M., Anal. 

33 Jacobs, Morris B., The Chemical Analysis of Air Polhmntc 
Inc., New York, 1960. J Pollutants, Interscience Publishers, 
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The concentration of carbon monoxide in flue gases can be determined with 
the American Gas Association variation of the iodine pentoxide method.**.** 

ORGANIC POLLUTANTS 

The principal organic air contaminants may be grouped as: (I) saturated and 
unsaturated aliphatic hydrocarbons such as methane, hexane, ethylene, and acety- 
lene; (2) aromatic hydrocarbons such as benzene and toluene; (3) polynuclear hy- 
drocarbons like benzo[a]pyrene; (4) aldehydes such as formaldehyde and acrolein; 
(5) phenols; and (6) amines. Adequate chemical methods are available for alde- 
hydes, bemene, phenols, and acetylene. These methods will be described. 

ALDEHYDES 


SULFOXYLATE METHOD 


The method most commonly used for the determination of aldehydes as air con- 
taminants is die sulfoxylatc method of Goldman and Yagoda. 33 The aldehydes 
are absorbed from the air by bisulfite. The complex formed is stable in slightly 
acid and neutral solutions, but is decomposed when the solution is made distinctly 
alkaline. All aldehydes are trapped in this method but the estimation is usually 
calculated to formaldehyde. 

Reagents. Bisulfite Solution.— Dissolve 9 g. of sodium metabisulfite in almost 
1 liter ol water, containing 1 ml. ol concentrated sulfuric acid, and dilute to 1 liter. 

Iodine Solution (8%).— Dissolve 160 g. of potassium iodide in a small amount 
of water, and dissolve 80 g. of iodine in this concentrated solution. Dilute to 1 
liter with water. This strong iodine solution need not be standardized. 

Standard Iodine Solution (0.001 N ).— Make a solution containing exactly 126.9 
mg. of iodine per liter. 

Sodium Thiosulfate Solution.— Dissolve 1.5 g. of sodium thiosulfate, Na.,S 2 0 3 - 
5H 2 0, and 5 g. of sodium bicarbonate in water, and dilute to 100 ml. This solu- 
tion need not be standardized. 

Buffer Solution.— Make a solution containing 80 g. of sodium carbonate and 20 


ml. of glacial acetic acid per liter with water. Store in a refrigerator. 

Procedure .— Transfer 75 ml. of die bisulfue-absorbing solution to a large lm- 
pinger, and attach it to a train consisting of a trap, flowmeter, temperature and 
pressure measuring devices, and a vacuum pump. Pull air through the absorb- 
ing solution at 1 c.f.m. for 30 minutes. Place the impinger in an ice bath and 
keep it immersed for 30 minutes. Add 1 ml. of 1% starch indicator solution, and 
titrate with the 8% iodine solution to a blue color. Record the volume of 8% 
iodine solution consumed, for it is necessary to know if a 5-ml. excess of sodium 
bisulfite-absorbing solution was present at the end of the sampling period. Dis- 
charge the blue color by adding the sodium thiosulfate solution drop by drop, and 
then readjust to a faint blue color with the 0.001 N iodine solution. Put the 
impinger back into die ice until it is thoroughly chilled. Add 50 ml. of cold 
buffer solution, and keep the reaction mixture in the ice bath for an additional 
10 minutes to avoid the fading of the end point in final titration. Titrate again 
with 0.001 N iodine solution to determine the amount of bisulfite liberated. 


34 Am. Gas Assoc. Laboratories. Cleveland, Ohio. 

33 Goldman, F. H., and Yagoda, H., Ind, Eng. Chcm., Anal. Ed.. 15, 377, 1913. 
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Calculation -For routine work, without correcting for temperature and pressure 
variations, the aldehyde concentration can be computed as follows: 

Aldehydes, as HCHO (p. p. m.) = ml. 0.001 A r I 2 X 0.013. 


OTHER METHODS 

A number of other methods have been employed for the determination of alde- 
hydes in air and in exhaust gases. Among these are the SchifT-Elvove rosaniline- 
sulfite method, 30 the Schryver phenylhydrazine method, which can be used to dis- 
tinguish between formaldehyde and total aldehydes, 3 ' the Jacobs and Eastman 
variation of the phenylhydrazine method, 38 and the Cohen and Altshuller method 
for acrolein. 33 


BENZENE 

Ketones such as acetone, ethyl methyl ketone (butanone), and other ketones re- 
act with m-dinitrobenzene to yield violet colors. This method for the determina- 
tion of benzene was developed by the U. S. Bureau of Mines. 10 In the Dolin 41 
modification, the color obtained with benzene is stable in acetic acid, whereas the 
colors formed with other aromatic compounds disappear rapidly. 


BUTANONE METHOD 

Absorbing Reagent— Mix equal volumes of concentrated sulfuric acid and 
fuming nitric acid. 

Procedure— Pass a known volume of the air being sampled through two midget 
impingers in series containing 2 to 3 ml. of absorbing solution. After sampling is 
completed, allow to stand for 10 minutes and cautiously dilute with 25 ml. of 
water. Cool the mixture and extract the nitrated material with 25 ml. of ethyl 
ether. Draw off the aqueous layer and discard. Wash the ether layer with 25 ml. 
of water. Discard the water layer and transfer the ether layer to a 100-ml. volu- 
metric flask. Make to volume with 95% alcohol. Transfer a 10-ml. aliquot to a 
test tube, add 1 ml. of butanone and 2 drops of 40% sodium hydroxide solution, 
shake the mixture, and allow to stand for 10 minutes. In the presence of ben- 
zene a crimson color is formed. 

Add 5 drops of glacial acetic acid, stir the test tube contents, and allow to 
stand for an additional 10 minutes. At the end of this period compare with 
known concentrations of benzene treated in an analogous manner, or read the 


36 Elvove, E., Ind. Eng. Chem., 9, 295, 1917. 

37 Rounds, F. G., and Pearsall, H. W„ Diesel Exhaust Odor, S.A.E. Natl. Diesel Engine 

Meeting, Chicago, 1956. ° L 

as Jacobs, Morris B., Eastman, E. L„ and Shepard, D. L„ J. Am. Pharm. Assoc Sri Frl 

40, 36o, 19ol; Jacobs, Morris B., The Chemical Analysis of Air Pollutants Intersrimre 
Publishers, Inc., New York, I960. tS ’ inlersciencc 

33 Cohen, I. R„ and Altshuller, A. P„ Anal. Chem., 33, 726, 1961. 

40 Schrenk, H. H„ Pearce, S. J„ and Yant, W. P„ U. S. B~ur. Mines onon 

1935; 3302, 1936; Jacobs, Morris B., The Analytical Chemistry of Industrial Pois"" ’ 
Hazards, and Solvents, 2nd Ed., Interscience Publishers, Inc., New York 1949 1 ’ 

B - H - ft* E "8' <*«»•. A-l. Ed.. 15, 212, { m N. TsSc inHidl., 25, No. 
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transmission and calculate the amount of benzene from a standard curve. Other 
methods for the determination of benzene have been discussed by Jacobs. 42 

ACETYLENE 

Hughes and Gorden 43 modified the cuprous acetylide reaction so that it could 
be used for the determination of acetylene in air in the range of parts per billion. 

Reagents. Ammoniacal Cupric Chloride Solution.— Dissolve 1.5 g. of cupric 
chloride and S g. of ammonium chloride in 2Q ml. of concentrated ammonium 
hydroxide solution, and dilute to 50 ml. with water. 

Hydroxylaminc Solution.— Dissohe 5 g. of hjdroxylamine hydrochloride in 50 
ml. of water. 

Ammoniacal Cuprous Chloride Solution.— Mix 1 volume of the ammoniacal 
cupric chloride solution with 4 to 5 volumes of the hydroxylaminc solution. 

Sampling.— Use a train consisting of a probe, a U-tube containing glass wool to 
serve as a trap, a detector tube containing adsorbent silica gel, and a vacuum 
pump with glass to glass or Tygon tube connections. 

Procedure .— Immerse the U-tube and detector tube in a freezing bath containing 
acetone and dry ice. Draw air at 0.2 1. per minute for 10 to 50 minutes, depend- 
ing on whether the concentration is below 1 p.p.m. Remove the tube from the 
bath and allow to warm up to ambient temperature; add the ammoniacal cuprous 
chloride reagent. Note the development of a pink, red to brown color, which 
is stable for 48 hours. Compare with standards made by passing known concen- 
trations of acetylene in pure air through similar detector tubes. 

PHENOLS 

A number of methods for the determination of phenol are detailed throughout 
the text. These can be used, with but slight modification, for the determination of 
phenols in air. A method devised by Braverman, Hochheiscr, and Jacobs, 44 in 
which />-aminodimethylanilinc sulfate is used as a leagent, can be employed to de- 
tect phenols in air in the order of parts per ten billion of air. 

Reagents. p-Aminodimethylanilinc Sulfate Stock Solution.— Mix 50 mb of con- 
centrated sulfuric acid with 30 ml. of water and cool. Add 20 g. of the amine, 
stirring until solution is complete. Make up to 100 ml. with additional water. 

p-Aminodimethylaniliue Sulfate Test Solution.— Dilute 5 ml. of die stock amine 
solution to 100 ml. with water. 

Standard Phenol Solution.— Make a solution containing 100 //g. of phenol per 
milliliter and standardize it by the bromidc-bromate method. Prepare a solution 
containing 1 ng. per milliliter from the stock solution by dilution. 

Standard Curve.— Add 1, 3, 5, and 7 Mg- of phenol to 45 mb of 0.5% sodium bi- 
carbonate solution in a 125-ml. separatory funnel. Follow the method as de- 
tailed in die procedure. Determine die optical densities at 600 m^, using a final 
volume of 10 mb and a blank as the reference. 

Procedure.— Aspirate air at a rate of 1 c.f.m. dirough 45 ml. of 0.5% sodium bi- 
carbonate solution in a fritted bubbler. Transfer the sample solution to a 125-mb 

« Jacobs, Morris B., ami Scheflan, L., The Chemical Analysis o£ Industrial Sohents, 
Interscicncc Publishers, Inc, New York, 1953. 

43 Hughes, E. E, and Gorden, R., Anal. Chem., 31, 94, 1959. 

44 Braverman, M. M., Hochheiscr, S., and Jacobs, Morris B., Am. Ind. H>g. Assoc. 
Quart., 18, No. 2, 132, 1957. 
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separatory funnel. Add 4 drops of die amine test reagent, and then add 0.1% 
calcium hypochlorite solution, dropwise until the pink color changes either to 
blue or to colorless. Allow to stand for 5 minutes. Extract with 10 ml. of chloro- 
form. Filter the chloroform layer through a pledget of cotton into a small test 
tube. Make up to 10 ml. with chloroform. Stopper the tube and allow to stand 
for 30 minutes. Read the optical density at 600 m/t, and calculate the concentra- 
tion of phenol from the standard curve and the volume of air sampled. 



Chapter 24 


ALLOYS: IRON AND STEEL 

By H. F. Beeghly 

Jones ami Laughlin Steel Corp. 
Pitisbmgli, l»a. 


Introduction .— This chapter comprises jeference methods compiled under the 
jurisdiction of Committee E-3 on Chemical Analysis of Metals, American Society 
for Testing and Materials (ASTM), 1916 Race Street, Philadelphia 3, Pa. Stand- 
ard and Tentative Methods are included. 

The ASTM Standard Methods are referee methods primarily; the Tentative 
Methods have been approved by the sponsoring committee and accepted for use 
pending adoption as standard. Both Standard and Tentative Methods are issued 
under a fixed designation E30, followed by a number that is the year of original 
adoption or, in the case of revision, the year of last revision; the year is followed 
by a T for Tentative Methods. The designation E30-6QT, for example, denotes 
a Tentative Method, adopted in 1960. 

Incorporated into the following procedures are Standard Sampling Methods 
(E59-57) and selected material from Recommended Practices for Apparatus and 
Reagents (E50-60). In addition, the chapter includes selected methods— mainly 
for determinations for which ASTM Methods have not been compiled. More 
extensive information, such as may be necessary for unusual or research analytical 
problems, is available in several published works. 1 

1 ASTM, Methods for Chemical Analysis of Metals, American Society for Testing and 
Materials, Philadelphia, 1960; Beeghly, H. F., Ferrous Mctalluigy, Reviews, Analytical 
Chemistry, 21, 241-G, 1949; 22, 235-8, 1950; 23, 228-31, 1951; 24, 252-8, 1952; 25, 30-G. 
1953; 27, Gll-14, 1955, 29, 638-43, 1957, 31, 706-12, 1959; 33, 70R-7GR, 1961; BS1, Methods 
for the Sampling and Anahsis of Iron and Steel, Britisli Standaids Institution, London 
(as issued); Koltholf, 1 M., and Elving, P. j. (eds). Treatise on Analytical Chemistry, 
Imerscience Publishers, New York, 1961; Lundell, G. E. F., HofTman, J. I., and Bright, 
H. A., Chemical Analysis of Iron and Steel, John Wiley and Sons, Inc., New York, 1931; 
Piggott, E. C, Ferrous Analysis— Modern Practice and Theory, John Wiley and Sons, New 
York, 1953, Iron and Steel Institute, Special Report #68, The Determination of Gases m 
Metals, The Iron and Steel Institute, London, 1960; Westwood, IV'., and Mayer, A.. 
Chemical Analysis of Cast Iron, and Foundry Materials, Allen and Unwin, 1952. 
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STEEL , CAST IRON, OPEN-HEARTH 
IRON, AND WROUGHT IRON 2 


Scope — These methods cover procedures for the chemical analysis of steel, cast 
iron, open-hearth iron, and wrought iron. They have been compiled as standard 
procedures for use in referee analyses. The analyst should check the method and 
technique that is used by means of a National Bureau of Standards standard sam- 
ple that has a composition comparable with that of the material under test. A 
list of these standard samples is given in the Bureau's Supplement to Circular C 
552. 


SAMPLING (£59-57) 

a. ROLLED AND FORGED STEEL PRODUCTS 

Different parts of a piece of steel may vary in composition. For this reason, a 
sample from a single piece must be carefully selected if it is to be representative 
of that piece. To obtain an analysis representative of a melt, a number of repre- 
sentative pieces should be sampled and analyzed separately. In any case, the 
sample shall be so selected as to be thoroughly representative, and large enough 
to suffice for all of the required determinations. It should be remembered that 
the composition of the steel is changed by certain operations and that samples 
should be taken from the steel in its original condition. 

Samples shall consist of drillings or chips cut by some machine tool without the 
application of water, oil, or other lubricant, and shall be free of scale, surface 
metal, grease, dirt, or other foreign substances. In sampling skelp, pipe, and 
tubes, or flat rolled stock used in the manufacture of pipe and tubes, the diameter 
of the drill used shall be the largest practicable within the limits of Yi to 1 in. If 
samples from other materials are taken by drilling, the diameter of the drill used 
shall be not less than Y> in., when the area of cross-section to be sampled is 16 
sq. in, and under, and shall be not less than 1 in., when the area of cross-section 
to be sampled is over 16 sq. in. Samples shall be uniform, thoroughly mixed, and 
free of dust. Chips too coarse to pass a No. 16 (1 190-yx) sieve 3 are not recom- 
mended, nor shall long, curly drillings that will not pack closely for the carbon 
determination be used. In referring samples to other analysts for check analysis, 
pieces of the original full-size section shall be submitted, when possible, rather 
than cuttings, unless the latter are specifically requested. 

2 ASTM Designations: E30-56, and E30-G0T. Reproduced with the permission of the 
American Society for Testing and Materials. 

3 Detailed requirements for these sieves are given in the Specifications for Sieves for 
Testing Purposes (ASTM Designation: Ell), 1960 Supplement to Book of ASTM StinH. 
aid, Parts 3 to 5 and 7 to 10. 
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Location of Samples . Large Sections.— For large sections, including blooms, bil- 
lets, slabs, rounds, squares, shapes, etc, samples shall be taken at any point mid- 
way between the outside and the center of the piece by drilling parallel to the 
axis. In cases where this is not practicable, the piece shall be drilled on the side 
(see Fig. 24-1 (6) and (c)) but the drillings shall not be collected until they repre- 
sent the portion midway between the outside and the center. The tension test 
specimen may be used for sampling if it conforms to the above conditions. 

Bored Forgings and Forged, Turned, and Bored Pipe.— For bored forgings, sam- 
ples shall be taken midway between inner and outer surface of the wall. For 
forged, turned, and bored pipe, samples shall be taken by drilling through the 
pipe wall, or cuttings shall be taken across the end of the tube, or millings shall 
be taken from a broken tensile test specimen cut from the wall of the tube. 

Thin Material.— For thin material or material of small cross-section, such as 
plates, shapes, bars, etc, if die method described for large sections is not ap- 



Fic. 24-1. Location of Samples for Check Anal) sis. 


plicable, die sample shall be taken by machining off the entire cross-section, or, if 
this is not possible, by drilling entirely through the material at a point midway 
between the outside and the center (see Fig. 24-1 (a)). 

Sheets Rolled Longitudinally.— For sheets rolled from slabs or bars longitudi- 
nally, the specimen for sampling shall be cut 2 in. in width, and across the full 
width of the sheet as rolled. The specimen shall be cleaned by pickling or grind- 
ing and then folded once or more by bringing the ends together and closing the 
bend. The sample for analysis shall be taken in the middle of this length, by 
milling the inside sheared edges or drilling entirely through from the flat surface. 
Sampling by milling is preferable. For sheets of a light gauge, more than one 
specimen may be taken and stacked together before folding. 

Sheets Rolled Transversely.— For sheets rolled from slabs or bars transversely, 
the specimen shall be cut from the side of the sheet, halfway between the middle 
and end as rolled, 2 in. in width and 18 in. in length. If the sheet is No. 20 
gauge (24 oz. per sq. ft- or 0.037 in. in thickness) or lighter, the specimen shall 
be cut from the full length of the sheet as rolled. The specimen selected shall 
be cleaned by pickling or grinding, and then folded once or more by bringing 
the ends together and dosing the bend. The sample for analysis shall be taken 
in the middle of this length by milling the inside sheared edges or drilling en- 
tirely through from the flat surface. Sampling by milling is preferable. 

Sheets Not of the Full Size Rolled.— Sheets cut from larger sheets, and not of 
the full size rolled, shall be sampled by milling or drilling the sheet in a sufficient 
number of places so that the sample is representative of the entire sheet. The 
sampling may be facilitated by folding the sheet both ways. 
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Skelp and Flat Rolled Stock Used in the Production of Pipe and Tubes.— For 
skelp and flat rolled stock used in the manufacture of pipe or tubes, the specimen 
shall be cut across the width of the material as rolled. Sampling shall be by one 
of the following methods (A specific method may be required by reference.): (1) 
chips cut by some machine tool representing the full cross-sections; (2) chips cut 
by some machine tool representing a half cross-section; (3) drilling through or 
milling across the test specimen or a 2-in. strip cut midway between edge and 
center; or (4) drilling through at several points across the width. 

Pipe or Tubes.— Sampling shall be by one of the following methods: (1) chips 

cut by some machine tool, representing the cross-section; (2) chips cut by some 

machine tool, representing a half cross-section from a point adjacent to the longi- 
tudinal weld to a point 180° from the weld. Weld metal shall not be included; 
(3) drilling through or cutting by some machine tool across the test specimen or 
2-in. coupon located 90° from weld in welded products; or (4) drilling through 
the pipe wall at several locations around the circumference of the pipe or tube. 
In sampling wrought iron pipe it is desirable that the sample represent the entire 
cross-section of the specimen. Sampling by milling is preferable. Complete de- 
tails are included in the section on sampling wrought iron. 

b. PIG IRON 

In the absence of a special agreement between the manufacturer and the pur- 
chaser, or whenever it is necessary to sample pig iron in the solid state, the sam- 

pling shall be carried out in the following manner: not less than three pigs shall 
be taken to represent any lot or shipment, and for lots of more than 30 tons one 
pig shall be taken for each 10 tons of iron; the pigs shall be selected by some 
means, such as the knotted rope system, that eliminates the element of personal 
choice; three to seven pigs, taken in the order selected, shall constitute a unit 
sample; for boat or barge shipments, arrangements between the seller and the 
purchaser may be made, if desired, in regard to taking fewer pigs per ton; if for 
any reason it is desirable to fracture the pigs, they may be broken in two, and 
one portion of each of the original pigs reserved for the sample for analysis; any 
loose sand or other deleterious matter on the reserved portions shall be removed, 
conveniently by brushing. 

The sample for analysis shall be collected, after the proper discard, by drilling 
each pig or portion of pig with a properly sharpened and hardened, flat-bead, %- 
or %-in. high-speed tool-steel drill, in a direction at right angles to the long axis 
of the pig, and at such a feed as to form a minimum amount of fine drillings. 
The first drillings shall be discarded, and only the drillings collected after the 
drill has pehetrated Yi in. shall be reserved for the sample. The drilling shall ex- 
tend to within Yi in. of the opposite surface of the pig. Suitable precautions 
shall be taken to collect all the drillings, fine as well as coarse particles, and to 
avoid contamination of the sample in any way. Any pigs or portions of pigs 
found too hard to drill readily may be annealed by heating to a dark red color 
and cooling in air. 

The sample for analysis shall be composed of equal portions by weight of the 
drillings from the pigs forming the unit sample. The weight of the Combined 
sample shall be not less than 75 g. The drillings shall be thoroughly mixed, as by 
gently grinding in a suitable mortar until all pass the No. 20 (840-^) sieve! Un- 
less accurate determinations of combined and graphitic carbon are required, the 
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sample shall be carefully divided imo three equal parts in accordance with Sec- 
tion p, 649. 

When combined and graphitic carbon must be determined with the highest 
degree of accuracy, equal portions by weight of the drillings from the pigs or 
parts of pigs representing a unit sample shall be mixed to form a sample oi at 
least 100 g., which shall then be separated into coarse and fines by sieving as de- 
scribed in die following section. 

c GRAY IRON CASTINGS 

In accordance with the Specifications for Gray Iron Castings (ASTM Designa- 
tion: A48), 4 three test bars 1.20 in. in diameter shall be cast in sand from each 
heat after one-fourth and after three-fourths of the heat has been poured. One 
bar from each set shall be broken. One end of each, next to the fracture, shall 
be thoroughly cleaned and the outer skin removed for a sufficient distance from 
the fracture, down to clean metal. Chips shall then be taken by means of a 
lathe or milling machine across die whole face of the bar, until not less than 
100 g. have been collected. The same amount shall be taken from each bar. 
The bar shall be so clamped as to permit the attachment or use of any suit- 
able device for collecting every part of the sample, and die machine shall be 
run slowly enough to reduce to a minimum the danger of loss of fine particles 
(avoid drafts). Horizontal drilling may also be employed. 

The entire gross sample shall be weighed and then sifted on a No. 80 (177-jt) 
and, if necessary, a No. 12b (125 -m) sieve with cover. Both sieves and cover must 
be tight-fitting to avoid loss of fine graphite by dusting. As an alternative pro- 
cedure: (I) the drillings may be sifted through two sieves of such sizes diat not 
under 10% nor over 20% of the entire sample remains on the larger sieve, and not 
under 10% nor over 20% passes through the smaller sieve; or (2) sieves may be 
used of such sizes that concordant results may be obtained. The two (or three) 
portions so obtained shall be separately weighed. Each one shall then be thor- 
oughly mixed without any loss of material, and then divided into three parts in 
accordance with Section f., p. 649. Before weighing the sample for analysis, the 
contents of each bottle shall be thoroughly mixed. Carbon is determined on 
each of the sieved portions, and the carbon present ill the original drillings is 
calculated from the ratio of Use weights of the separate sieved fractions to the 
original iron. As a general rule, the very fine material is richest in carbon, the 
coarse material next, while the intermediate sizes are the poorest. 

For routine analyses, the aim should be to obtain the iron in as small particles 
as possible, as for example by milling. In such case, the samples for graphite and 
carbon may be taken by forming a cone, flattening it out, and taking small dabs 
with a spatula from at least ten representative portions for each weighed portion. 
Less care is needed in taking portions for the determination of the other con- 
stituents; grab samples from the container after gentle tumbling are satisfactory. 

d. MALLEABLE IRON 

Malleable iron shall be sampled in the same manner as described for pig irou* 

e. WROUGHT IRON 

As it is desirable that die sample represent the entire cross-section of the speci- 
men, sampling by milling is preferable. Specimens shall be freed from any m* 

<1960 Supplement to Book of ASTM Standards, Part 1. 
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scale by pickling, grinding, or other suitable means. It is necessary to secuie all 
of the millings, for the various sized particles will differ in composition. For rou- 
tine work, samples for carbon, manganese, phosphorus, sulfur, and silicon may 
be taken from the thoroughly mixed millings. For the determination of slag and 
oxides, or for umpire determinations of the other constituents, the entire sample 
shall be weighed and then sifted without dusting on a No. 35 (500-/*) sieve. The 
two fractions shall be weighed, and in taking samples for analysis, portions of 
these two well mixed fractions shall be taken in the same proportion that they 
bear to the gross sample. 

f. SIZE OF SAMPLE AND STORAGE 

The prepared sample shall weigh at least 100 g. The sample, or each fraction 
into which it has been separated by sieving (Section c), shall be divided into three 
equal parts, each of which shall be placed in a sealed package, one for the manu- 
facturer, one for the purchaser, and one for an umpire, if necessary. Samples 
that are to be stored over long periods, or that are oxidized readily, or otherwise 
altered in composition under varying atmospheric conditions, or that may be- 
come seriously contaminated in contact with paper or cardboard, should be kept 
in wide-mouth glass bottles of approximately 2-oz. capacity, having tightly fitting 
screw caps of metal or preferably, plastic composition. In other cases, tight, leak- 
proof, paper sample envelopes or cardboard cartons may be used to hold the 
sample. 

g. RESAMPLING 

In the case of dissatisfaction or disagreement, the metal shall be resampled in 
the presence of representatives of the manufacturer and the purchaser. The thor- 
oughly mixed samples shall be divided into three equal parts, each of which shall 
be placed in a sealed package, one for the manufacturer, one for the purchaser, 
and one for an umpire, if necessary. 

WATER, REAGENTS, AND GLASSWARE 

Water .— Unless otherwise indicated, references to water shall be understood to 
mean distilled water or other water of equivalent purity. 5 

Reagents. Purity .—Unless otherwise indicated, it is intended that all reagents 
shall conform to the specifications of the Committee on Analytical Reagents of 
the American Chemical Society, when such specifications are available. 0 Other 
grades may be used, provided it is first ascertained that the reagent is of sufficiently 
high purity to permit its use without lessening the accuracy of the determination. 
In addition to this, it is desirable in many cases for the analyst to assure the ac- 
curacy of his results by running blanks or checking against a comparable sample 
of known composition. 

Concentrated Acids, Ammonium Hydroxide, and Hydrogen Peroxide.— When 
acids, ammonium hydroxide, and hydrogen peroxide are specified by name or 

5 Water conforming to the Specifications for Reagent Water (ASTM Designation: D1I93) 
1!)58 Book of ASTM Standards, Parts 0 to 10, meets these requirements. ’ 

0 Reagent Chemicals, American Chemical Society Specifications, Am. Chem. Soc., Wash- 
nigton, II. C. For suggestions on the testing of reagents not listed by the American Chem- 
ical Society, see Rosin, Joseph, Reagent Chemicals and Standards, 4th Ed., D. Van Nos- 
trand Co., Inc., Princeton. N. J„ 1961, and the United States Pharmacopeia. 
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chemical formula only, it shall be understood that concentrated reagents „t , 
specific gravities or concentrations shown in Table 24-1 are intended Th ■ ' 
specific gravities or concentrations of all other concentrated acids shall h. 
wherever they are specified. e Sa ^ ed 


Table 24-1. Concentrations of Acids, Ammonium 
Hydroxide, and Hydrocen Peroxide 


Acetic acid 

Formic acid 

Hydrobromic acid . . 
Hydrochloric acid .... 
Hydrofluoric acid. . . 

Nitric acid 

Perchloric acid 

Phosphoric acid . . . 

Sulfuric acid 

Sulfurous acid 
Ammonium hydroxide 
Hydrogen peroxide . 


Formula 


Specific Percentage of Reagent by Weight 
Gravity. • 
approx. 


CH 3 COOH 

HCOOH 

HBr 

HCi 

HF 

HNO 3 

hcio 4 

H 3 PO 4 

H 2 SO< 

HjSOj 

NH 4 OH 

h 2 o 2 


1.05 

1.20 

1.49 

1.19 

1.15 

1.42 

1.67 

1.69 

1.84 

1.03 

0.90 

1.10 


Nominal 


Min. 


Max. 


99.5 

88 

47.0 

35.0 

48.0 

69.0 

70.0 
85 

95.0 

6 (SOj) 

27.0 (NHa) 
28 


72.0 


30.0 (NH») 


Diluted Acids and Ammonium Hydroxide.-Concentrations of diluted acids and 
mmonium hydroxide, except when standardized, shall be specified as a ratio stat- 
ing tile number of volumes of the ■ 


r . 1 concentrated reagent to be diluted with a given 

°[ volumes ol water, as in the following example: HCI (5:95) means 5 
volumes of concentrated HCi (sp. gr. 1.19) diluted with 95 volumes of water, 
aianaam bolutions.-Concentrations of standard solutions shall be expressed as 
orma ities or as equivalents in grams per milliliter of the element to be deter- 
mtned, for example: 0.1 N KM„0 4 . or NaAO, (1 ml. = 0.0006 g. Cu). 

onstan ar ized Solutions.— Concentrations of lionstandardized solutions pre- 


pared by dissolving a given weight of the solid reagent in a solvent shall be spe- 


^ ai ? s of U,c s . aIt as weighed out? per liter of solution, and it shall be 
ers °° . at water is the solvent unless otherwise specified, for example: to 
| repare barium chloride solution (100 g. per liter) dissolve 100 g. of BaCl 2 -2H 2 0 
. £r 3n . fi j Ute to * ^ ter - In case of certain reagents, the concentration 
y e specified as a percentage by weight, for example: H,0, (3%) means a solu- 
.• ™ contai " in g 3 g. of H 2 0 2 per 100 g. of solution. Other non standardized solu- 
s may e specified by name only and the concentration of such solutions will 
be governed by the instructions for their preparation. 

imTin tenmnf 01 the ™ ethods - th e concentrations of nonstandanlized leagents are now 


pilpn in I,™. _ c : — “«• wnuciiuauuiis 01 iiLmhictiiu.il luacu iwgtnu 

desrriminne iJL ®” 1 ?. 5 ° f an . h >’ drous sa,t per liter of solution, as dearly indicated in their 
! he methods are next. extensively revised, the descriptions of the re- 


agents will be revised to conform with 


Section 4(d) of E50. 
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Glassware .*— All glass apparatus and vessels used in analytical work should be 
carefully selected to meet the particular requirements for each operation. Stand- 
ard volumetric flasks, burets, and pipets should be of precision grade. New and 
improved types of glass apparatus ate available, including colored glass for the 
protection of solutions affected by light, alkali-resistant glass for use where superior 
resistance to alkalies is important, and a high-silica glass having exceptional resist- 
ance to diermal shock. Standard-taper, interchangeable, ground-glass joints are 
very useful in analytical work. 

Safety Precautions .— The analytical worker should be conscious of, and ready to 
•mard against, hazardous chemical operations, which may have deleterious physio- 
logical effects or cany die risk of explosion, fire, etc.” The corrosive and injurious 
nature of concentrated acids, alkalies, and the like is generally understood. The 
poisonous nature of cyanides and hydrocyanic acid calls for care in handling burets 
and other vessels that are used in working with them. The importance of wearing 
protective goggles while performing distillations, fusions with peroxide, and other 
similar operations cannot be overemphasized. Suitable gas masks should be worn 
when handling cylinders of poisonous gases, or in other operations that may lead 
to the accidental liberation of a high concentration of poisonous gas. An air-fed 
helmet supplied from a compressed air line should be provided in any closed room 
where a cylinder of a poisonous gas is to be attached to a supply line. Cylinders 
should be chained to a suitable support before the shipping caps are removed. 
Adequate, properly ventilated storage space should be provided for hazardous 
chemicals; such storage, for most laboratories, should be provided in a separate 
structure. Hazards and precautions applying to eight specific materials are covered 
in the following paragraphs. 

Beryllium.— Beryllium and its compounds offer a serious health hazard. The 
use of precautions against dusting and spraying of compounds or solutions is im- 
perative. The transfer of CI17 powders must be done in a "dry box” with attach- 
ment to a filter system connected to a gentle vacuum line. 

Radioactive Materials.— These offer special hazards that call for special training 
and special health protection. For high levels of activity, special construction is 
essential, and provision for proper disposal of radioactive wastes must be made. 

Hydrofluoric Acid.— Hydrofluoric acid burns are both painful and dangerous, as 
infection and necrosis of bone tissue may occur. Even if only one drop of HF has 
touched the skin, wash immediately with plenty of water, and soak the exposed part 
in a strong solution of borax. 


8 For further information the following references may be consulted: Tentative 
Method of Testing and Standardization of Etched-Stem Liquid-in-Glass Thermoin’emix 
(ASTM Designation: E77), 1958 Book of ASTM Standards, Part 7; Hughes, I. C. Testing of 
Hydrometers, Nat. Bureau Standards Circular 555, U. S. Government’ Printing Offirr- 
Washington, D. C„ 1954; Moran, J. J„ Methods of Testing Volumetric Glassware Pro’ 
ceedings, ASTM, 41, 492, 1941; Peffer, E. L., and Mulligan, G. C„ Testin- of Glass Vo o' 

Circu,at ^ «• s - wiss; 

mg New,, 26, 304, February 2, 1948; Patty, F. A. InL.rifl 

vols., Interscience Publishers, Inc., New York, 1949; Sax, N I DannemiK u co .S>* - 
Industrial Materials, Reinhold Publishing Corp., New York, 1957- General 
mntee of the Manufacturing Chemists’ Association, Inc., Guide forSafetv : * rs C ° m i 
Laboratory, D. Van Nostrand Co., Inc., Princeton, N. j., 1954. ^ n C le ^^ emica l 
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Nitric Oxide.— These vapois are cumulatively harmful to the respiratory system 
so solution of metals in HNO a should be made in a well-ventilated hood. 

Hydrogen Sulfide.— Whenever possible, the generation of H 2 S should be limited 
to the amounts needed for the work at hand. The gas should be used only under 
an adequate hood, since it is more toxic than cyanide. When cylinders and stor- 
age tanks are used, it is desirable that the cylinder and tank be housed under 
cover with free access of air. The use of a helmet, furnished with a compressed air 
connection, is desirable when changing cylinders or making repairs. Fatal acci- 
dents have resulted from loosening the nut of the purge vent instead of the nut 
lending from the valve. 

Organic Solvents.— Regard all organic solvents as harmful, and avoid inhaling 
small amounts of vapor on repeated occasions. Smoking or open flames should 
be prohibited in areas where organic solvents are in vise or in storage. 

Metallic Mercury.— Metallic mercury gives od an appreciable amount of vapor; 
it must not be handled in quantity in a confined space, even at 100 m temperature. 
Every effort should be made to avoid spilling mercury since it easily lodges in 
cracks and crevices and may result in nieicury poisoning. 

Perchloric Acid.— This acid has many desirable analytical uses that can be safely 
practiced with proper precautions. The well diluted acid has no hazardous prop 
erties, but the hot, concentrated, constant-boiling acid in contact with reducing 
matter, organic or inorganic, may produce violent and dangerous explosions. Pre- 
cautions that should be taken iu using HC10 4 are as follows: 10 

Storage .— Perchloric acid is normally purchased as either a 60 or 70% solution. 
This acid should be stored away fiom flammable and reducing materials, in a 
room or building that has ceramic floors, sides, and walls. If the acid becomes 
colored while standing, discard it immediately. There should be provision for 
flushing any spilled acid from broken containers, etc., down a drain, using adequate 
water to maintain proper dilution. 

Hoods .- For fuming operations with tire constant-boiling acid for the determi- 
nation of silica, and like operations, it is imperative that the condensed acid fumes 
do not come into contact with wood or other reducing material. The ideal bench 
and hood would consist of nonabsorbing, acid-resistant material with provision for 
washing down the exhaust flue and interior of the hood once a mouth or oftener. 


Such hoods are commercially available, and should be considered in planning new 
installations or in redesigning old ones. Only inorganic cements should be used 
in joining the sections of the hood and bench. Litharge-glycerine cement should 
not be used in any part of a laboratory using HC10 4 , A hot crucible placed on 
such a joint may cause a violent explosion if HC10 4 has previously been spilled and 
absorbed in the litharge glycerine joint. The washing operation should be done 
in such a way that die condensed acid is greatly diluted. Protective clothing is de- 
sirable. If tools must be used in connection with cleaning, they should be used 
only after thorough water dilution of die acid; nonsparking materials, such as wood, 
hard rubber mallets, or fiber brushes, should be used. 


For additional information on precautions for the use of HC10 4 , reference niay be 
made to the following: Chemical Safety Data Sheet SD-1I. Perchloric Add Solution, Manu- 
facturing Chemists’ Association, Inc.. Washington, D. C., 1947; Peichlonc 
Sheet D-31I (D-Chem 44), National Safety Council, Chicago; Sax, N. I.. D ™#" 1 » 
Properties of Industrial Matnials, Reinhold Publishing Carp., New York, 1937; .4 " 
Safety Committee of the Manufacturing Chemists’ Association, Inc , Guide tor sate y 
the Chemical Laboratory, D Van Nostrand Co., Inc., Princeton, N. f., 1954. 
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Destruction of Organic Matter— Evaporation of organic solvents or ignitions of 
combustible material should be prohibited in hoods that are used lor work with 
HC10 t . Filter papers that are used to filter solutions of dilute HC10 4 may, if in- 
sufficiently washed, deflagrate or explode during drying. Solutions of perchlorates 
and acids, or of HC10 4 in organic solvents, are hazardous mixtures and should 
never be heated or agitated violently. Under no circumstances should a mixture 
containing HC.lO i and alcohol be healed or evaporated; some of the most dangerous 
and damaging explosions have resulted from neglect of this rule. Perchloric acid 
is often used to destroy the last traces of organic matter in analytical operations. 
The bulk of the organic matter is destroyed by repeated evaporations with HNO :! 
and H.,S0 4 , followed by dilution after cooling, and addition of minimal amounts 
of HClOj, followed by further heating. This process, if improperly carried out. 
that is, by adding HC10 4 while there is an appreciable quantity of organic matter 
and the H.,S0 4 is concentrated, may lead to violent explosions. 11 

Drying Operations— Magnesium perchlorate, which is used as a drying agent, 
should not be used in the presence of strong acid or of organic matter. Serious 
explosions have resulted from its use for drying an organic liquid that has been 
in contact with sulfuric acid and has been poorly washed. 1 - It has been reported 
that if Mg(C10 4 ) 2 is allowed to absorb NH 3 gas, an explosion may result. 13 

Metals and Alloys.— Hot, concentrated HC10 4 may react with finely divided 
metals to give violent explosions. Metallic antimony or bismuth has caused ex- 
plosions. 11 In general, the contact of hot, concentrated HC10 4 with any strongly 
reducing material is hazardous. W. Dietz 15 has reported an explosion when steel 
was being dissolved. The explosion was presumed to have been caused by the ac- 
tion of the hot HC10 4 vapor on the hydrogen simultaneously evolved. Dilution 
of the HC10 4 tends to minimize the explosion hazard. Nitric acid should always 
be used with HCIO a when metals and alloys are being dissolved. In this way 
HN0 3 serves as the major oxidizing agent, and lowers the HC10 4 concentration, 
so that by the time HC10 4 boils, the possibility of a violent explosion is minimized. 


11 For information on explosion hazards, refer to the following: Kahane, E., Explosion 
Hazards in the Use of Perchloric Acid, Comptes rendus. Seventeenth Congress of the 
Chemical Industry in Paris, 1937, p. 471; Chemical Abstracts, 32, 6163, 1938 (For safety, 
the bulk of the organic matter is destroyed by nitric acid, and the perchloric acid is 
added to sufficient cold dilute solution.); Kahane, E„ Ober Unfiille bci tier Zcrstdrung 
organischer und Obcrchorsaure, Zeitschrift fur analytischc Chemie, III, M, 1937; Balks 
R., and Wehrmann, O., A Warning Against the Use of Perchloric Acid Mixtures for* the 
Decomposition of Animal Substances, Bodenkunde und Pflanzenernahr, II 253 1938- 
Chemical Abstracts, 33, 2438, 1939 (Some forms of animal material are insufficiently de- 
composed by HNO s to permit final use of HC10 4 .); Kahane, E., Comptes rendus * 193 
1018, 1931; Chemical Abstracts. 26, 940, 1932; Smith, G. F„ Perchloric Acid 3rd Fd ’ 


O, jyi, LVM. OIU 1 L 11 , J. Iic uumibiic aiui Versatile Rrartinn Prmx 

erdes of Perchloric Acid, Analyst, 80, 16, 1955. 1 

13 Pieters, H. A. J., with the collaboration of Creyghton, J. W„ Safety in the Chemical 
Laboratory, Academic Press, Inc., New York, 27, 1951. * 

13 Private communication from G. Frederick Smith. 

11 Fichter, F„ and Jenny, E., Perchlorates of Bismuth and Antimony, Helvetica rhimir-. 
Acta, 6, 225, 1923; Chemical Abstracts, 17, 1599, 1923. ’ unimica 


15 Dietz, W., Ober die Ungefahrlichkeit konstant siedender, 72 
chlorsaure, Angewandte Chemie, 52, 616, 1939. 
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Detail of Combustion Tube F 



Fig. 24-2. Typical Arrangement for Determination of Carbon by the Direct-Combustion 
Method: A, a 100-cu. ft. cylinder of oxygen; Ii, reducing valve; C, rubber tubing; E, 
toner containing soda lime for removing any C0 2 in the oxygen. A layer of about ^ in. 
of anhydrous Mg(CI0 4 ) 2 is placed on top for removing traces of moisture; F, combustion 
lube. The asbestos impregnated with iron oxide is prepared by treating some asbestos 
with a saturated solution of Fe(N0 3 ) 3 , drying and heating to 1000°C. The treated asbes- 
tos is placed lightly in the combustion tube, and not packed; G, electric furnace; L, ma- 
nometer gauge; ill, glass tube lightly packed with absorbent cotton to remove solid par- 
ticles; N, bottle containing 25 ml. of H 2 S0 4 (l'4) saturated with chromic acid to remove 
sulfur gases from the gas stream; /, bottle contains 50 ml. of H 2 SO + (sp. gr. 1 84) for remov- 
ing the bulk of the moisture that passes over frpm bottle A'. Where a large number of 
carbon determinations arc being made the add in this bottle should he changed daily, 0, 
U-tnbe containing anhvdrous Mg{C10 4 ) 2 ; this tube is filled lightly and evenly, so as not 
to cause packing; J. absorbing bulb containing a 20- to 30-mesh inert base impregnated 
with NaOH, for absorbing the C0 2 . A layer of glass wool is placed in the bottom and 
top of the bulb, and the soda-impregnated C0 2 absorbent is covered with a layer of anhy- 
drous Mg(CI0 4 ) 2 approximately % in- thickness; K, bottle containing H 2 SO^ (sp. gT- 
1.84); may be omitted if the stopcock in J is so manipulated during combustion that no 
air is drawn through the exit tube. 


TOTAL CARBON BY THE DIRECT-COMBUSTION METHOD 

Apparatus and Reagents.— The apparatus shall be suitable for the direct com- 
bustion of the metal in oxygen, with the C0 2 obtained being collected in a suitab e 
adsorbent, consisting of an inert base impregnated with NaOH and with suitab e 
purifying and protecting trains following the furnace. Figures 24-2 and 24-3 show 
two typical arrangements of the apparatus. The apparatus and arrangement may 
be modified, provided satisfactory results for the carbon determination will be o - 

16 Ascarite and Caroxue have been found satisfactory for this purpose. 
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tained. Owing to the diversity of apparatus by which correct results may be ob- 
tained in the determination of carbon, the recommendations given in the following 
paragraphs are intended to indicate what is acceptable, rather than to prescribe 
definitely what shall be used. 



Fig. 24-3. Typical Arrangement for Determination of Carbon by the Direct-Combustion 
Method: A, mercury valve; B, bottle containing concentrated H 2 SO. t ; C, tower, with goose- 
neck top, containing CaCl 2 ; D, tower containing stick NaOH; E, electric furnace with com- 
bustion tube and adapters; F, bottle containing KMnO.j (50 g. per I.), inserted only for 
steels with over 0.05% sulfur; G, tower containing granulated zinc; H, bottle containing 
concentrated H 2 S0 4 ; /, tower containing P 2 O r> ; J, weighed tower containing a 20- to 30- 
mesh inert base impregnated with NaOH, for absorbing the C0 2 . 


Combustion Apparatus.— Any combustion apparatus (preferably heated by elec- 
tricity) that will heat the sample to a temperature of 1000“ to 1100°C. may be used 
for carbon steels and most low-alloy steels. Electric furnaces heated by silicon car- 
bide rods, giving temperatures up to 1400°C., are very useful for determining car- 
bon in refractory alloys. Combustion tubes may be of porcelain, sillimanite, clay, 
quartz, or platinum, and must be gastight. Quartz is liable to devitrification when 
used intermittently at temperatures above 1000°C., and may then become porous. 
Tubes 30 in. long and 1)4 in. I.D., and drawn out at one end, may be used con- 
veniently for the small Gooch crucibles of fused silica that are used in the determi- 
nation of graphite in cast iron. 

Catalyzers.— Though materials such as ironized asbestos, copper oxide, platinized 
quartz or asbestos, or platinum gauze are often put in the exit end of the combus- 
tion tube for the purpose of insuring complete combustion of carbon to CO„, it is 
questionable whether they are of any value, except to serve as baffles for holding- 
back finely divided solid metallic oxides and sulfur trioxide, since they soon become 
fouled. When such baffles are used, the fixed sulfur shall be burned out every 200 
determinations or oftener by drawing the exit end of the combustion tube into the 
hot zone, while a current of air or oxygen is passed through it. When carbon de- 
terminations are being made on materials with high sulfur contents, baffles should 
not be used in the exit end of the tube, but a special S0 2 absorber or purifier 
should be placed between the tube and the CO., absorber. 1 

Boats and Covers.-The boats and covers may be of alundum, clay, zirkite, nickel 
or platinum, and should preferably receive a lining of granular alundum or other 
material found to be suitable for the purpose. Nickel boats shall be made of 
sheet nickel containing under 0.10% of carbon. Before use, new boats and covers 
shall always be preheated in oxygen until no more CO„ is given off, or until a 
constant blank is obtained. In order to prevent injury to“the tube from spattering 
a platinum or nickel cover, open at both ends, and allowing free access of oxygen 
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Material for Lining Boats.— Granular alundum,* 7 aJkali-free, 60-mesh or finer 
specially prepared for carbon determinations, is entirely satisfactory for the lining 
of boats. Ignited low-silica chrome ore, or zirkite (natural oxide of zirconium) 
properly sized and freed from materials causing a blank may be employed. Ferric 
oxide is recommended as permitting combustion of carbon steels at low temper- 
atures (800* to 900°C.), but is not recommended for high temperatures. Quartz 
sand is objectionable, owing to its liability to fuse or to slag with oxides of iron 
causing bubbles of gas to be enclosed. 

Absorbing Bulbs.— No special types of absorbing bulbs are recommended, ah 
though the Fleming, Miller, Turner, and the Midvale (sometimes called Stet 2 er and 
Norton) bulbs base proved satisfactoiy. When filled, the tubes shall not weigh 
over 200 g., and they shall always be weighed, filled with oxygen, against a like 
counterpoise. Open bulbs, such as the Midvale, lose oxygen by diffusion. They 
shall be filled with oxygen before weighing, when not in continuous use, and the 
same time interval shall be held between weighings. 

Oxygen Purifiers.— The purity of the oxygen shall be not less than 99.5%. Or- 
ganic matter of any kind is an undesirable impurity. It is usually absent, and it 
suffices to pass the oxygen through an absorbent such as a 2Q- to 30-mesh inert base 
impregnated with NaOH, followed by anhydrous Mg(C10 4 ) 2 . If carbonaceous 
matter is suspected, the oxygen shall be passed through a tube that is loosely 
packed with copper oxide and heated to about 450 B C. before it is passed through 
the NaOH-impregnated material. 

Carbon Dioxide Purifiers.— The purifiers that follow the combustion tube must 
remove finely divided solid metallic oxides and oxides of sulfur or selenium, dry 
the gases before they enter the weighed C0 2 absorber, and protect the absorber 
from outside effects. Finely divided solid metallic oxides are removed from the 
gases during their passage through the liquids or columns of solids that precede 
the weighed absorber. The small amounts of S0 2 that are given off from materials 
low in sulfur may be satisfactorily removed by H 2 S0 4 that has been saturated with 
chromic acid. Materials with high sulfur contents need other absorbents such as 
chromic acid (500 g. per liter) or KMn0 4 (50 g. per liter), followed by suitable 
desiccants, or heated platinized silica gel, that will convert the S0 2 to S0 3 . The 
•S0 3 that is so formed is not removed hy any one absorbent, but is coudensed and 
absorbed during its passage through the liquids or columns of solids in the train. 
An asbestos or glass-wool filter should be used after such absorbents as the chromic 
acid solution to prevent the spray from coming in contact with rubber connec- 
tions, thus causing high values to be obtained. A tube containing a mixture of 
ironized asbestos and anhydrous Mg(C10 4 ) 2 should be used after the platinized silica 
gel. The ironized asbestos should be prepared as follows: saturate 20 g. of long- 
fiber asbestos with a saturated solution of Fe (N0 3 ) 3 , dry, and ignite at 1000°C. 

Carbon Dioxide Absorbents.— The most desirable absorbent far C0 2 is 20- to 
30-mesh inert base impregnated with NaOH, followed by anhydrous Mg(C10 4 ) 2 at 
the exit end. The latter is needed to absorb the water that is formed during the 
reaction and is not held by the unused C0 2 absorbent. 

Procedure. Carbon and High-Silicon Steels Containing Under Q.Wo Sulfur.— 
After having properly set up and tested the apparatus, spread 1 to 5 g. of the sam- 
ple on the bed material in the boat so that the particles are in intimate contact. 

ir R. R. Alundum has been found satisfactory for this purpose. 

is In general, the sample shall be packed in a small groove or furrow that has oc 
made in the bedding material in the boat. If the material bums too rapidly, satisrac ry 
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Cover the sample with a suitable cover ancl introduce the boat into the hot com- 
bustion tube. Close the tube and allow the sample to heat for 1 to 2 min., 10 de- 
pending upon die size of the particles.' 10 Then admit oxygen 11 at a rate of 800 
to 1000° ml. per min. while combustion is going on. 22 Use a furnace temperature 
of 1100°C. or above. When combustion is complete (1.5 to 2 min.), reduce the 
rate of flow of oxygen to 400 to 500 ml. per min. and continue for 6 to 8 min. in 
order to sweep out the C0 2 . Withdraw the absorption tube filled with oxygen, 
place it in the balance case for 10 min., 23 open momentarily, and weigh against a 
similar tube used as a counterpoise. The increase in weight represents C0 2 . Re- 
move the boat from the tube and examine the fusion for evidences of incomplete 
combustion. If the drillings are not thoroughly fused in a solid pig, the determina- 
tion shall be rejected. 

Make a blank determination, following the same procedure and using the same 
amounts of all materials except the sample. Calculate the percentage of carbon as 
follows: 


Carbon, per cent 


(A - B) X 0.2729 
C 


X 100 


where /I = grams of CO 2 , 

B = correction for blank, in grams, and 
C = grams of sample used. 

High-Sulfur Steels.— Determine carbon in accordance with the procedure de- 
scribed above, but insert a special S0 2 oxidant in the train consisting of a tube of 
platinized silica gel heated to 440°C., followed by a tube containing ironizecl as- 
bestos (see Figs. 24-2 and 24-3) and anhydrous Mg(C10 4 ) 2 . 

Alloy Steels.— Determine carbon in accordance with the procedure described in 
the section on carbon and high-silicon steels, above. Although most of the low- 
alloy steels burn perfectly at 1100°C. without the addition of an accelerator, many 
alloy steels require an accelerator to obtain complete combustion at this temper- 
ature. If a steel burns with difficulty, either place a small (% in.) pellet of tin on 


regulation of the speed of combustion may sometimes be obtained by spreading the 
sample somewhat loosely over the bedding material or by covering with a thin layer of 
the bedding material or, preferably, ignited CuO. 

19 If the sample is allowed to come to the temperature of the furnace before the oxygen 
is admitted, it usually bursts into a bright flame and burns completely. A period of l 
to 2 min. of preheating suffices. 

20 The finer the chips (excluding dust, which causes low values on a hot boat) the better, 
except with alloys that burn too vigorously. Drillings or millings sized between 11 and 
CO mesh are satisfactory. 

21 “Hospital grade” oxygen is preferred for this purpose. 

22 The rate at which oxygen is admitted is also a factor in the velocity of combustion. 
Assuming the combustion apparatus has been heated to the temperature range above that 
recommended, it is possible, if the material is closely packed, and if oxygen is admitted at 
too rapid a rate, that the combustion may be so violent as to cause excessive spattering 
of fused oxides and such fluidity of the molten slag that the boat or other container may 
be injured or destroyed. Sufficient oxygen, however, shall be run in to insure a current of 
gas through the absorber at all stages of the combustion. When tin is employed as an 
accelerator, combustion is very rapid and it is, therefore, necessary to increase the flow of 
oxygen during combustion. 

23 The tube will warm up when C0 2 is absorbed. It is not necessary to wait until it 
leaches room temperature if it is in continuous use, provided the same time interval is 
maintained, and approximately the same amount of CO., is absorbed. 
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each end of the sample (or spread I g. of tin millings over the sample) or mh 
with 1 to 2 g. of 40-mesh millings of open-hearth iron, and proceed as usual. 2 * 

With high-chromium, high-nickel steels (18 ( % chromium, 8% nickel; 20% chro- 
mium, 20% nickel; etc.), the principal sources of error in carbon determinations 
are: (1) combustion at too low temperatures; and (2) omission of, or faulty correc- 
tions for, blank determinations. Wore certain combustion of all carbon is obtained 
if a temperature of I250*C. or higher is employed and tin or open-hearth iron is 
used as an accelerator. Preheating is necessary, 18 and burning at higher pressures 
of oxygen seems advantageous; that is, a sufficiently rapid stream of oxygen should 
be maintained during the burning so that it is bubbling freely at the exit end of 
the train. After the burning is completed, continue the flow of oxygen for 6 to 8 
min. in order to sweep out the C0 2 . If sulfur exceeds 0.06%, special precautions 
shall he taken to eliminate oxides of sulfur. Steels containing boron require a 
higher temperature than 1100® to 1J50®C., if tin is used as the accelerator. This 
temperature is satisfactory if pure iron is used as the flux. 

Selenium Steels.— Determine carbon as described for high-sulfur steels aboie. 

Pig Iron, Cast Iron, and Malleable Iron.— Determine carbon in accordance with 
the procedure described for carbon and high-silicon steels, using 1 g. of the 
sample. Special care shall be used in obtaining a representative sample (see 
Sections b, c and d above, on sampling). Precautions for sulfur are of no particu- 
lar moment for cast iron, except, of course, for continuous combustions of iron 
containing more than 0.10% of sulfur. 

Procedure for Alloy Cast Iron.— Determine carbon in accordance with the pro- 
cedure described for carbon and high-silicon steels. High-silicon and most alloy 
cast irons require a temperature of at least 1100°C. for complete combustion. Ac- 
celerators (see ihe section on alloy steels) are desirable for high-chromium, high- 
nickel iron. 

Open-Hearth Iron and Wrought Iron.— Determine carbon in accordance with the 
procedure described for carbon and high-silicon steels, using 3 to 4 g. of die sample, 
and paying special attention to proper blank corrections. With very low-carbon 
material, as open-hearth iron, the use of small absorption tubes 25 tends to reduce 
errors caused by variations in temperature and humidity. 

Graphite in Cast Iron.— Transfer 1 to 3 g. of the sample to a 250-mt. beaker. 
Add 50 ml. of HNO a (3:5), cover, and heat on a steam bath for about 30 min-, 
while stirring occasionally. Add 1 to 2 ml. of HF and boil gently for 4 to 5 min. 
Collect the residue, conveniently by suction on ignited asbestos contained m a 
fused-silica Gooch crucible of such diameter as will fit in the combustion tube. 
Wash thoroughly with hot water, hot KOH (120 g. per liter), hot water, HCI (1:20), 

2 * Red lead, copper oxide, lead, ami powdered copper aic also used as accelerators. 
Red lead to be used for this purpose should first be heated in an atmosphcie of oxygen 
in an open porcelain dish, with frequent stirring, at 500° to 550* C. for 15 to 24 hr., then 
cooled in a desiccator and transferred to a tightly stoppered bottle, preferably one wi 
a ground-glass stopper. When red lead is employed, the determination should be com- 
pleted promptly, in order not to expose the red lead to the atmosphere any longer Uian 
necessary, as it readily absorbs C0 2 from the air. With high-silicon alloys known to con- 
tain silicon carbide, it is necessary to use red lead only when the temperature ot 
furnace is approximately 1100°C. When a furnace temperature of 1350°C. or higher is 
used, all of the carbon can be obtained by mixing the sample with an equal weigw 
CuO and burning with the weight of ingot iron millings or drillings specified. 

23 Schwartz glass-stoppered, 10-cm., U-shaped absorption tubes containing a ^3f. 
sorbent such as inert base impregnated with NaOH, and anhydious MgfClO^, are 
factory for this purpose. 
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and hot water, in the order given. Dry the residue at a temperature not exceeding 
150°C., and determine the graphite by direct combustion at I000°C. in the ap- 
paratus used for the determination of total carbon. 

MANGANESE 

THE BISMUTHATE METHOD (ABSENCE OF COBALT) 

Apparatus. Filter.— A Gooch crucible or a fritted-glass or alundum filtering 
funnel of the Buchner type, of sufficiently fine porosity to prevent passage of bis- 
muthate particles.' 

Reagents, (a) Sodium Bismuthate.-The sodium bismuthate shall contain 
enough active oxygen to correspond to at least 75% NaBiO.,. Manganese and 
chlorides shall not exceed 0.005 and 0.001%, respectively. 

(b) Sulfurous Add.— Saturate water with SO... Prepare fresh as required. 

(c) Nitric Acid (3 ’.97). 

(d) Ferrous Ammonium Sulfate Solution.— Dissolve 12 g. of Fe^Hj^SO.jL 1 
6H..0 in cold H 2 S0 4 (1:19). 

(e) Standard Potassium Permanganate Solution (0.03 N). 

(f) Standard Sodium Arsenite Solution (1 ml. = 0.0007 g. Mn).— The solution is 
preferably standardized against a standard steel of approximately the same man- 
ganese content as the sample, except for open-hearth iron and wrought iron. For 
open-hearth iron and wrought iron, standardize as follows: dissolve 1 g. of electro- 
lytic or open-hearth iron of a known, low manganese content-* 5 in 30 ml. of HNO ; , 
(1:2). Add exactly 20 ml. of 0.03 A' KMnO.,, and 2 to 3 drops of H 2 SO ; ,, and boil 
to expel brown fumes. Remove from the source of heat, cool somewhat, add 
about 0.5 g. of NaBiO., (or an amount sufficient to effect either a pink color or a 
precipitate of Mn0 2 ), and boil for 2 to 3 min. Clear the solution of permanganic 
acid or Mn0 2 by the addition of a few drops of H 2 SO.,, and boil to expel brown 
fumes. Cool to 15°C. or lower, add 0.5 g. of NaBiO.,, and complete the standardiza- 
tion in accordance with Sections (a) and (e) of the Procedure. 

(g) Zinc Oxide Suspension.— Shake 50 g. of finely powdered ZnO vigorously with 
800 ml. of water. 

Procedure. 1. Carbon Steels.— (a) Dissolve 1 g. of the sample in 50 ml. of HNO., 
(1:3) and boil until brown fumes have been expelled. Remove from the heat, cool 
somewhat, add about 0.5 g. of NaBiO.,, and boil for 2 to 3 min. With high-carbon 
steels, about 1 g. of NaBiO.,, or an amount sufficient to effect either a pink color 
or a precipitate of Mn0 2 , shall be added. Clear the solution of permanganic 
acid or Mn0 2 by adding a few drops of H 2 S0 3 , and boil until brown fumes have 
been expelled. Cool to 15°C. or lower, add 0.5 g. of NaBiO., (or an amount equal 
to approximately 26 times die weight of manganese present, but not less than 0.5 
g.), and agitate for 1 min. Add 50 ml. of HN0 3 (3:97) and filter through a Gooch 
crucible or a fritted-glass or alundum filtering funnel of the Buchner type. Wash 
with HN0 3 (3:97) until the washings run through colorless. The filtrate must be 
clear and absolutely free of particles of bismuthate. Complete the determination in 
accordance with (b) to (d), or (e) and (/) below*. 

Ferrous Sulfate-Permanganate Titration.-(6) Add 2 ml. of H 3 PO. to the filtrate. 
Add enough ferrous ammonium sulfate solution from a buret to discharge com- 

thh puroose ° f Standards ' standard sam Ple No. 55 of ingot iron is satisfactory for 
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plctely the color of the permanganic acid, and then add 1 to 2 ml. in excess. Ti- 
trate with 0.03 N KMn0 4 to the appearance of a faint pink color. 

(c) Blank.— Make a blank determination, following the same procedure and using 
the same amounts of acid and bismuthate as were used with the sample. Finally, 
add die exact volume of ferrous ammonium sulfate solution that was used for the 
sample and titrate with 0.03 N KMn0 4 . 

(d) Calculation.— Calculate the percentage of manganese as follows: 


Manganese, per cent 


(d - B)C X 0.0110 
D 


X 100 


where A = milliliters of KMnO* solution required to titrate the blank, 

B = milliliters of KMnO< solution required to titrate the sample, 

C = normality of the K&JnOj solution, and 
D = grams of sample useO 

(e) Arscnite Titration.— After filtering off the bismuthate (Paragraph (a)), imme- 
diately titrate with sodium arseuite (1 ml. = 0.0007 g. Mu) to a clear greenish yel- 
low color that does not change upon addition of another drop of arscnite. 

(f) Calculation.— Calculate the percentage of manganese as follows: 

EF 

Manganese, per cent = X 100 

where E =■ milliliters of sodium arsenite solution required to titrate the sample, 

F = manganese equivalent of the sodium arscnite solution, in grams per milliliter, 
and 

D >= grams of sample used. 

2. Alloy Steels .—' With steels containing nickel, molybdenum, and less than 1% 
of chromium, determine manganese as described in Section 1 above, although it is 
preferable in the most accurate work to remote chromium if it is present as an 
essential constituent of the steel (over 0.50% chromium). This may be done by 
the bicarbonate separation described in Section 3(a). 

3. Chromium-Vanadium, Stainless, and Similar Steels, (a) Bicarbonate Separa- 
tion.— Transfer 1 g. of the sample to a 300-ml. Erlenmeyer flask, add 20 ml. of 
H 2 S0 4 (1:9), cover, and heat gently. When’ action is complete, dilute to 100 ml. 
with boiling water. Add NaHCO s (80 g- per liter) from a buret until a perma- 
nent precipitate is formed (approximately 36 ml.) and then 4 ml. more. For high- 
chromium (18%) steel use a 12- to 15-ml. excess. Cover the flask, boil for 1 min., 
and let the precipitate settle. Filter rapidly, conveniently through a cone and 
paper containing a little paper pulp, wash the flask, and precipitate four or five 
times with hot water .- 7 If the precipitation lias been properly performed, there 
will be no more precipitate than can be conveniently handled on an Il-cni. paper. 
The filtrate will become cloudy in the funnel stem and in the receiving ' css t e ’ 
owing to oxidation and hydrolysis. Heat die filtrate to boiling and oxidize with 

27 The bicarbonate piecipitate does not ordiiiaiily contain moie than small J 
(about 0.01%) of manganese. In very accurate work this should be recovered by 
ferring the precipitate to a beaker, dissolving it in aqua regia, fuming with hu# 

then carefully adding Na 2 0. in excess and boiling. Chioinium and vanadium aic ^ 
sepai at ed from manganese and non. which should be filleted oil. dissolved in o « • ^ 
HN0 3 (1:1), and added to the filtrate fiom the bicarbonate piecipitation. -V r 
H 2 SO 3 added to the HNO 3 aids in the solution of the Mn 02 - 
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simll portions of HN0 3> adding a total of 12 ml. Evaporate to about 50 ml. Add 
about 0 5 - of NaBiOg and boil 2 to 3 min. Clear the soution by adding a few 
drops of HoS 0 3 , boil, and complete the determination as described m Section 1 

ab °b) e Zinc Oxide Separation.-Alternatively, the zinc oxide separation of chromium 
and manganese may be used in place of the bicarbonate separation Transfer 1 
o- of the sample to a 400-ml. beaker, add 25 ml. of HNO s (1:3), and heat gently. 
If the alloy is not attacked by HN0 3 , dissolve in 25 ml. of H 2 S0 4 (1:5) and oxidize 
with 2 to 5 ml. of HN0 3 . When the sample is dissolved, dilute to 200 ml., nearly 
neutralize with NH^OH, and then add 5-ml. portions of the ZnO suspension until 
the iron is precipitated and a slight excess of ZnO is present. Shake thoroughly 
after each addition of ZnO. When sufficient ZnO has been added, further addi- 
tion of the reagent causes the brown precipitate to appear lighter in color. A 
sufficient excess of ZnO is also indicated by a slightly white and milky supernatant 
liquid. Allow the precipitate to settle, filter through a rapid filter paper, and 
wash well with cold water. The ZnO precipitate will retain small amounts of 
manganese (about 0.01%). Add 12 ml. of HNO„ to the filtrate and evaporate to 
about 50 ml. Add about 0.5 g. of NaBi0 3 , and boil 2 to 3 min. Clear die solution 
by adding a suitable reducing agent, boil, and complete the determination as de- 
scribed in Section 1. 

4. Cast Iron and High-Silicon Steels.— Transfer 1 g. of the sample to a 125- or 
150-ml. Erlenmeyer flask, add 25 ml. of HN0 3 (1:3), heat, and boil 2 to 3 min. 
after action ceases. Cool, filter, and wash the flask and paper with 25 ml. of HNO :$ 
(1:3). Wash the paper a few more times with hot water, and then complete the 
determination as described in Section 1, including the preliminary oxidation and 
boiling with NaBi0 3 . 


5. Open-Hearth Iron and Wrought Iron.— Determine manganese in accordance 
widi die procedure described in Section 1, using 2 to 3 g. of the sample and dis- 
solving in 100 ml. of HN0 3 (1:3). It is advisable, before filtering the soludon 
through a Gooch crucible (Section 1 (a)), to treat the asbestos pad with a weak 
solution of KMn0 4 and then to wash it free of KMnQ., with HNO s (3:97). Very 
low-manganese irons shall not be filtered through pads used previously for higher- 
manganese alloys. 


THE PERSULFATE METHOD (PRESENCE OF COBALT) 
Apparatus: Potentiomet) ic Titration. -* — The essential parts of a fiotentiometer 
are shown in Fig. 24-4. The battery, B, produces a potential drop across the re- 
sistance wire, R, which will be uniform along the length, because the wire is of 
uniform resistance. To determine the actual magnitude of this potential drop 
connect a standard cell between the terminals of the electrodes E x and in such 
a way as to furnish a back e.m.f. Adjust the slide S until the galvanometer shows 
no current flowing. The potential drop between a and S, produced by B, will then 
be equal to that of the standard cell. Measure the length aS and the total length 
of the wire and calculate the total potential drop by proportion. ° 


h" A F ° r H Urth u V Ji nf ° rm ^-° n ’ - See 1 o e folkwin g references: Kolthoff, I. M„ and Laitinen 
H. A., pH and Electro Titrations, 2nd Ed., lohn Wilev and Sons Tnr at , v , ,55”* 

Kolthoff, I. M„ and Furman, N. H„ Potemdn etri c xlLtffins %nd Ed’ ffihn Wd ’ 194I { 
Sons, Inc., New York, 1931; Muller, R. H„ Instrumental Method J r. J - ) Vl ' e >' 

Ind. Eng. Chem., Anal. Ed., 13, 722-727 194X Furman N H Pr,t • Analysis, 

A RuviA ,vi,h Bibliography, ’chem.. aST^M 

Potentiometric Titrations, Anal. Chem., 28, 671-678, 1956. Relll y» c - N -» 



GG2 ALLOYS: IRON AND STEEL 

In actual practice it is convenient to have a permanent calibration of ih, , 
sistance scale in terms of millivolts. Changes in potential of the batterv B t,- k 
would otherwise alter this calibration, are compensated for by variation 'of T 



Fic. 24-4. Diagram of the Essen- 
tial Parts of a Potentiometer: li, 
voltaic source, R, uniform lcsist- 
ance wiie; S, slide contact; G, gal- 
vanometer; E, electrodes; C, cali- 
bration adjustment. 



Fic. 24-5. Mcrcmous Chloride 
(Calomel) Half Cell for Po- 
tenliomctric Titration. 


calibration adjustment C. By changing the resistance at C, the total potential 
drop across R can be altered, within limits, to the pre-established value. 

here are available commercially many fine potentiomctric instruments that are 
accurate and convenient to operate. Most of these have sensitive vacuum tube 
a . m P ‘7 ,ng c * rcu * ts » contain a standardizing cell, and arc calibrated to read poten- 
tia s trcctly. The most common indicator electrode for oxidation-reduction meas- 
urements is bright platinum. The reference electrode most commonly used is the 
saturated calomel electrode. This calomel electrode may be either the commercial, 
pencil-type unit that is immersed directly in the solution, or may be an external 
cell contacting the solution by means of an agar-agar salt bridge or a salt solution 
n ge. An example of the latter is shown in Fig. 24-5. Many other types of elec- 
cxample* 1 ^ e ^ ectro ^ e P a * rs may be emplojed, the platinum-tungsten system for 

To measure the potential of a solution, electrodes E+ and E- of suitable na- 
ture are immersed in the solution. The slide S is adjusted to the null point 
as in i rated by the galvanometer, and the potential is read or is calculated from the 
measure ength aS, the total length of the wire, and the previously determined 
total potential drop along the wire. 

. conc ^ uct a potentiometric titration the electrodes are immersed in the solu- 
tion and the potential measured as described. A measured volume of titrant is 
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-idded from the buret, the solution is stirred, and the potential measured. An- 
other measured volume of titrant is added, the solution is stirred, and t he potential 
measured. This process is repeated until the reaction has been carried sligl y 
yond completion. It is characteristic of an oxidation-reduction titration t la 
greatest rate of change of potential occurs at equivalence point. Tins point can 
be readily identified by examining or plotting the data; it corresponds to the end 
point. In many cases it is necessary only to add titrant dropwise as the end point 
is approached and stop the titration when one drop is observed to produce a large 
change of potential. 

Reagents, (a) Mixed Acids.-Add 100 ml. of H 2 S0 4 to 525 ml. of water slowly, 
while stirring. Cool, and add 125 ml. of H 3 P0 4 and 250 ml. of HN0 3 . 

(b) Silver Nitrate Solution (8 g. per liter). 

(c) Ammonium Persulfate Solution (250 g. per liter).-The solution must not be 
kept longer than 12 hr. If the salt is of less than 95% strength, the necessary equiv- 
alent must be used. 


(d) Standard Sodium Arsenite Solution (1 ml. = 0.0007 g. Mn).— The titration 
of permanganic acid with sodium arsenite by either the visual or potentiometric 
method is empirical. It is, therefore, necessary to standardize the arsenite solution 
against a like weight of a standard steel that has approximately the same man- 
ganese and chromium content as the sample being analyzed, and has been treated 
in exactly the same manner, except for open-hearth iron and wrought iron. For 
open-hearth iron and wrought iron, standardize as follows: Dissolve 1 g. of electro- 
lytic or open-hearth iron of a known, low manganese content in 30 ml. of the 
mixed acids. Heat until solution is complete, and boil to expel brown fumes. 
Dilute to 100 ml. with hot water, add exactly 20 ml. of 0.03 N KMiiO.,, and then 
add just enough H 2 S0 3 to reduce the KMn0 4 . Boil again to expel brown fumes. 
Add 10 ml. of AgN0 3 (S g. per liter) and 10 ml. of (NH 4 ) 2 S 2 O s (250 g. per liter). 
Heat to boiling and boil briskly for 60 to 90 sec. Complete the standardiza- 
tion in accordance with the procedure described in Section 1 (5) and (c) or ( b ) 
and (d). 

Procedure. 1. Carbon Steels.-(a) Transfer 1 g. of the sample for a steel con- 
taining 1% or less of manganese, or 0.5 g. of the sample for a steel of higher man- 
ganese content, to a 500-ml. Erlenmeyer flask, and add 30 ml. of the mixed acids. 
Heat until solution is complete, and boil until brown fumes have been expelled. 
Add 100 ml. of hot water, 10 ml. of AgNO a (8 g. per liter), and 10 ml. of (NH^SoOg 
(250 g. per liter). Heat to boiling and boil briskly for 60 to 90 sec. 

(b) Add 75 ml. of water to the solution, cool to 30°C. or lower, and titrate as de- 
scribed in Paragraph ( c ) or (d). 


(c) Visual Titration.— Titrate rapidly with sodium arsenite (1 ml. = 0.0007 °\ 
Mn) to a clear yellow end point that does not change upon the addition of more 
arsenite. If the solution is not titrated rapidly with arsenite, part of the man 

ganese may be reoxidized by the (NH 4 ) 2 S 2 O s during die titration and thus yield 
high results. 1 


(d) Potentiometric Tiu-ation.^-Cool the solution to 15°C. and titrate rmidlv 
with sodium arsenite (1 ml. = 0.00007 g. Mn). To titrate, bring the needle (or 


29 While the potentiometric titration offers no particular arlvinf.™ 
method for steels containing less than 1 of manganese ir ic r i-,; f , ovei 1 le visua * 
ducible end points can be obtained potentiometrically with steels m °' C repro ' 

tent. The apparatus consists essentially of 
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light-beam) on the scale, and then add the sodium arsenite solution. As the end 
point is approached (rapid fading of the pink color) the indicator will remain sta- 
tionary, or move very slowly. Continue the addition of die arsenite drop by drop 
until a sharp break of 4 to 5 scale divisions is obtained. 

(e) Calculation.— Calculate the percentage of manganese as follows: 


where A — milliliters of sodium arsenite solution required to titrate the sample, 

B — manganese equivalent of the sodium arsenite solution, in grams per milliliter, 
and 

C = grams of sample used. 

2. Nickel, Chromium-Nickel, Chromium-Vanadium, and Chromium-Vanadium- 
Molybdenum Steels.'- Determine manganese in accordance with the procedure de- 
scribed in Section 1. 

3. Chromium Steels Containing Over ■/% Chromium.— Separate die greater part 
of the chromium by the bicarbonate separation described in Section 3 (a) above, 
using a 6-ml. excess of NaHC0 3 (80 g. per liter) for high-chromium (18%) steels. 
Add 30 ml. of the mixed acids to the filtrate, evaporate to 125 ml., and complete 
the determination as described in Section 1. With high-carbon (0.8%), high-chro- 
mium, chromium-molybdenum steel, test the bicarbonate precipitate for man- 
ganese. 

4. Chromium-Tungsten Steels.— {a) To 0.5 g. of the sample, add 50 ml. of H 2 S0 4 
(1:9) and 3 ml. of H 3 P0 4 . Heat until all action ceases. Add 40 ml. of water and 
5 ml. of HNO a ; boil until the carbides have dissolved, and complete die determi 
nation as desciibcd in Section I. 

(5) With chromium-tungsten steels, the arsenite solution is preferably standard- 
ized on a steel of similar type of known manganese content. Tungsten steels with 
high carbon (0.8%) and high-chromium (4.0%) contents may not be completely 
decomposed by the H 2 S0 4 -H 3 P0 4 attack. In this case, dissolve the sample with 10 
ml of a mixture of equal parts of HC1 and HN0 3 and 4 to 5 drops of HF. Wren 
action ceases, add 4 ml. of HCI0 4 and evaporate just to dryness. Cool, add 5 ml. 
of H 2 S0 4 , and fume until HC10 4 is expelled. Cool, add 50 ml. of water and 5 ml. 
of H 3 P0 4 , dilute to 100 ml., and heat until salts dissolve. If Mn0 2 appeals, dis- 
solve it with a few drops of H 2 S0 3 . Complete the determination as described in 
Section I. 

5. Cast Iron and High-Silicon Steels.— Add 30 ml. of water and 30 ml. of die 
mixed acids to the sample and dissolve as directed in Section I (a). Dilute to 75 
ml., filter through a rapid paper, wash with hot water, dilute to 125 ml., and com- 
plete the determination as described in Section 1. 

potentiometric unit. In the Larrabcc apparatus the electrodes consist of gold and 
platinum rods with small vanes at the bottom. In the Kelley apparatus platinum ana 
calomel electrodes are used: it is desirable to insert a salt bridge (Na^SO*) solution 
tween the calomel electrode and the titrating solution in this apparatus. 
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THE PERIODATE (PHOTOMETRIC) METHOD (E30-60T) (FOR 
ALLOYS CONTAINING NOT MORE TPIAN 5% MANGANESE) 

Principle of Method .- Manganous ions in the sample solution are oxidized to 
permanganate ions by treatment with peiiodate. 

Concentration Range.-The recommended concentration range is from 0.2 to 
0.8 mg', of manganese in 50 ml. of solution, using a cell depth of 1 cm. (Note 1) 
and a spectrophotometer with a band width of 10 nifi or less. 

Note 1.— This procedure has been written for cells having a 1-cm. light path anil a 
“narrow-band” instrument. The concentration range depends upon band width and 
spectral region used as well as cell depth; calibration data should cover the range of 20 
to at least 70% transmittance. 

Stability of Color— The color is stable for at least 24 hr. 

Interfering Elements — The elements ordinarily present in steel do not inter- 
fere. Perchloric acid ueatment, which is recommended in the procedure, yields 
solutions which are highly colored due to the presence of chromate ions. Although 
these ions and other colored ions in the sample solution undergo no further change 
in spectral quality upon treatment with periodate, the following precautions must 
be observed when filter photometers are used: select a filter with maximum trans- 
mittance between 545 and 565 m/t; the filter must transmit not more than 5% of 
its maximum at a wavelength shorter than 530 mft; the bandwidth of the filter 
should be less than 30 m/t when measured at 50% of its maximum transmittance. 
Similar restrictions apply with respect to the wavelength region employed when 
other “wide-band” instruments are used. 

The spectral transmittance curve of permanganate ions exhibits two useful 
minima, one at approximately 526 m/i, and the other at 545 m/i (Note 2). The 
latter is recommended when a “narrow-band” spectrophotometer is used. 

Note 2 —Determine the exact location of the minimum for each spectrophotometer by 
obtaining spectral transmittance data in this spectral region and thus compensate for 
characteristics that are related to the instrument. 


Apparatus. Volumetric Flasks.-These should be of borosilicate glass, glass- 
stoppered, 50- and 100-ml. capacity. 

Reagents, (a) Standard Manganese Solution (1 ml. = 0.032 mg. Mn).— Dissolve 
0.4000 g. of high-purity manganese (containing not less than 99.7% Mn) in 20 ml. 
of HN0 3 by heating, cool, and dilute to 500 ml. in a volumetric flask. Transfer 
20 ml. of this solution to a 500-ml. volumetric flask, dilute to the mark, and mix 

(b) Potassium Periodate Solution.-Dissolve 7.5 g. of KIO, in 200 ml. of hot 
HN0 3 (1:1), add 400 ml. of H 3 PO. t , cool, and dilute to 1 liter. 


(c) Nitric-Phosphoric Acid Mixture.-To 400 ml. of water, add 100 ml. of HNO 

and 400 ml. of H 3 P0 4 , and dilute to 1 liter. 3 

(d) Sodium Nitrite Solution (20 g. per liter) .-Dissolve 2 g. of NaNO. in w-,mr 

and dilute to 100 ml. (This solution is sufficiently stable for use over a 94 hr 
period.) -i-m. 

Preparation of C«Ii6ra,io„ Curve, (a) Calibration Sol„tions.-By mean, of 
p.pets transfer a 10, la, 20, and 25 ml. of manganese solution (1 ml L 0 0s" n,° 
Mn) to 50-ml. volumetric flasks, dilute to 25 ml., if necessary and add in , N 
KIO solution. (Prepare a duplicate or triplicate at each 2 o mitanesef ' 

(b) Reference Solutmn.-Prepare a reference solution in snli 1 . 

flask by adding 10 ml. of HN0 3 -H 3 PO. t mixture to 25 ml. of water metnc 
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(c) Color Development.— Heat the solutions at not Jess than 90°C. for 20 to 3o 
mitt. Cool, dilute to volume, and mix. 

(d) Photometry.— Fill the two 1-cm. cells with the reference solution and meas- 
ure the transmittance at 545 mu', convert to absorbance, and record as tlie cell 
correction. Empty the test cell, rinse thoroughly with the test solution, and meas- 
ure the transmittance, or the absorbance, of eacli test solution. 

(e) Calibration Curve.— Apply the cell correction to each absorbance value, and 
calculate die average absorbance value at each level of manganese. Calculate the 
ratio of milligrams of manganese to absorbancy at each level of manganese. U 
the ratios are constant within experimental error, calculate the average value of 
the ratios to find the factor to apply to convert absorbance to milligrams of man- 
ganese. If the ratios are not constant (Note 3), or if for other reasons it is de- 
sirable, plot the values obtained against milligrams of manganese per 50 ml. of 
solution. 

S Note 3.— The ratios may not be constant when "wide-hand” instruments arc used. Ex- 
treme deviation from linearity may indicate the need for additional values. These may 
be obtained by appropriate dilution of the standard manganese solution before taking ad- 
ditional aliquots. 

Procedure. 1. Manganese Steels Containing Less Than 0.5 % Tungsten, (a) 
Sample Solution.— Transfer the sample (Note 4), not exceeding 0.80 g., to a 100-ml. 
volumetric flask (Note 5). Add 8 to 10 ml. of HC1 (1:1) and heat until the sample 
is decomposed. Add 3 to 4 ml. of HNO s and 10 ml. of HC10 4 . Fume to oxidize 
chromium and to expel HC1. Cool, add 50 ml. of water, and, if necessary, digest 
to dissolve the salts. Cool, dilute to volume, and mix. Allow insoluble matter to 
settle, or dry-filter before taking aliquots (Note 5). 

Note 1.— The following sample size guide is based on the factor, ratio of milligrams of 
manganese to absorbance: 


Mn, per cent 

Sample, g. 
per 100 ml.* 

Aliquot, 

ml. 

0.1 to 0.5 

0.7 F 

20 

0.45 to 1.0 

0.35 F 

20 

0.85 to 2.0 ... 

0A7F 

20 

2.0 to 5.0 

0.17 F 

10 


* Round to two significant figures. 

Note 5.— If the sample contains much silicon, a deposit of silicic add will cling to the 
walls of the flask. Hence, it may be desirable to dissolve the samples and fume wit 
HCIO^ in an Erlenmeyer flask., and then transfer the solution to the volumetnc Has * 
However, the deposit of silicic acid can be removed easily by means of NH 4 OH. 

(b) Reference Solution.— Transfer identical aliquots (Note 6) to each of two 
50-ml. volumetric flasks; prepare one as a reference solution by adding 10 m - 0 
HN0 3 *H 3 P0 4 mixture. 

Note 6 —The following procedure may be used for the preparation of the Ie {k r * l ?2j 
solution in the analysis of steels that do not contain tungsten: after filling the ce 
the test solution, add NaNO a solution dropwise to the solution remaining in the ' om “: de d 
flask, while mixing the solution thoroughly, until one drop in excess has been pm 
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be postponed ulldu" ,o the fact that reoxidation of manganese occnrs on stand, ng.) 
(c) Test Solution.-To the other aliquot (Paragraph (b)) add 10 ml. of KI0 4 

S °(d) Photometry— Proceed with development of color and photometry in the 
same manner as for the preparation of the calibration curve. (If percentage trans- 
mittance is less than 20, rerun using a smaller sample.) 

(e) Calculation.— Apply tire cell correction and calculate the percentage of man- 
ganese as follows (Note 7): 


Manganese, per cent = 


AFV i 


VnW y 10 


where A = corrected absorbance, 

F = factor, ratio of milligrams of manganese to absorbance, 
V\ = dilution of sample solution in milliliters, 

Fo = aliquot of sample solution in milliliters, and 
W = grams of sample used. 


Note 7.— If a calibration curve is used, read the value for milligrams of manganese 
corresponding to the absorbance from die curve. Substitute this value for AF in the 
equation. 

2. Tungsten Steels, (a) Sample Solution.— Transfer the sample (Note 4), not ex- 
ceeding 0.80 g., to a 100-ml. volumetric flask (Note 5). Add 8 to 10 ml. of PI ;i P0 4 , 
10 ml. of HC10 4 , 5 to 6 ml. of PI 2 S0 4 (1:1), and 3 to 4 ml. of HNO a . Pleat mod- 
erately until the sample is decomposed, then heat to copious white fumes and con- 
tinue for 10 to 12 min. (Note 8), or until the chromium is oxidized. Cool, add 
50 ml. of water, and digest, if necessary, to dissolve the salts. Cool, dilute to 
volume, and mix. Allow insoluble matter to settle, or dry-filter before taking ali- 
quots (Note 5). 

Note 8.— Excessive heating should be avoided because it will expel the HC10 4 before 
complete oxidation of the chromium has been accomplished. 

(b) Proceed according to Section 1 (b), (c), (d), and (e). 


PHOSPHORUS 

THE MOLYBDATE-MAGNESIA METHOD 

Reagents, (a) Potassium Permanganate Solution (25 g. per liter). 

(b) Ammonium Molybdate Solution (Ammoniacal). -Transfer to an 800-mi 
beaker 65 g. of ammonium heptamolybdate ((NHA-Mo-O,. -4H.,CA 99 x a n f 
NH 4 N0 3 , 15 ml. of NH 4 OPI, and 600 ml. of water. Stir and heat gently. When 
the crystals have dissolved, filter (without washing), and dilute to 1 liter with water 

(c) Magnesia Mixture.-Dissolve 130 g. of MgSO,-7H.,0 and 75 «• of fNFT \ en' 

m 500 ml. of water. Add NH,OH in slight excesAnd let stand oAniih. ^uS- 
if a pi ecipitate. appears. Make just acid by adding a very slight excess°of PI SO 
dilute to 1 liter, and keep in a glass-stooperecPbottle. ~ 1 ’ 

NH% m “°"o" m NittMe WaSh Solution - Disso1 '" 50 S- of NH 4 NO a in 1 liter of 
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(e) Ferrous Sulfate Solution.— Dissolve 100 g. of FeS0 4 *7H 0 0 in 1 liter of 
H 2 S0 4 (5:95). 

Procedure. 1. Carbon Steels.— (a) Transfer 3 g. of the sample 30 to a 300 ml 
Erlenmeyer flask, dissolve the sample in 125 ml. of HNO s (1:3), oxidize the or- 
ganic matter by adding 10 ml. of KMn0 4 (25 g. per liter), and boil for 3 to 5 min 
If no precipitate forms, add more KMn0 4 and boil again. Dissolve the precipi- 
tate by the addition of HJ»0 3 drop by drop, and boil for a few minutes to expel 
oxides of nitrogen. Cool to about 7j # C., and add 83 ml. of amnioniac.il am- 
monium molybdate solution. Stopper the flask, shake for 10 min., and allow io 
stand for 2 hr. or more. Filter through a close-texture paper. Wash the flask, 
precipitate, and paper six to eight times with cold HNO., (2:98). 

( b ) Set the filtrate and washings aside after thorough mixing, and note whether 
further separation of phosphomolybdate occurs. Dissolve the precipitate on the 
filter and in the flask in a mixture of 20 nil. of NH 4 OH (1:1) and 2 g. of citric 
acid, catching the solution in a 230-ml. beaker. Wash the filter several times with 
NH 4 OH (1:20), then with hot water, and finally several times with HCl (1:20). 
If the ammoniaca! solution of the phosphomolybdate is not clear at this point, 
heat it to boiling and filter through the same paper. Wash the paper with hot 
water, ignite in a small platinum crucible, and fuse any residue with as little 
Na 2 C0 3 as possible (not o\er 0.5 g.). Extract the cooled melt with hot water, 
cool, filter, and add the water solution to the ammoniaca! solution. 

(r) Acidify the combined solutions with HCI, add 20 ml. of magnesia mixture, 
cool in ice water, and then add NH 4 OH slowly until the solution is just ammoni- 
acal. Stir vigorously for 5 min. or until a crystalline precipitate appears, 31 and 
add 5 to 10 ml. of NH 4 OH. The volume of the solution at this point should not 
exceed 100 ml. Allow the solution to stand in a cool place for 4 to 6 hr. or, 
preferably, overnight. Filter and wash the piecipitatc moderately with NH 4 OH 
(l:20). 

(d) Dissolve the precipitate on the filter in 20 ml. of HCl (1:1), catching the 
solution in the original beaker. Wash the filter thoroughly with warm HCl (1:1). 
Add 0.5 to 1 g. of NH 4 Br a-’ and gently boil the solution to a volume of 5 to 10 ml. 
(but not to dryness) to eliminate arsenic. Dilute to 50 to 75 ml., add 0.1 to 0.2 g. 
of citric acid and 2 to 3 ml. of magnesia mixture, and cool in ice water. Make 
ammoniaca!, stir as before, and allow to stand in a cool place for 4 to 24 hr. 

(e) Filter, and wash with NH 4 NO a wash solution. Ignite the precipitate in a 
platinum crucible, carefully and at as low a temperature as possible, until the 
carbon has been destroyed and the residue is while. Finally, ignite to constant 
weight at 1000 to 1050°C. 

(/) Dissolve the ignited precipitate in 5 ml. or HNO a (1:1) and 20 ml. of water. 
If no residue remains, the ignited precipitate may be regarded as MgjPa^V If a 
residue remains, filter, wash with hot water, ignite, and weigh. Add a few drops 
of HF and 1 to 2 drops of H.,S0 4 (I: I). Evaporate to dryness, ignite at 1000° C., 
and weigh again. The loss in weight represents the correction for impurities. 

so If the phosphorus content is less than 005%, it is advantageous to Heat two or more 
3-g. samples as described, and combine the yellow precipitates either by filtering t ro g 
the same paper or by combining the precipitates after filtering on separate papers. 

If the amount of phosphorus is very small, it may take 30 min. to 1 hr. netor 
piecipitate begins to appear. . 

32 with a precipitation tcmpeiatuic of 23°C., aiscnic, when piesent in small amoun , 
is not piecipuaied and, therefoie, the neaiinent with NH 4 Br can be omitted. 
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(g) Calculation.— Calculate the percentage of phosphorus as follows: 


Phosphorus, per cent — 


(.4 - B) X 0.278 


X 100 


where A — grams of MgoPsOy (Paragraph 00), 

B = correction for impurities (Paragraph (/)), in grams, and 
C = grams of sample used. 


2. Nickel, Chromium-Nickel, Stainless, and Similar Alloy Steels Containing 
Neither Tungsten nor Vanadium.— (a) Determine phosphorus in accoidance with 
the procedure described in Section 1. 

(6) High-chromium steels (stainless), high-chromium, high-nickel steels (18% 
chromium, 8% nickel; 20% chromium, 20% nickel), and other steels in this group 
that do not dissolve in HNO a (1:3). shall be treated as follows: Transfer 3 g. of 
the sample to a 500-ml. Erlenmeyer flask, add 75 ml. of a mixture of equal parts 
of HC1 and HNO a , and heat gently. When decomposition is complete, add 20 ml. 
of HC10 4 , and evaporate to white fumes. Continue the heating for 5 min. to oxi- 
dize chromium and to dehydrate Si0 2 . Cool somewhat, add 40 ml. of water, and 
filter. Wash the flask, paper, and residue with 55 ml. of HN0 3 (3:5). Add 10 
ml. of KMn0 4 (25 g. per liter) to the filtrate, boil 3 to 5 min., add PI 2 S0 3 to de- 
stroy oxides of manganese and to reduce all of the chromium, and complete the 
determination as described in Section 1. 

3. Austenitic Manganese Steels ( Over 10% Manganese ).—' Transfer 3 g. of the 
sample to a 300-ml. Erlenmeyer flask, add 70 ml. of HNO. } (1:3), and digest until 
action ceases. Add 30 ml. of HCIO., and evaporate just to fumes. Add HF drop 
by drop until all of the SiO ;! is in solution, and then add an excess of 5 drops. 
Fume so Unit the HC10 4 refluxes on the sides of the flask for 25 to 30 min. Cool, 
and add 50 ml. of water and 10 ml. of HN0 3 . Add a few drops of KMn0 4 (25 g. 
per liter), and boil until oxides of manganese are precipitated. Dissolve the pre- 
cipitated manganese with H 2 S0 3 , and boil a few minutes to expel oxides of nitro- 
gen. Cool to about 75°C., precipitate with ammonium molybdate, and complete 
the determination as described in Section 1. 

4. Chromium-Vanadium Steels or Other Steels Containing Vanadium but No 

Tungsten.— (a) Proceed as described in Section 1 ( a ) until the" solution is ready for 
the addition of the molybdate reagent. At this point, cool to 10°C. and add 5 ml 
of FeSO, solution and 2 to 3 drops of H 2 S0 3 . Mix, add 85 ml. of ammonium 
molybdate solution, shake for 10 min., and allow to stand for 4 hr. or, preferably 
overnight. 1 ‘ 


(b) Filter and complete the determination as described in Section 1 
5. High-Speed Steels or Other Steels Containing Tungsten and Vanadium -(a) 
Decompose 3 g. of the sample in 125 ml. of HNO, (1:3), add 30 ml of HC1 ' -md 
evaporate to dryness. Dissolve the residue with 20 ml. of HC1 (1T1 dilute t’n ‘inn 
ml. with hot water, and filter off the tungstic acid. 33 V ’ 1UU 


33 This precipitate may contain a small amount of phosphorus and i i- • 

work, shall be treated as follows: Transfer the bulk of the preciointe tn standardlzatl °n 
la.sk with a jet of water, and then treat the paper with 25 ml of hot NH n hw J e, !f ne yer 
tabling 0.5 g. of citric acid. Catch the filtrate in the flask contain Ll ho 4 ( , 1;4) COn ' 
precipitate. Wash the paper with hot water then a few ril g \ 1 . emamder °f the 
holding the volume of the filtrate and washings to about K S- HC K (1;20 >’ 
solution m.h HCI, add 25 ml. of magnesia mixtme. and add abow' 10 SK 
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(6) Evaporate the filtrate twice with 20-ml. portions of HNO a to expel the HC] 
taking the second evaporation just to a sirup. Add 65 ml. of HN0 3 ( 1 : 3 ), and 
filter the solution if it is not entirely clear. Cool to 10° C. Add 5 ml. of FeSO 
solution and 2 to 3 drops of HgSOj. Mix, add 85 ml. of ammonium molybdate 
solution, shake for 10 min., and allow to stand for *1 hr. or, preferably, overnight 

(c) Filter and complete the determination as described in Section 1. 

6. Cast Iron and High-Silicon Steels.— (i i) Dissolve 2 to 3 g. of the sample in a 
covered casserole in 30 ml. of HNO s (1 : 1). When solution is complete, add 10 
ml. of HCI (1:1), evaporate to dryness, and bake for 15 to 20 min. on the hot plate. 

(b) Cool, drench the residue with HCI, dilute to 50 ml, with hot water, and 
warm until the salts are in solution. Filter without delay, wash with HCI (1:20), 
and evaporate the filtrate to sirupy consistency. 

(c) In the meantime, place the paper containing the graphite and silica in a 
platinum crucible, burn the caTbon in a good oxidizing atmosphere, cool, and add 
5 to 10 drops of HCI and 1 to 2 ml. of HF. Evaporate just to dryness, take up 
any residue 34 in 5 ml. of HCI, and add the solution to the main solution which 
is being evaporated. 

(d) When the solution is of sirupy consistency, transfer it to a 300 ml. Erlen- 
meyer flask by alternate washing with HN0 3 (1:1) and hot water, using about 
40 ml. of HNO a (1:1) and 70 ml. of hot water. Adjust the temperature of the 
solution to about 70* C., and add 100 ml. of ammonium molybdate solution. Shake 
for 10 min. and allow to stand for 4 to 6 hr. or, preferably, overnight. 

(c) Filter and complete the determination as described in Section 1. 

7. Open-Hearth Iron and Wrought Iron .— Determine phosphorus in accordance 
with the procedure described in Section 1. 

THE ALKALIMETRIC METHOD 

Reagents, (a) Potassium Permanganate Solution (25 g. per liter). 

(b) Ammonium Molybdate Solution (Ammoniacal). 

(c) Standard Sodium Hydroxide Solution (1 ml. = 0.0002 g. P, approximately 
0.15 N ).— Standardize against the National Bureau of Standards’ standard sample 
of add potassium phthafate, using the ratio 23 NaOH to 1 phosphorus. One 
milliliter of 1 N NaOH is equivalent to 0.00135 g. of phosphorus. Protect the 
NaOH solution from C0 2 by means of a soda-lime or soda-asbestos tube. 

(d) Standard Nitric Acid.— Dilute 10 ml. of clear HNO a to 1 liter with water 
and standardize against the standard NaOH solution, using phenolpluhalein as 
the indicator. If desired, the HNO a may be rendeied equivalent to die NaOH 
solution by dilution with water. 

(e) Phenolpluhalein Indicator.— Dissolve 0.2 g. of phenolphthalcin in 100 ml. of 
ethanol (50%). 


excess. Add a few glass beads, cool the solution in ice water, stopper the flask, and shake 
thoroughly for 1 hr. Allow to stand overnight at about 0 e C. Filter, and wash a few times 
with NH 4 OH (1;20). Dissolve the pietipitate in a little hot HNO 3 (1:3) and 3C, d 1 0 
the original solution in which phosphorus is to be determined, or determine the p»° • 
phorus separately by precipitating it with ammonium molybdate solution and utratii g 
with standard NaOH and HNO a (Section 1 under Alkalimetric Method below), inis 
covery usually amounts to less than 0 . 001 % and need not be made in routine analyses. 

34 If the piecemage of titanium or zirconium is high, this residue should be fused v ^ 
Na 2 C 03 , extracted with hot water, cooled, filtered, and the water extract added 
main solution. 
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(f) Ferrous Sulfate Solution.-Dissolve 100 g. of FeS0 4 -7H 2 0 in 1 liter of H 2 S0 4 

( ° Procedure . 1. Carbon Steels.-(a ) Transfer 2 g. of the sample to a 300-ml. Erlen- 
meyer flask. Dissolve the sample in 65 ml. of HNO ;s (1:3), and oxidize organic 
matter by adding 10 ml. of KMnO, (25 g. per liter) and boiling for 2 to 3 min. If 
no precipitate forms, add more KMn0 4 and boil again. 

(, b ) Dissolve the precipitate by adding H 2 S0 3 drop by drop, and boil for a few 
minutes to expel oxides of nitrogen. Adjust the volume to 60 ml. and the tem- 
perature to 45°C„ and add 50 ml. of ammonium molybdate solution. Stopper the 
flask, shake for 10 min., and allow the precipitate to settle for 20 min. at room 
temperature. Filter through a 9-cm. close-texture paper. Wash the flask, precipi- 
tate, and paper twice with 5-ml. portions of HNO s (2:98) and then five times with 
5-ml. portions of KNO a (10 g. per liter). Finally, wash the paper about ten times 
(until free of acid), directing die jet of KNO a solution around the edge of the 
paper and then spirally down. 

(c) Return the paper and precipitate to the flask, add 25 ml. of water and a 
2- to 5-ml. excess of NaOH (1 ml. = 0.0002 g. P), both free of C0 2 , and shake or stir 
until die precipitate is dissolved. Dilute to about 150 ml. with water free of C0 2 , 
add 3 drops of phenolphthalein indicator, and titrate with the standard FfNOy to 
the disappearance of the pink color. 

(d) Blank— Make a blank determination, following the same procedure and 
using the same amounts of all reagents. 

(e) Calculation.— Calculate the percentage of phosphorus as follows: 


Phosphorus, per cent = 


[(.4 - BC) — (£> — EC)]F 


X 100 


where A = milliliters of NaOH solution required by the sample (Paragraph (c)), 

B = milliliters of HN0 3 , required by the sample (Paragraph (r)), 

C = milliliters of NaOH solution equivalent to 1 ml. of the HN0 3 , 

D = milliliters of NaOH solution required by the blank (Paragraph (r/)), 

E = milliliters of HN0 3 required by the blank (Paragraph (</)), 

F = phosphorus equivalent of the NaOH solution, in grams per milliliter, and 
G = grams of sample used. 


2. Nickel, Chromium-Nickel, Stainless, and Similar Alloy Steels Containing 
Neither Tungsten nor V anadium.-{a) Determine phosphorus in accordance with 
the procedure described in Section 1. 

(b) With high-chromium nickel steels or other steels insoluble in PINO (]*3\ 
treat 2 g. of the sample with 50 ml. of a mixture of equal parts HNO, and HC1 
add 4 to 5 diops of HF, heat until action ceases, and then add 15 ml of FICIO 
Evaporate to copious white fumes, fume 5 to 10 min., filter, and wash as described 
in Section 2 (b) of the Molybdate-Magnesia Method. Complete the determination 
as described in Section 1. With steels of appreciable titanium or zirconium' con 
tents (over 0.25%) the alkalimetric method tends to give low values 

cease. Add .5 ml. of HCIO, and e v^te^J i * “* “f “ 
by drop until all of the hydrated silica is dissolved and iTS, lir ° P 

drop. Heat so that HOC. rehuaes on the sidesli Z ^7^7 Z7 mim 



ALLOYS: IRON AND STEEL 


672 

Cool and add 50 ml. of water and 10 ml. of HNO a . Add a few drops of KMuO 
(25 g. per liter) and boil until oxides of manganese are precipitated. Dissolve the 
precipitated manganese with H 2 S0 3 and boil for a few minutes to expel oxides o{ 
nitrogen. 

(b) Transfer the solution to a 300-ml. Erlenmeyer flask, adjust die volume to 
GO ml. and the temperature to 45®C., 3S and complete the determination as di* 
rected in Section 1 (6) to (e). 

4. Chromium-Vanadium Steels or Other Steels Containing Vanadium but No 
Tungsten.— Proceed in nccoidancc with Section 1 until the solution is ready for 
the addition of ammonium molybdate. At this point, cool to IO'C. and add 5 ml. 
of FeS0 4 solution and 2 to 3 drops of H 2 SO ;j . Mix, and then add 50 ml. of am- 
monium molybdate solution. Slukc for 10 min., allow to settle 1 hr., filter, and 
complete the determination as described in Section 1. 

5. High-Speed Steels or Other Steels Containing Tungsten and Vanadium.-Dii- 
solve 2 g. of the sample and prepare the solution for the precipitation of the am- 
monium phosphomolybdatc as described in Section 5 of the Molybdate-Magnesia 
Method. Precipitate the phosphorus in a cool (10 a C.), reduced solution and 
complete the determination in accordance with Section 4. 

6. Cast Iron and High-Silicon Steels.— (a) Dissolve 0.5 to 2 g. of the sample in 
65 ml. of HN0 3 (1 :3). Filter through a loose-texture paper and catch the filtrate 
in a 300-ml. Erlenmeyer flask. Wash the paper a few times with HNO a (2:98) 
and then with about 50 ml. of hot water. 

(6) Add 10 ml. of KMn0 4 (25 g. per liter) to the filtrate and boil for 3 to 5 min. 
Dissolve the precipitated oxides by the addition of H 2 S0 3 drop by drop, and boil 
for a few minutes to expel oxides of nitrogen. Cool to 45°C., add 50 ml. of am- 
monium molybdate solution, and complete the determination as described in 
Section 1. 

7. Open-Hearth Iron.— Determine phosphorus as directed in Section 1, dissolv- 
ing 3 g. of sample in 85 ml. of HNO s (1:3). 

8. Wrought Iron.— Determine phosphorus in accordance with the procedure de- 
scribed in Section I, but use 1 g. of the sample. In wrought iron, phosphorus will 
be present as phosphide and as phosphate (in slag inclusions). If a differentiation 
between the two forms is desired, determine total phosphorus in one sample: de- 
termine the phosphate that is left after phosphine has been driven off (by attack 
with a nonoxidizing acid such as HC1) from another sample. The phosphorus 
occurring as phosphide is then obtained by difference. The accuracy of die results 
obtained by this phosphate-phosphide method is somewhat doubtful, but the 
method is apparently the only one available. 

THE MOLYBDENUM BLUE (PHOTOMETRIC) METHOD 
(E30-60T) 

Scope and Application.— This method is recommended for cast iron, plain car- 
bon, and alloy steels containing 0.002 to 0.30% phosphorus. The method is not 
recommended for tungsten steels. 

Summary of Method.— (a) Phosphorus reacts with ammonium molybdate to form 
a phosphomolybdenum complex. The latter is reduced by hydrazine sulfate to 

as If the solution at this point contains silica, filter, wash with water, boil until the 
volume of the filtrate is approximately 60 ml., and again cool to 45® C. 
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form the molybdenum blue complex which is suitable for photometric measure- 

(b) After dissolution of the sample in aqua regia, the solution is fumed with 
perchloric acid. The insoluble silica is removed and an aliquot is treated with 
sodium sulfite and ammonium molybdate-hydrazine sulfate solution to develop 
a colored complex. The phosphate forms the heteropolyphosphomolybdate which 
is reduced by the hydrazine sulfate to form the strongly colored “molybdenum 
blue” complex of uncertain composition. Photometric measurement is made at 
approximately 700 m/x or 830 m/x depending on the concentration. 

Concentration Range, — d he recommended concentiation ranges, in milligiams 
per 100 ml., are 0.002 to 0.05 (for measurement at 830 m/x) and 0.05 to 0.3 (for 
measurement at 700 m/x) (Note 9). 

Note 9.— This procedure has been written for a cell having a 1.0-cm. light path. Cells 
having other dimensions may be used, provided suitable adjustments can be made in the 
amount of sample and reagents used. 

Stability of Color.— The heteropoly molybdenum blue color is stable for at least 
2 hr. after development of color. 

Interferences— None of the elements usually present in cast iron or steel alloys 
interfere except arsenic, which must be removed. Tungsten also causes interfer- 


ence. 

Apparatus, (a) Glassware.— Freedom of the glassware from phosphorus is of 
primary importance. Since many of the detergents commonly used contain phos- 
phorus, the use of such detergents should be avoided on the glassware used in the 
following operations. Boiling with hydrochloric acid, followed by rinsing with 
water, is one of the best means of cleansing glassware that has become contam- 
inated with phosphorus. As a further safeguard, it is recommended that the glass- 
ware used for this determination be reserved for this use only. 

(b) Photometers and Photometric Practice.— Photometers and photometric prac- 
tice prescribed in these methods shall conform to the Recommended Practice for 
Photometric Methods for Chemical Analysis of Metals (ASTM Designation: E60). 
A filter-type photometer will provide satisfactory accuracy for most analyses. How- 
ever, a spectrophotometer may be used if desired. 

Reagents, (a) Ammonium Molybdate Solution (20 g. per liter).— Add 300 ml. 
of H 2 S0 4 to 500 ml. of water and cool. Add 20 g. of ammonium heptamolybdate 
((NH 4 ) 6 Mo-0 24 -4H 2 0) and dilute to 1 liter. 


(b) Ammonium Molybdate-Hydrazine Sulfate Solution.-Dilute 250 ml. of the 

ammonium molybdate solution to 600 ml., add 100 ml. of the (NH 0 ).,-FI.,SO solu- 
tion, and dilute to 1 liter. Prepare immediately before use. ~ ~ ” * 

(c) Aqua Regia.-Mix 1 volume of HNO., with 3 volumes of HC1. 

(d) Hydrazine Sulfate Solution (1.5 g. per liter).-Dissolve 1.5 g. of hydrazine 

sulfate ((NH 2 ) 2 -H 2 S0 4 ) in water and dilute to 1 liter. X 


(e) Phosphorus, Standard Solution (1 ml. = 0.05 mg. P) .-Dissolve 0 ^99 «• of 
sodium monohydrogen phosphate (Na 2 HP0 4 ) in about 200 ml. of warn/ °Arlrl 
100 ml. of HC10 4 (1:5) and dilute to 1 liter in a volumetric flask 

(f) Phosphorus, Standard Solution (1 ml. = 0.5 mg. P).-Dissolve 990 m „ r 

Na 2 HP0 4 in about 200 ml. of water. Add 100 ml. of HC10 4 (1:5) and dilute to 
1 liter in a volumetric flask. 4 ' ’ ncl cumte to 
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(g) Sodium Sulfite Solution (100 g. per liter).— Dissolve 100 g. of sodium sulfite 
(Na 2 SO a ) in water and dilute to 1 liter. Prepare as needed. 

Preparation of Calibration Curve. (1) Iron and Steel Containing 0.002 to 
0.05% Phosphorus.— (a) Transfer 1.000 g. of low-phosphorus steel (less than 0.005% 
P) to each of seven 100-ml. beakers. Add slowly, in small portions, 15 ml. of aqua 
regia. When the violent reaction has ceased, add 10 ml. of HCIO,. 

(b) Carry one sample through as a blank, and to the other add 1.0, 2.0, 4.0, 6.0, 

8.0, and 10.0-ml. aliquots of phosphorus solution (1 ml. = 0.05 mg. P). 

(c) Evaporate the covered solutions, including the blank, to copious white fumes, 
fume for 15 min. and cool (Note 10). 

Note 10— The solution should completely solidify on cooling. If it docs not, fume for 
another 5 min. or as long as may be necessary. 

(d) After cooling, add 50 ml. of hot water to dissolve the soluble salts. Filter 
into a 100-ml. volumetric flask and wash the insoluble matter with hot water until 
about 90 ml. lias been collected in the flask. Cool to 20*C., dilute to the mark, 
and mix. 

( e ) Transfer a 10-mi. aliquot (Note 11) to a 100-ml. volumetric flask, add 1 ml. 
of HC10 4 and 15 ml. of Na 3 S0 3 solution, boil gently for 30 sec., and immediately 
add 50 ml. of freshly prepared ammonium molybdate-hydrazine sulfate solution. 

Note 11.— A 10-mi. aliquot represents, for example, 0.02 mg. of phosphorus in a sample 
containing 0.02% phosphorus. 

(/) Heat on a steam badi at 85 to 90 # C. for 20 min., and then quickly cool to 
20°C. Dilute to the mark and mix. 

(g) Photometry.— Transfer a portion of the reference (blank) solution to an ab- 
sorption cell and adjust the photometer to the initial setting, using a light band 
centered at approximately 830 m/». While maintaining this photometric adjust- 
ment, take the photometric readings of the calibration solutions. 

(h) Calibration Curve.— Plot the photometric readings of the calibration solu- 
tions against milligrams of phosphorus per 100 ml. of solution. 

(2) Iron and Steel Containing 0.05 to 0.30% Phosphorus.— (a) Proceed in ac- 
cordance with Section (1) above. 

(6) Carry one sample through as a blank, and to the others add 1.0, 2.0, 3.0, 4.0, 

5.0, and 6.0-ml. aliquots of the standard phosphorus solution (1 ml. = 0.5 mg. P). 

(c) Proceed in accordance with Section (1) ( c ) to (/). 

(d) Photometry.— Transfer a portion of the reference (blank) solution to an ab- 
sorption cell and adjust die photometer to the initial setting, using a light band 
centered at approximately 700 m^. While maintaining this photometric adjust- 
ment, take the photometric readings of the calibration solutions. 

(e) Calibration Curve.— Plot the photometric readings of die calibration solu- 
tions against milligrams of phosphorus per 100 ml. of solution. 

Procedure.— (a) Transfer 1.000 g. of the sample to a 100-ml. beaker. 

(6) Carry through a blank on the reagents. 

(c) Proceed in accordance with Section (1) (a) and (c) (Note 12). 

Note 12.— For high-chromium steels, fuming will be sufficient when red chromic add, 
condensed on the walls, reaches the top of the beaker. 

(d) If arsenic is present, add 20 ml. of hydrobromic acid (HBr) (1:4), 1 ml. 
HC10 4 , and evaporate again to copious white fumes to volatilize the arsenic. 
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(e) Proceed in accordance with Section (1) (d) to (/)• 

({) photometry.— Transfer a portion of the reference solution (reagent blank) to 
an absorption cell and adjust the photometer to the initial setting, using a light 
band centered at approximately 700 m/x. If the transmission reading of the sam- 
ple solution is 80% or greater at the 700 m/x setting, use a light band centered at 
approximately 830 m/x (Note 13). 

Note 13.— For steel containing 10% or more of chromium, the photometric measurement 
shall be made at 830 m/t. 

Calculation— Convert the photometric reading of the sample solution to milli- 
grams of phosphorus by means of the appropriate calibration curve. Calculate the 
percentage of phosphorus as follows: 

A 

Phosphorus, per cent = 

£> X 1U 

where A = milligrams of phosphorus found in the aliquot used, and 
B = grams of sample represented in the aliquot used. 


SULFUR 


THE GRAVIMETRIC METHOD 


Reagents, (a) Zinc (20- to 30-mesh, low-sulfur). 

(b) Barium Chloride Solution (100 g. per liter). 

(c) Copper- Potassium Chloride Solution.— Dissolve 300 g. of CuCL, • 2KC1 • 2H..O 
in a mixture of 1 liter of water and 75 ml. of HC1. 

(d) Cinchonine Solution.— Dissolve 125 g. of cinchonine in 1 liter of HC1 (1:1). 
If the cinchonine contains excessive quantities of sulfates, wash the crystals on a 
Buchner funnel with water until the washings no longer give a precipitate with 
BaCl 2 , before dissolving in the acid. 

(e) Cinchonine Wash Solution.— Dilute 30 ml. of cinchonine solution to 1 liter 
with water. 

Procedure. 1. Carbon Steels.-(a) Dissolve 5 g. of the sample in 75 ml. of HNO. { 30 
in a covered beaker or flask. In case solution is slow or difficult, HC1 may be added 
drop by drop at intervals. With steels that dissolve too rapidly, it is necessary to 
place the cooled acid in a covered beaker and add the sample in small portions 
When solution is complete, add 0.5 g. of NaXO s and carefully evaporate 3 - to 
about 10 ml. in a low-sulfur atmosphere. Cool, add 30 ml. of HC1, and evaporate 
just to dryness. Add 30 ml. more of HC1, and evaporate to sirupy consistency. * 

(b) Add 10 ml. of HC1, 25 ml. of water, and 5 g. of 20- to 30-mesh, low-sulfur 

zinc. Warm on a steam bath until the iron is reduced to the ferrous state and the 
evolution of hydrogen has nearly ceased. Filter through a close-texture paper and 
wash with 75 ml. of HC1 (1:99). F 1 ana 

(c) Warm the filtrate to 60 to 70X. and add 20 ml. of BaCL, (100 g. per liter) 


sulfuT. he additi ° n ° f 2 to 5 mL of br °™ne is claimed to effect more comple 

37 The use of a coarse screen of %-in. wire triirxrlpc r.,. u 
plate permits more rapid evaporation without’ the dagger of spattering. 8 ^ 


recovery of 
on the hot 
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dropwise with constant stirring . 38 Let stand for 2 hr. on a steam bath and then 
overnight at room temperature. Filter on a 9-cm. close-texture paper and discard 
the filtrate. Wash once or twice with cold HC1 (1:500) and then with hot wat« 
until free of chlorides. Reserve the precipitate, 

(ci) Add 2 ml. of BaCL (100 g. per liter) to the washings and evaporate just to 
dryness. To the residue add 2 ml. of HC1 (1:1) and 25 ml. of warm water, and 
digest at 60 to 70 # C. for several hours. Filter on a small dose-texture paper and 
wash with hot water until free of chlorides . 39 

(e) Ignite both papers (Paragraphs (c) and (d)) in a weighed platinum crucible. 
Add 1 drop of H«S0 4 (1:1) and 1 ml. of HF. Evaporate to dryness, ignite, and 
weigh as BaS0 4 . 

(f) Blank.— Make a blank determination, following the same procedure and using 
the same amounts of all reagents. 

(g) Calculation.— Calculate the percentage of sulfur as follows: 


Sulfur, per cent = 


{A - D) X 0.1374 
C 


X too 


where A = grains of BaSOt, 

B = correction for blank, in grams, and 
C = grains of sample used. 


2, Alloy Steels.— (a) For steels that can be dissolved in HNO a or in HN0 3 plus 
small portions of HC1, determine sulfui in accordance with the procedure describtd 
in Section 1. Dissolve high-chroniiunwiickel steels in a 400-mi. tall form beaker 
in 125 ml. of a mixtute of equal parts of HNO a and HC1. First, mix the adds 
thoroughly in another container. When the mixture is thoroughly red, add it to 
the beaker containing the sample. If the reaction proceeds too rapidly, the beaker 
and contents should be chilled by placing them in ice water. Complete the deter- 
mination as described in Section 1. 

(b) Meineke Method.— Alternatively, the Meinckc method (solution in add 
copper-potassium chloride) may be used for the chromium-nickel alloys. Dissolve 
5 g. of the sample in 250 ml. of copper-potassium chloride solution at room tem- 
perature and with slow mechanical stirring . 40 Filter through a Gooch crucible 
having a removable bottom, and wash two or three times with HC1 (2 Return 
the residue and asbestos pad to the beaker and add 20 ml. of HNO a . Heal ami 
add K.CIO 3 until all carbonaceous matter is de$tro)ed. Graphite may be ignored. 
Evaporate the solution to dryness, add 10 ml. of HC1, and again evaporate to dry- 
ness. Take up in 10 ml. of HG1 (1:9) and 20 ml. of water, filter through paper, 
and wash with 50 ml. of hot water. Heat the filtrate to boiling and add 5 ml. of 
BaCL (100 g. per liter) dropwise with constant stirring. Let stand for 2 hr- mi a 
steam bath and then overnight at room temperature. Filter and complete the 
determination as described in Section 1 (c) to (g). 

3. Tungsten Steels.— (a) Transfer 5 g. of the sample to a 600-ml. beaker or Erlen- 
meyer flask and add 75 ml. of HNO v If reaction is slow, heat gently; if it is vigor- 

38 The solution should picferabl) contain not more than 2% by volume of IIC1 al 
time of the precipitation with BaCI,. Oidinarily. there will be 110 hydrolysis of iron 1 ' 

ing the filtration and washing of the undissolved zinc or the precipitation with » 2 - 

Should this occur, the solution must be cleared by the addition of HCl, having cm 
gard to the final peimissiblc acidity. 

sa This recovery of BaS0 4 oidinarily represents from 0 001 to 0 003% of sulfur. 

40 Selenium is also obtained with sulfur in the lesiduc; hence, with selenium s - 
all operations should be conducted under a good hood. 
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Stirring or rubbing these coated granules speeds up the decomposition. W hen 
reaction is complete, digest until the residue is pure yellow and contains no dark 
ZeZ adding fresh portions of acid if necessary. Evaporate to sirupy const - 
Tnol add 30 ml of HC1, and again evaporate to sirupy consistency. Add 
100 ml. of hoi water and boil until soluble salts are in solution. Filter and 1 
the residue with HC1 (1:10), catching the filtrate and washings m a 600-ml. c. 

S 7&) e Evaporate to dryness, add 30 ml. of HC1, and again evaporate to dryness. 
Cool, add 60 ml. of HC1 (1:1), warm until salts are in solution, and add j 0 ml. 
of boiling water. Add 10 ml. of cinchonine 
solution and let stand overnight. Filter 
and wash with cinchonine wash solution. 

(c) Evaporate the filtrate and washings 
until a slight film begins to form and com- 
plete the determination as described in Sec- 
tion 1 ( b ) to ( g ). In this determination, the 
correction for a blank determination is 
particularly important. As the cinchonine 
solution may contain sulfur, this solution 
should be measured so that exactly the same 
amount is used in the blank as in the de- 
termination. 

4. Open-Hearth Iron, Cast Iron, Wrought 
Iron, and High-Silicon SfeHs.-Determine 
sulfur in accordance with the procedure de- 
scribed in Section 1. 



Fig. 24-6. Apparatus for Determination 
of Sulfur by Evolution Method. 


THE EVOLUTION METHOD 

Apparatus — The apparatus shown in Fig. 

24-6 may be used for determining sulfur by 
the evolution method in testing materials 
that are soluble in HC1 (1:1). It should 
consist of a 300-ml. Florence flask fitted 
with a “sulfur-free” two-hole rubber stopper 
carrying a thistle tube and a second glass 
tube dipping into a beaker containing ammoniacal ZnS0 4 or CdCl., solution. 

The apparatus shown in Fig. 24-7 is recommended for the analysis of materials 
when concentrated acid is used for solution and maintenance of the acid’s strength 
by means of condensation is desirable. 41 In this apparatus hydrogen supplied from 
a Kipp generator or a cylinder of hydrogen is freed from H.,S by passage through 
KMn0 4 (25 g. per liter) contained in a Drechsel bottle” B of about 125-ml. 
capacity, and NaOH (300 g. per liter) held in another Drechsel bottle C of the 
same size. The tube G dips just beneath the surface of 25 ml. of cold water held in 
die 125-ml. Erlenmeyer flask H. The water serves to collect the HC1 that distils 

41 D is advisable to use an all-glass apparatus because the length of time (30 mini re- 
quired for the solution of the material gives opportunity for fumei of HC1 to attack rubber 

stoppers and rubber hose connections, which usually contain sulfur, and thus cause er 
roneous results. auu U1US cause ei- 
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Is admitted through the gb sT uoprack "to' "th 'mo b f co . mi " s acid ' H y dr0 S'» 
Tlie decomposition n ’ ? • , 500 ' m1 ’ decomposition Hast D. 

stopcock E. a funnel / mil i r, 7- esi S”) s,la ^ l>e provided witlt a ground glass 

maniacal solution ol CdCl, or ZnSO ^shall be l""!! -"'V a J on ou . tleI tubes - An im ‘ 
If the CdCl„ solution ,s 1 • , “ ld m Ule 125ml - absorption Bask I. 

sunlight. * ’ ‘ e absorption should not be carried out in direct 

7H^O inTli tiroffart? ?. u,rale Solution-Dissolve 200 g. of ZnSO,- 

(b) surclr Solu i„7, lTo /on 1 ‘ ° f NH * OH - “and 24 hr. and filter. 

Of soluble (or arrowroot) stafch hi ' 25 T**’ 3dd a coId sus P ensio “ of 5 g. 

of 5 g. of NaOH in r,n ii r ^ ™ ‘ watcr - Cool, and add a cool solution 

(c) Standard Po ,f- Add 15 & of KI and mix thoroughly, 

theoretical sulfur equivalent^??! . S ° Iu , t,0n (0,03 jV )*"" F ° r general work, use the 
of material tlie solution i * MS * olut . ,on - For specialized work on one kind 
portions of the nroner f standardized against like material by carrying5g. 

(see Sections 1 to 4) P S ^ ^ l irou S h aI1 steps of tlie corresponding procedure 

Florence flask antf Transfer 5 g. of die sample to a dry, 300 ml. 

of ammonlacal ZnSO e sS , e ^ app3KUUS 35 illustr3ted ( Fi g- W PlaL 15 ml. 
HC1 (1 : l) to the flask\hr 7” £" d , ^°° mI ’ of water in the b eaker. Add 80 ml. of 
until the solution of the iron ^ thl *i le tUbe ’ heat tI,e flask and its contents gently 
heat shall be so adjusted ha 7?" the S ° luti ° n f ° r 30 ^ ^ 

(b) Disconnect th,. a r 3t tlere ,s a ra P ,d * steady evolution of gas. 42 
beaker. Add 2 ml of , tube ’ leavin & in the solution, and remove the 

diately with 0 03 N Kin , soIut,on ' the ” ^0 ml. of HC1 (1:1), and titrate imme- 
/ ■ o iuo 3 to a permanent blue color. 

are kept constant. the evolution of gas is rapid and the conditions 

condition can be avoided hv ? ccur . ,f l he absorbing solution becomes too hot. This 
y eepmg the absorbing solution in a water bath. 
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(c) Calculation— Calculate the percentage of sulfur as follows: 

AB X 0.016 „ AA 
Sulfur, per cent = — X 100 

where A = milliliters of KI0 3 solution required for titration of the sample, 

B = normality of the KI0 3 solution, and 
C — grams of sample used. 

(d) With most carbon steels, the results for sulfur that are obtained by the evolu- 
tion method and the use of the theoretical sulfur equivalent agree with the gravi- 
metric results within plus or minus 0.002%. Some steels dissolve too slowly and 
some (for example, certain steels containing high sulfur or high carbon) do not 
yield all their sulfur. In such cases the samples must be annealed as follows: 
Place 5 g. of the sample in a 20-ml. porcelain crucible. Cover with a %-in. layer 
of powdered or flake graphite, cover the crucible, and heat at 685°C. for 20 min. 
Transfer the cooled annealed steel and graphite to the evolution flask and proceed 
in accordance with Paragraphs (a) to (c). 

2. Alloy and Higli-Silicon Steels .- Many alloy steels yield all their sulfur when 
analyzed by the same procedure as is used for carbon steels, but some yield only a 
part. Hydrochloric acid (2:1) or concentrated HC1 will give slightly more evolved 
sulfur, with some alloy steels, than does HC1 (1:1). For example, some molyb- 
denum steels yield most of their sulfur with concentrated HC1. For high-silicon 
steels, concentrated HC1 plus a small amount of HF (0.5 ml.) has been recom- 
mended. The evolution method, however, can be used only if experiment has 
shown that all sulfur is evolved as PLS in the particular type of steel under analysis. 
The evolution method is not satisfactory for the determination of sulfur in sele- 
nium steels. When concentrated HC1 is used, suitable condensing arrangements 
must be provided (see Fig. 2-1-7). 

3. Cast Iron.— (a) Most cast irons do not give up all their sulfur as PI.,S. The 
amount that is given off can often be increased by annealing the sample, although 
with many irons annealing yields no increase in the amount of evolved sulfur. 
Annealing is done as described in Paragraph (<7) above. 

(b) With high-silicon cast irons, use hot (70°C.) HC1 (1:1), heat rapidly to boiling, 
and then simmer. If the solution froths badly, add about 0.5 ml. of FIF. 

(c) Concentrated HC1 has been recommended for certain alloy cast irons, in 
which case suitable condensing arrangements must be provided. Even then care 
must be taken to avoid excessive neutralization of the alkaline absorbent. 

4. Open-Hearth Iron and Wrought Iron .- Determine sulfur in accordance with 
the procedure described in Section 1. 


THE DIRECT COMBUSTION-IODATE METHOD « (E30-60T) 
(FOR STAINLESS STEELS) 

apparatus.— "The apparatus shall be suitable for the direct combustion of the 
metal in oxygen, tire SO, obtained being absorbed in starch-iodide solution and 


« The combustion method for the determination of sulfur is especially r 

stainless steels that clo not react satisfactorily in the evolution meE L ■ , f ? r 

Sections 1 to 4. In this method, a minimum furnace temperature of U9is°r i SCube ?. % 
It has been found that at this temperature most stainless steels will vT^i ?' pl '“- nbed - 
93% of their sulfur content as SO,. One empirical ^ fLtor or 1/ 

.taefo re . employed instead oi a series of factors varying with the tempeSe of Smbu”’ 
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titrated with standard K10 3 solution. A typical arrangement is shown in Fig. 218. 

(a) Combustion Furnace.— Any electric tube-furnace capable of continuous 
operation at 1425°C., and intermittently up to I525°C., is suitable. The combus- 
tion zone shall be approximately 8 to 10 in. in length. Furnaces utilizing rod shape 
silicon carbide heating elements arc satisfactory. 

(b) Temperature Control.— To insure maximum reproducibility of results, it is 
necessary that reasonably close regulation of the furnace tesnperature be employed. 
This is best accomplished by means of an automatic controller, although other 
suitable means may be used. 

(c) Combustion Tube.— The tube shall be of a refractory type that will withstand 
a temperature of 1400* to 1550 # C. It shall have an internal diameter of % to 1JJ 



in. and a length of about 27 to 36 in. The tube shall be placed in the furnace so 
that the exit end extends appioximatcly 5 in. beyond the furnace. 

(d) Combustion Boats ami Covers.— Refractory boats of very low sulfur content, 
resistant to molten iron oxide, and about 3.5 to 4 ill. in length are recommended. 
Prior to use, boats and covers shall be ignited in oxygen at or above the operating 
temperature for 15 to 20 min. in order to remove traces of sulfur. After ignition, 


both boats and covers shall be stored in moisture-free glass-stoppered containers. 

(e) Oxygen Purifiers.— The regular commercial tank oxygen is satisfactory. It 
shall be passed through an absorption tower containing an absorbent such as a 20 
to 30-mesh inert base impregnated with NaOH 4 * and then through a tower con- 
taining anhydrous Mg(C10 4 ) 2 . A large reservoir (such as a 5- to 10-1. bottle) shal 
be inserted between the oxygen-purifying towers and the inlet of the combustion 
tube. A reservoir provides a more even flow of oxygen during the fusion period. 
Caution,— The resen oir bottle must be city and ftee of all organic compounds or 
vapors to avoid the formation of explosive mixtures with oxygen. 

(f) Absorption and Titration Apparatus.— A number of types of apparatus or 


tion ami type of stainless steel being analyzed Though the direct combustion to 
procedure for detei mining sulfur in stainless steels is empirical, close adheience t 
details of the method will yield results of suitable reproducibility and accuracy. 
•“Ascarite and Caroxite have been found satisfactory for this purpose. 
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absorption and titration are commercially available. Suitable apparatus may be 
built in the laboratory. 

(or) Rubber and Glass Connections.— The rubber stoppers at the inlet and out- 
let ends of the combustion tube shall be protected by heat-reflecting baffles, pref- 
erably of the double-disc type. Connection between the outlet end of the combus- 
tion tube and the absorption and titration vessel shall be made with glass, butted to 
minimize areas of rubber tubing exposed to the gases. The length of the glass 
tubing is not critical. A convenient length to use is 10 in. After each 8 hr. of con- 
tinuous use, the glass tubing shall be thoroughly dried by heating with a burner. 
The rubber stoppers and tubing used shall be essentially free of sulfur. 

Reagents, (a) Starch Solution.— Transfer 9 g. of soluble (or arrowroot) starch to 
a small beaker, add 5 to 10 ml. of water, and stir until a smooth paste is obtained. 
Pour the mixture slowly into 500 ml. of boiling water. Cool, add 15 g. of KI, and 
stir until the KI is dissolved. Dilute to 1 liter. 

(b) Standard Potassium Iodate Solution (1 ml. = 0.0001 g. S). 4r ’— Dissolve 0.2069 
sr. of KIO, in 900 ml. of water and dilute to 1 liter in a volumetric flask. 

Procedure— (a) For type 302 (18 Cr, 8 Ni) stainless steel, adjust the temperature 
of the furnace to 1425°C. For type 308 (19 Cr, 10 Ni) stainless steel use a furnace 
temperature of 1465°C., and for type 310 (24 Cr, 19 Ni) stainless steel use 1525°C. 

(5) Add about 65 to 70 ml. of HC1 (3:197) and 2 ml. of starch solution to the 
absorption vessel. Pass oxygen 40 through the system and add a small amount of 
KI0 3 (1 ml. = 0.0001 g. S) until the intensity of the blue color is that which is to 
be taken as the end point in the final titration. Read the buret and record as the 
initial reading. Turn off the oxygen. 

(c) Transfer 1 g. (0.2 g. for high-sulfur steels) of the sample to a preignited com- 
bustion boat, spreading the chips evenly over about one-half the length of the boat. 
Cover the sample with approximately 0.2 g. of fine copper turnings or, preferably, 
with a sheet of copper foil. Place a preignited cover on the boat and introduce the 
boat and contents into the center of the combustion zone of the combustion tube. 
Close the tube and allow the sample to heat for 1.5 min.; then start the flow of oxy- 
gen at a rate of approximately 1500 ml. per min. 

(d) As the stream of gas begins to bubble through the absorption solution, the 
blue color will fade. Titrate continuously with KIO a (1 ml. = 0.0001 g. S) at such 
a rate as to maintain, as nearly as possible, the initial intensity of the blue color. 
Near the end of the 10-min. combustion period, cautiously add KIO. ? (1 ml. = 
0.0001 g. S) until the intensity of the blue color is that taken initially (Paragraph 
(5)). Read the buret and record the reading. Subtract the initial reading '(Para- 
graph ( b )). The difference is the milliliters of KIO ;} solution required for titration 
of the sample. 

(e) Blank.— Make a blank determination, following the same procedure and usin- 
the same amounts of all reagents. 


45 This sulfur equivalent is based on the following: 

KI0 3 + 5KI + 6HC1 = 3I> + 6KC1 + 3H 2 0 

SO2 + I2 + 2H 2 0 = H2SO4 + 2HI 
On the basis of 93% conversion of sulfur to SO a , 


0.2225 X 0.93=0.2069 g. of KIO a per liter. 

One milliliter of the KIO ;s solution is therefore equivalent to 0 00m cr e ^c 
40 The regular commercial tank oxygen is satisfactory for this pmpL § ' f SU ^ 
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(f) Calculation.— Calculate the percentage of sulfur as follows: 


Sulfur, per cent = 


(A - B) X 0.0001 
C 


X 100 


where A — milliliters of KlOa solution required for titration of the sample, 

B = milliliters of KIO 3 solution required for titration of the blank, and 
C = grams of sample used. 


SELENIUM 

THE SULFUROUS ACID-IODOMETRIC METHOD 

Reagents, (a) Sulfurous Acid (6%). 

(b) Urea. 

(c) Potassium Iodide Solution (300 g. per liter).— Prepare fresh as required. 

(d) Starch Solution (50 g. per liter).— Make a paste of 5 g. of soluble (or arrow- 
root) starch in about 5 nil. of water and add this to 100 ml. of boiling water. Cool 
before using. Prepare fresh as requited. 

(e) Standard Selenious Acid Solution (1 ml. = 0.0006 g. Sc).— Dissolve 0.490 g. 0 ! 
selcnious acid (H 2 Sc0 3 ) in 400 ml. of water and dilute to 500 ml. in a volumetric 
flask. 

(f) Standard Sodium Thiosulfate Solution (1 ml. = 0.0002 g. Sc. approximately 
0.01 IV).— Dissolve 2.5 g. of NajS-jOj-SHoO in I liter of freshly boiled and cooled 
water. Standardize as follows: Pi pet 10 ml. of the selcnious acid solution into a 
600-ml. beaker. Add 20 ml, of HN0 3 and boil until the volume is about 15 ml. 
Cool, dilute to 400 nil., add 2 g. of urea, and stir. Add 10 ml. of KI (300 g. per 
liter), stir, and allow to stand for 2 min. Add 5 ml. of starch solution (50 g. per 
liter), and titrate with the Na 2 S 2 0 3 solution until the blue color is discharged. 
Calculate the selenium equivalent of the Na 2 S 2 0 3 solution in grams per milliliter, 
as follows: 


Selenium equivalent = 
The reactions involved arc: 


0.006 

ml. ofNa 2 S 20 3 


H 2 Se0 3 + 4KI + 4HNO a = Se + 2I 2 + 4KN0 3 + 3H 2 0 
r 2 + 2Na 2 S 2 0 3 = NagS<0« -f 2NaI 

The Na 2 S 2 0 3 solution may also be standardized against KI0 3 and the selenium 
equivalent calculated on the theoretical basis. One milliliter of 1 N Na 2 S 2 0 3 » 
equivalent to 0.01974 g. of selenium. 

Procedure. 1. Stainless Steels.~{a) Transfer 5 g. of Ute sample (use 2 to 3 g. of 
the sample if the selenium content is over 0.2%) to a 600-ml. beaker, and add a 
freshly prepared mixture of 30 ml. of HN0 3 and 30 ml. of HC1. Heat until action 
Is complete. Add 35 ml. of HCI0 4 and iieat until chromium is oxidized, which 
is indicated by the appearance of a deep red color in the solution. Cool, add 50 
ml. of water, and warm until salts arc dissolved. Add 200 ml. of HC1 and 100 m . 
of H 2 S0 3 (6%), and heat on a steam bath at 60' to 70 °C. for 2 to 3 hr., to re uce 
the selenium to the metallic state. Cool, and filter with suction tluough a tig^ 
asbestos pad in a Goodi crucible having a removable bottom, or through a » nllc 
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glass crucible of fine porosity. Wash 5 or 6 times with cold HC1 (3:7) and then 

5 or 6 times with cold water. , „ r 

(b) Transfer the asbestos pad with the residue to a 400-ml. beaker, add 50 ml of 

HNO,, and evaporate the solution to 10 to 15 ml. Filter by suction through a 
Gooch crucible or a fritted-glass crucible of fine porosity, and wash several times 
with cold water. If the filtrate is cloudy, filter again. Add a slight excess of 
NH.OH to precipitate small amounts of iron. Filter and wash with warm water. 

(c) Make the filtrate just acid with HNO a and add 10 ml. in excess. Dilute to 
400 ml heat to 60°C., add 3 g. of urea, and stir 2 or 3 min. to eliminate small 
amounts of HNO,,. Cool, add 10 ml. of KI (300 g. per liter), and allow to stand 
until the liberation of iodine is complete (usually 2 or 3 min.). Add 5 ml. of 
starch solution (50 g. per liter) and titrate with NaoS^O^ (1 ml. = 0.0002 g. Se) to 
the complete disappearance of the blue color. 

(d) Calculation.— Calculate the percentage of selenium as follows: 

AB 

Selenium, per cent = X 100 

U 


where A — milliliters of Na 2 S20 3 solution required to titrate the sample, 

B — selenium equivalent of the Na 2 S203 solution, in grams per milliliter, and 
C = grains of sample used. 


SILICON 


THE SULFURIC ACID METHOD 


Reagetits. Mixed Acids.— To 600 ml. of water add 200 ml. of H 2 SO. t , 100 ml. of 
HNO3, and 100 ml. of HC1. 

Procedure. 1. Carbon and High-Silicon Steels.— (a) Transfer the sample (5 g. if 
silicon is under 0.5%, and 2.5 g. if it is over this percentage) to a 300-ml. casserole, 
add 100 ml. of H 2 S0 4 (1:4), 47 and cover. Warm gently. When reaction ceases, 
remove and rinse the cover and evaporate the solution to dense white fumes, taking 
care to avoid spattering. Replace the cover and continue the fuming for 2 to 3 
min., but no longer, since insoluble sulfates may be formed. Cool somewhat, and 
add 100 ml. of warm water (40° to 50°C.) at one time. Stir until salts are in solu- 
tion, heating gently if necessary, but never boiling. Filter immediately, using a 
rapid ashless filter paper for high-silicon steels, and a tighter paper for low-silicon 
steels. Transfer all the residue to the paper, scrubbing the casserole thoroughly 
with a rubber-tipped rod. Wash die paper and residue alternately with hot HC1 
(5:95) and hot water until iron salts have been removed. This usually requires 
six washings with 5-ml. portions of each wash liquid. 48 


47 More rapid and equally satisfactory determinations can be made by dissolving the 
sample in 40 ml. of HC1 (1 : 1) and evaporating to low volume; then adding the H?,SO, 
evaporating to fumes, and completing the procedure in accordance with Section 1 above 
Alternatively, the sample may be dissolved in 100 ml. of the mixed acids as described 
below in Section 6. In the case of steels (rimming) containing under 0.10% silicon, dissolve 
the sample in a platinum dish with HC1, add H-jSCq, and evaporate to fumes and com- 
plete the determination as directed in Section 1. 

• T 1 ! method and succeeding methods for determining silicon some silica passes 
into the filtrate. The amount left in solution depends chiefly on the silicon content of 

nro/ y V 1S ’ f 0Ut , °' JCto % sllicon for a »■!% silicon steel, approximately 0(»4 for 
a 0.4% silicon steel, and about 0.05% or over for a 4.5% silicon steel. Hence in unmire 
work it is necessary to evaporate the filtrate and washings to dense white fumes dTlutc 
filtei, and ignite the washed paper and contents with the first portion. ’ * ' 
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(b) Transfer the paper and residue to a platinum crucible, heat carefully unt jj 
the carbon is gone, and then cover and ignite for 30 min. at 1100° to 1150'C. Cool 
in a desiccator and weigh. 

(c) Add enough HoSO^ (1:1) to moisten the SiO., and then 3 to 5 ml. of HF 
Evaporate to dryness, caiefully heat until H 2 S0 4 is gone, and then ignite ai 
1000°C. Cool in a desiccator and weigh. The loss in weight represents SiO 

(d) Calculation.— Calculate the percentage of silicon as follows: 

Silicon, per cent = X 100 

where A = grams of Si02, and 
B = grains of sample used. 

2. Alloy Steels.— Determine silicon in accordance with the procedure described 
in Section 1. if the sample dissolves in H 2 S0 4 (1:4). If it does not, use die mixed 
acids 47 or the perchloric acid method. The perchloric acid method is especially 
suited for high-chromium alloys. 

3. Tungsten Steels.— (a) Transfer 2.5 g. of the sample to a beaker or casserole 
provided with a cover glass. Add a mixture of 20 ml. of HC1 and 20 ml. of HN0 S . 
and warm until all the steel has dissolved. Add CO ml. of warm H 2 S0 4 (1:1), and 
evaporate to dense white fumes. Cool somewhat, cautiously add 5 ml. of HCI, and 
swirl gently until well mixed. Add 125 ml. of warm water (40° to SO'C.), and 
proceed as described in Section 1 (a). 

( b ) Ignite the tungstic acid and silica together at a temperature of about 1000“C. 
and weigh. 

(c) Complete the determination as described in Section I (c) and (d), except that 
the final ignition shall be made at 800°C. instead of 1000'C. 

4. Cast Iron.— Determine silicon in accordance with the procedure described in 
Section 1, using 2.5 g. of the sample. With gray or mottled pig iron it is desirable 
to use a finely divided sample and to boil vigorously with slightly more acid at the 
start, as the particles tend to become coated with silicic acid. Alternatively, the 
sample (2.5 g.) may be dissolved in 80 ml. of the mixed acids as described in Sec- 
tion 6. 

5. Open-Hearth Iron.— Determine silicon in accordance with the procedure de- 
scribed in Section 1, using 10 to 20 g. of the sample and corresponding amounts 
of H 2 S0 4 . Fume gently for 12 to 15 min., instead of 1 to 2 min. as with carbon 
steels. The solution and treatment of the sample shall be carried out in a platinum 
dish. 

6. Wrought Iron.— To 5 g. of the sample, add 100 ml. of the mixed acids. Heat 
until solution is complete, evaporate to dense white fumes, and fume for 1 to 2 nun. 
Cool somewhat, and cautiously add to the warm solution 5 ml. of HCI, while 
swirling the solution gently. When well mixed, add 125 ml. of warm water, stir, 
and complete the determination as described in Section 1. 

THE PERCHLORIC ACID METHOD 

Procedure. 1. Carbon and High-Silicon Steels.—' Transfer 5 g. of the sample for 
steels containing less than 0.5% silicon and 2.5 g. for steels containing more than 
0.5% silicon to a 400-ml. beaker. Add 40 ml. of HNO a (3:5). 4a Cover and heat 

49 For high-silicon alloys, dissolve the sample in 40 ml. of HCI (1:1), oxidite carefully 
with HN0 3 , and then add the HC!0 4 . 
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cautiously until solution is complete. Then raise the cover and add 40 ml. of 
HClOj for the 2.5-g. sample, or 60 ml. for the 5-g. sample. Evaporate to white 
fumes' cover the beaker, and continue to heat at such a rate that HC10. } refluxes on 
the sides of the beaker for 15 to 20 min. Cool somewhat, add 12o ml. of hot water, 
and stir until salts are in solution, crushing any lumps of silica with a flattened rod. 
Filter immediately and complete the determination as described in Section 1. The 
washing of the paper must be thorough, for residual HC10 4 held in the silicic acid 
tends to cause popping and loss of material upon subsequent ignition. 

2. Nickel, Chromium-Nickel, Chromium-Vanadium, and Similar Low-Alloy 
Steels Containing No Tungsten and Under 5% Chromium .— Determine silicon in 
accordance with the procedure described in Section I. 

3. High-Chromium Steels— Dissolve the sample in a mixture of equal parts of 
HC1 and HNO a . Complete the determination as described in Section 1. 

4. Cast Iron— Determine silicon in accordance with the procedure described 
in Section 1, using 2.5 g. of the sample for white iron and 1 g. for gray iron. 

5. Alloy Cast Iron .— For high chromium-nickel cast iron dissolve the sample in a 
mixture of 20 ml. of HC1 and 20 ml. of HN O a . Complete the determination as 
described in Section 1. 


COPPER 


THE ELECTROLYTIC OR GRAVIMETRIC METHOD 


Apparatus. Electrodes.— Platinum electrodes of the stationary type as described 
in die following Paragraphs (a) and ( b ). are recommended, but strict adherence 
to the exact size and shape of the electrodes is not mandatory. Where agitation of 
the electrolyte is permissible in order to decrease the time of deposition, one of the 
types of rotating forms of electrodes, generally available, may be employed. 

(a) Cadiodes.— Platinum cathodes may be formed either from plain or perforated 
sheets or from wire gauze, and may be either open or closed cylinders. Gauze 
cadiodes are recommended, and shall be made preferably from gauze containing 
approximately 400 meshes per sq. cm. (50 meshes per linear inch). Gauze for 
cathodes shall be woven from wire of approximately 0.0085 in. (0.21 mm.) in diam- 
eter. The cathode should be stiffened by doubling the gauze for about 3 mm. at 
the top and the bottom of the cylinder or by reinforcing the gauze at the top and 
bottom with a platinum band or ring. The cylinder should be approximately 30 
mm. in diameter and 50 mm. in height. The stem should be made from a plati- 
num alloy wire, such as platinum-iridium, platinum-rhodium, or platinum-ruthe- 
nium, having a diameter of approximately 1.30 mm. It should be flattened and 
welded the entire length of the gauze. The over-all height of the cathode should be 
approximately 130 mm. Cathodes should be sandblasted. 


(b) Anodes.— Platinum anodes may be of the spiral type when anodic deposits 
are not being determined, or if the deposits are small (as in the electrolytic deter- 
mination of lead when it is present in amounts not over 0.2%). When used in 
analyses where both cathodic and anodic plates are to be determined the anodes 
should be of wire gauze. Spiral anodes should be made from 1.00-mm. or lamer 
platinum wire formed into a spiral of seven turns having a height of approximated 
50 mm. and a diameter of 12 mm., the over-all height being approximately 130 mm. 
The spiraled section should be sandblasted. Platinum gauze anodes should be 
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made of the same material and of the same general design as platinum , 
cathodes. The anode cylinder should be appioximately 12 mm. in diameter Kb 
50 mm. in height and the over-all height of the anode should be approximate! 
130 mm. Platinum gauze anodes should be sandblasted. 

Reagents. Hydrogen Sulfide Wash Solution.— Saturate H.>SQ 4 (I:Q9) with H S 

Procedure. 1. Copper Steels.— (a) Transfer 5 g. of the sample to a 600 ml 
beaker, add 200 ml. of H.jS0 4 (1:9), and heat gently until action ceases. Dilute 
to 350 ml. with water, heat to boiling, and saturate with H 2 S as the solution is a! 
lowed to cool during the course ol 25 min. Allow the precipitate to settle, filter 
on paper or paper pulp, and wash a few times with H.,S wash solution. 

(b) Transfer the residue and paper to a 25- or 35-ml. tail-form procelain era 
cible, ignite at a temperature not exceeding 550°C., and fuse with 2 to 4 g. oi 
K^SgOf. Dissolve the cooled melt in 25 ml. of HCl (1:9). Dilute the solution 
to 100 ml., 80 neutralize with NaOH (50 g. per liter), and add approximately OS 
ml. in excess. Boil lor 3 min., digest lor about 30 min., filter, and wash 5 or 6 
times with cool NaOH (5 g. per liter). 

(c) Dissolve the precipitate in 15 to 25 ml. ol hot HN0 3 (1:3), wash the paper 
with hot water, add 5 ml. of H..S0 4 , and evaporate to dense white fumes. Cool 
the solution, dilute to 40 ml., add an excess of several milliliters of NH 4 OH, and 
heat to boiling. Allow the precipitate to settle, filter into a 250-rul. beaker, and 
wash with hot water. If more than 4 mg. of non, tin, chromium, or other elements 
precipitable by NH 4 OH appear to be present, dissolve the precipitate in 15 to 25 
ml. of hot HN0 3 (1:3) and repeat the precipitation with NH 4 OH. Filter and com 
bine the filtrates. 

(d) Complete the determination by the electrolytic method (Paragraphs (e) to (g)) 
or the gravimetric method (Paragraphs (A) to (/))• The electrolytic method is to be 
preferred in analyses of the highest accuracy, 3iid if over 0.25% of copper is present. 

Electrolytic Method — (e) Transfer the ammoniac.il solution (Paragraph (c)) to a 
250-ml. beaker, neutralize with H 2 S0 4 (1:1). add an excess of 5 ml. of H 2 S0 4 (1:1), 
and then add 4 ml. of HN0 3 (1:1). Dilute the solution to 200 ml. Adjust the 
anode and weighed cathode, cover the beaker with split watch glasses, and electro- 
lyze at a current density of 0.5 amp. per sq. dm. until the solution becomes colorless 
(about 2 hr.). Rinse the cover glasses and the exposed stems of the electrodes and 
sides of the beaker. Continue the electrolysis for 30 min. and test for complete 
deposition (0.3 to 0.5 ml. of the electrolyte should not give a brown color with 0.3 
to 0.5 ml. of freshly prepared H 2 S water). 

(f) When deposition of the copper is complete, lower the electrolytic beaker 
quickly, with tire current still on, while rinsing the cathode with water from a 
wash bottle. 51 Turn off the current, quickly detach die cathode and rinse it in a 
beaker of water, and then dip it in two successive baths of ethanol or methanol. 
Dry in an oven at 1 10°C. for 3 to 5 min., cool in a desiccator, and weigh the deposit 
as metallic copper. 52 

so if an appreciable amount of silica has separated, it may be removed by filtration 
before proceeding further. - 

91 In work of high accuracy, recover traces of copper in the electrolyte by the su 
colorimetric method. . . _ 

52 Deposits of copper may be removed by immersing the cathode in HNO3 (tri). ” n ® 
with water, then boiling with fiesh HNO3 for 5 to 10 min., rinsing with water, ana 
igniting strongly for IQ to 25 mm over one or two large Meker burners. 
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(g) Calculation.— Calculate the percentage of copper as follows: 

A 

Copper, per cent = — X 100 


where A = grams of CuO, and 

B = grams of sample used. 

Gravimetric Method (Copper Under 0.25%).— (/i) Neutralize the ammoniacal 
solution (Paragraph (c)) with H 2 S0 4 (1:1), add 4 ml. in excess, and adjust the 
volume to about 100 ml. Heat to boiling, and saturate with H 2 S as the solution 
cools. Allow to settle and filter. Transfer all the precipitate to the paper, and 
wash diorouhly with H 2 S wash solution. 

(i) Transfer the paper and precipitate to a small porcelain or quartz crucible 
that has been weighed with cover. Heat under good oxidizing conditions until 
carbon has been destroyed, and then ignite to constant weight at 900° to 1000°C. 
Cover, cool over a good desiccant, and weigh as CuO. 

(j) Calculation.— Calculate the percentage of copper as follows: 

A X 0.799 

Copper, per cent = — X 1UL) 


where A = grams of copper, and 
B = grams of sample used. 


2. Carbon Steels— Determine copper in accordance with the procedure described 
in Section 1, using 10 g. of the sample. 

5. Alloy Steels.— Most alloy steels may be analyzed as described in Section I. 

4. Tungsten Steels.— (a) To 5 g. of the sample, add 100 ml. of HC1 (1:1), and heat 
gently until the sample has dissolved. Carefully add 20 ml. of HNO a (1:1), and 
boil gently until the tungstic acid becomes bright yellow. Dilute the solution to 
150 ml. with boiling water, digest for a few minutes, filter, and wash with HC1 
(1:9). Reserve the residue. 

(b) Add 15 ml. of H 2 S0 4 to the filtrate, evaporate just to white fumes, cool, and 
add 100 ml. of water. If a small residue of tungstic acid separates, filter, and wash 
with H 2 S0 4 (5:95). Add 5 g. of tartaric acicl to the clear filtrate, neutralize with 
NH 4 OH, adjust the acidity to 5% by volume with H 2 S0 4 , heat to boiling, and 
pass a rapid stream of H 2 S into the solution for 10 to 15 min. Let the precipitate 
settle, filter, and wash with H 2 S wash solution. 

(c) Add NH 4 OH to the residue (Paragraph («)), add 5 g. of tartaric acid, and 
then add sufficient H 2 S0 4 to have an excess of 5 ml. per 100 ml. of solution. Pass 
H 2 S into the solution until precipitation is complete, filter, and combine with the 
main sulfide precipitate (Paragraph (5)). 

(d) Complete the determination as described in Section 1 ( b ) to (j). 

5. Cast Iron and High-Silicon Steels.-(a) Dissolve 5 g. of the sample in 100 ml. of 
H 2 S0 4 (1:5). When solution is complete, evaporate to dense white fumes. Cool 

somewhat, dilute to 100 ml. with warm water, heat until salts have dissolved and 
filter. ’ 


(b) Wash the residue with hot water and ignite in platinum at a temperature 
not exceeding 550°C. Add 2 ml. of H 2 S0 4 (1:1) and 3 to 5 ml. of HF, evaporate 
to dense white fumes, cool and add to the main filtrate. Dilute the filtrate to 
500 ml with hot water, and complete the determination as described in Section 1 
6. Wrought Iron and Open-Hearth Iron.-Ve termme copper in accordance with 
die procedure described in Section 1, using 10 g. of the sample. 
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THE THIOSULFATE-IODIDE METHOD 

Reagents, (a) Sodium Thiosulfate Solution (500 g. per liter). — Filter, if nat 
clear, before using. 

(b) Hydrogen Sulfide Wash Solution.— Saturate H..SO., (1:99) with H^S. 

(c) Ammonium Bifluoride Solution (200 g. per liter). 

(d) Standard Sodium Thiosulfate Solution (1 ml. = 0.001 g. Cu, approximately 
0.02 N ).— To standardize, transfer 0.05 g. of copper to a I50-mI. beaker, cover, and 
dissolve the copper in i to 5 ml. of HN0 3 (3:5). Boil gently until brown fumtj 
have been expelled. Cool, and add NH 4 OH until the solution just turns blue 
Acidify with acetic acid ami add 1 ml. in excess. Continue as described in Section 
1 (c) below. 

(e) Starch Solution. 

Procedure. 1. Copper Steels.— (a) Transfer 5 g. of the sample to a 600-ml. beater, 
add 100 ml. of H«S0 4 (1:9), and heat gently until action ceases. Dilute to 250 ml., 
heat to boiling, add 10 ml. of Na a S 2 0 3 (500 g. per liter), and continue the boiling 
for 5 to 10 min., or until the precipitate settles rapidly. Filter immediately, trans- 
fer all the precipitate to the paper, and wash the paper and precipitate well with 
HgS wash solution. 

(b) Place the paper and precipitate in a porcelain or silica crucible, dry, and 
ignite at a low temperature (520° to 550°C.; conveniently in a muffle furnace) unul 
all carbon is destroyed. Cool and transfer the totuents of the crucible to a 250 ml 
beaker. Add 5 to 6 ml. of HNO a (3:5) to the crucible, warm gently, and pour upon 
the residue in the beaker. Rinse the crucible with a little water and warm the 
beaker and contents until the copper oxide has dissolved. Carefully evaporate die 
solution to a volume of 2 to 3 ml. in order to expel most of the acid. Cool, add 
30 ml. of water, 83 and add either 5 ml. of NH 4 HF 2 solution (200 g. per liter) or 
1 g. of NaF to prevent interference lay ferric iron. Then add NH,OH until the 
solution just reacts alkaline to litmus. Cool the solution to room temperature. 
Acidify with acetic acid and add 1 ml. in excess. 

(c) Add 3 to 4 g. of K.I dissolved in a little water, stir well, and immediately ti- 
trate with NaoSgOg (l ml. = 0.001 g. Cu). When the brown tint has nearly dis- 
appeared, add 5 ml. of starch solution and continue the titration until one drop 
changes the color from blue to yellowish white, persisting for 15 to 20 sec. 

(d) Calculation.— Calculate the percentage of copper as follows: 


Copper, per cent = X 100 


where A = milliliters of Na 2 S 2 03 solution required for titration of the sample, 

B - copper equivalent of the Na 2 S 2 0 3 solution, in grams per milliliter, and 
C = grams of sample used. 


2. Carbon Steels .— Determine copper in accordance with the procedure desert e 

in Section 1, using 10 g. of the sample. . a 

3. Alloy Steels .— Most alloy steels may be analyzed as described in Section l, usin e 
5 or 10 g. of the sample. When vanadium is present, it will be necessary to 15 

83 Since molybdenum and vanadium interfeie partly in this method, it is ncces ^’ ^ 
the steel contains more than 0 25% of molybdenum or 0.05% of vanadium, to sq> 
these elements from copper by treatment at this point with NaOH as described m 
graphs (b) and (e) of the Gravimetric Method. 
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solve the precipitate of CuS (Section 1 (a)) ancl reprecipitate with H 2 S, before pro- 
ceeding in accordance with Section 1 (b). Mr] n . n d 

4. Tungsten Steels.-(a ) To 5 g. of the sample, add 75 ml. of HCl ( .1 :), and 
heat o-ently until the sample has dissolved. Carefully add 15 ml. of Fli\U 3 (l. ) 
and boil gently until the tungstic acid becomes bright yellow. Dilute the solution 
to 100 ml. with boiling water, digest for several minutes, filter, ancl wash with 
HCl (1:9). For recovery of copper held by tungstic acid, see the section on pro- 
cedure for copper in Tungsten Steels, Paragraph (c). 

(b) Add 10 ml. of H 2 S0 4 to the filtrate and evaporate to dense white fumes. 
Cool, dilute to 200 ml., and heat to boiling. Add 20 ml. of Na 2 S 2 0 3 (500 g. per 
liter), boil for 5 min., and complete the determination as described in Section 1. 

5. Cast Iron and High-Silicon Steels.-(a) Dissolve 5 g. of the sample in 100 ml. 
of H.,S0 4 (1:4). When solution is complete, evaporate to dense white fumes. 
Cool somewhat, dilute to 100 ml. with warm water, and heat until salts have dis- 
solved. Filter, and wash the residue with hot water. Ignite in platinum at a tem- 
perature not exceeding 550°C. Add 2 ml. of H 2 S0 4 (1:1) and 3 to 5 ml. of HI*, 
evaporate to dense white fumes, and cool. Add 10 ml. of water and filter into the 
main filtrate, washing the residue with hot water. 

(b) Dilute the filtrate to 250 ml. and heat to boiling. Add 20 ml. of Na 2 S 2 0 ;i 
(500 g. per liter), continue the boiling for 5 min., and complete the determination 
as described in Section 1. 

6. Wrought Iron and Open-Hearth Iron .— Determine copper in accordance with 
the procedure described in Section 1, using 10 g. of the sample. 


THE NEOCUPROINE (PHOTOMETRIC) METHOD (E30-60T) 

Scope and Application .— This method covers the determination of copper in 
steels ancl cast irons in the range from 0.01 to 2.00%. 

Summary of Method .— After solution in nitric acid, or nitric and hydrochloric 
acids, as the case may require, and fuming with perchloric acid, the salts arc dis- 
solved, and silver, if present, is removed with hydrochloric acid. Any insoluble 
matter is filtered off and the copper reduced in a citrate solution with hydrox- 
ylamine hydrochloride. The reduced copper is reacted with an ethanol solution 
of neocuproine, the complex extracted with chloroform, and the transmittance 
measured at 455 m /*. 

Concentration Range .— The recommended concentration range is from 0.010 to 
0.15 mg. of copper in 25 ml. of solution, using a cell depth of 1 cm. (Note 14). 

Note 14.— This method has been written for a cell having a 1-cm. light path. Cells 
having other dimensions may be used, provided suitable adjustments can be made in 
the amounts of sample and reagent used. 


Stability of Color .— The color is stable for at least 4 days. 

Interferences.— Ot the elements that can be present in steels and cast irons, only 
silver interferes directly. Provision is made in the method for its removal! In- 
soluble matter may be filtered off prior to color development. Traces of cyanide 
and sulfide interfere, but up to 5 ml. of phosphoric acid can be tolerated. 
Reagents, (a) Chloroform. 

(b) Copper, Standard Solution (1 ml. = 0.010 mg. Cu).~Transfer 0W of elec- 

Tdd y !n C ml PP ™ e n gh ^ n th r C n ™ est ™ t0 a 250 ' ml - &lenmeyer*flask and 

add 0 ml of HN0 3 (1:1). Cover, and heat gently to effect solution. When the 
metal has dissolved, add a ml. of HC10 4 and evaporate to fumes. Boil <mntly 5 
mm. and cool. Add 25 ml. ot water, heat to boiling, and boil gently 2 min. 



690 


ALLOYS: IRON AND STEEL 

evolve chlorine. Cool, transfer to a 1000-ml. volumetric flask, dilute to the mail, 
and mix. Transfer 100 ml. to a second 1000-ml. volumetric flask, dilute to the 
mark, and mix. This solution contains 0.010 mg. Cu per ml. 

(c) Hydroxylaminc Hydrochloride Solution (100 g. per liter).— Dissolve 10 g. of 
hydroxyiamine hydrochloride (NH^OH'HCl) in 100 ml. of water. 

(d) Neocuproine Solution (1 g. per liter).— Dissolve 0.1 g. of neocuproine (2,3- 
dimethyl-1, 10-phenanthroline) in 100 ml. of ethanol (Note 15). 

Noie 15.— Some grades of denatured ethanol form unsuitable turbid solutions. Absolute 
methanol may be used, if desired. 

(e) Sodium Citrate Solution (300 g. per liter).— Dissolve 300 g. of sodium citrate 
in GOO ml. of water and dilute to I liter. 

Preparation of Calibration Curve, (a) Calibration Solutions.— By means o( a 
25-ml, buret, transfer 2, 4, 6, 8, 10, 12, and 15 ml. of copper solution (1 ml. = 0010 
mg. Cu) to seven 150*ml. beakers. To each beaker add 50 ml. of water, 10 ml. of 
the sodium citrate solution, and 5 ml. of the hydroxyiamine hydrochloride solu 
tion. Stir well for 30 sec. (Note 16) and add 10 ml. of the neocuproine solution. 
Again stir and, using a pH meter, adjust the pH of the solution to about 5 with 
NH 4 OH (1:1) (Note 17). Transfer die solution to a 250-ml. pear-shape separatory 
funnel, add 10 ml. of chloroform, and shake for 30 sec. After the aqueous and or- 
ganic layers have separated, transfer die chloroform layer into a 25-ml. volumetric 
flask containing 4 ml. of ethanol. Make a second extraction witli 5 ml. of chloro- 
form and separate as before. Dilute to the mark with ethanol and mix. 

Note I6-— Use of a magnetic stincr is Tccomincmkil for the stimng operation. 

Notl 17— Since the reaction of copper with the reagent is complete within the pH 
range of 2-3 to 9 0, this adjustment can be made with pH paper; however, in highly- 
colored volutions use of a pH meter is pteferabic. 

(b) Reference Solution.— Carry a reagent blank through all the steps of the pro- 
cedure as directed in Paragraph (a). 

(c) Photometry.— Transfer a portion of the reference solution to the absorption 
cell, and adjust die photometer to the initial setting, using a light band centered 
at appioxinutcly 455 m/t. "While maintaining this photometer adjustment, take 
the photometric readings of die calibration solutions. 

(d) Calibration Curve.— Plot the photometric readings of the calibration solu- 
tions against milligrams of copper per 25 ml. of solution. 

Procedure.— (a) Weigh to the nearest 1 mg. the amount of sample specified in 
Table 24-2, and transfer to a 250-ml. beaker. Add 15 ml. of HN0 3 for plain car ’ 
bon steels and cast irons, 10 ml. of HNO s and 5 ml. of HCl for low-alloy Steels 
and alloyed cast irons, and 10 ml. of HCl and 5 ml. of HNO s for stainless stees. 
Cover and heat gently until the sample has dissolved. 

(5) "Wash cover and sides of beaker and add I ml. of HF (48%) for alloys con- 
taining more than 1.5% silicon, and add 0.5 ml. for those containing l«s- Add 
15 ml. of HC10 4 and evaporate to fumes; boil gently 5 min. and cool. Disso ve 
salts in 75 ml. of water. 

(c) If any silver is present in the alloy, add 1 ml. of HCl at tin's point. Fiber, 

if necessary, into a 200-ml. volumetric flask. Wash three times with 1% HUU 4 
and discard residue. Dilute to the mark and mix. j.q 

(d) By means of a pipet transfer the proper size aliquot (Table 24-2) to 2 , 
ml. beaker. Proceed as described in Paragraph (a), Preparation of Calibration 
Curve. 
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Copper, per cent 

Sample 
Size, g. 

Aliquot, 

ml. 

Copper Con- 
tent, mg. 

0.01 to 0.15 

1.0 

20.0 

0.01 to 0.150 

0.10 to 0.25 

1.0 

10.0 

0.05 to 0.125 

0.20 to 0.50 

0.5 

10.0 

0.05 to 0.125 

0.40 to 1.00 

0.5 

5.0 

0.05 to 0.125 

0.80 to 2.00 

0.25 

5.0 

0.05 to 0.125 


(e) Reference Solution.— Add 50 ml. of water to a 150-mi. beaker and proceed 
as described in Paragraph (a) of Preparation of Calibration Curve. 

(£) Photometry.— Take photometric readings of the sample solution as described 
in Paragraph (c) of Preparation of Calibration Curve. 

Calculation.— Convert the photometric reading of the sample solution to milli- 
grams of copper by means of the calibration curve. Calculate the percentage of 
copper as follows: 

„ A 

Copper, per cent = — x — 

where A = milligrams of copper found in the aliquot used, and 
B = grams of sample represented in the aliquot used. 


NICKEL 


THE DIMETHYLGLYOXIME METHOD 

Reagents, (a) Tartaric Acid Solution (250 g. per liter).— Dissolve 250 g. of tar- 
taric acid in 600 ml. of -water, filter, add 10 ml. of HNO a , and dilute to 1 liter. 

(b) Alcohol Solution of Dimethylglyoxime (10 g. per liter). 

(c) Tartaric Acid Solution (20 g. per liter).— Dilute 80 ml. of tartaric acid (250 g. 
per liter) (Paragraph (a)) to 1 liter. 

(d) Potassium Thiocarbonate Solution.— Saturate 125 ml. of KOH 50 g. per 
liter) with H 2 S. Add 125 ml. of KOH (50 g. per liter) and 10 ml. of CS., and heat 
moderately. Decant the dark red liquid from die undissolved CS., and keep in a 
tightly dosed flask. 

(e) Ethyl Ether. 

Procedure. 1. Nickel Steels Containing 0.03 to 3.3% Nickel.— (a) Transfer 1 <*. 
of the sample ** to a 400-ml. beaker, cover, and add 60 ml. of HCi (l:i).ss Warm 


If the steel contains under 1% of nickel, 2- or 3-g. samples may be used with corre- 
sponclingly larger amounts of tartaric acid. For steels containing more than 3 W of 

hrtS' eUl Y 2 S3II l ple ec l uivalent t0 ab0llt °' 035 §• of nickel, or a suitable aliquot of a 
larger sample may be used, 1 

of hm HNofwS) 186 ° f chromium is under °- 5 %’ the sam P le may be dissolved in 50 ml. 
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until decomposition is complete, aud then cautiously add 10 ml. of HN0 3 (];n 
Boil until iron and carbides are oxidized and brown fumes have been expelled 
Dilute to 200 ml. with hot water. Add 20 ml, of tartaric acid (250 g. per liter), 
neutralize with NH 4 OH, and add 1 ml. of NH 4 OH in excess. Filter, and 
the paper and residue with hot water containing a little NH 4 OH and NH 4 CI. Add 
HC1 until slightly acid, warm to about 60® to 80° C., aud add 20 ml. of dimethyl 
glyoxime solution (10 g. per liter). Add NH 4 OH until slightly alkaline, and di 
gest for 30 min. at about 60®C. Cool to room temperature, 50 

(b) Complete the determination by the gravimetric method (Paragraphs (c) to 
(/)) or the electrolytic method (Paragraphs (g) to (/)). 

Gravimetric Method.— (c) Filler through a weighed Gooch crucible under light 
suction, but do not allow the mat to run dry; wash the precipitate thoroughly 
with cold water. Fritted-glass or other porous crucibles may also be used. If 
{rittcd-glass crucibles arc used, it is advisable to allow a thiu mat of the ptttvptait 
to form before strong suction is applied. Add 5 ml. of dimethylglyoxime (JO g, 
per liter) and 0.5 ml. of NH 4 OH to the filtrate and washings. Stir, and allow to 
stand to determine whether precipitation is complete. 

(d) If appreciable cobalt (over 1%) or copper (over 4%) is present, add suffi 
cient dimethylglyoxime to take care of them as well as the nickel, and preferably 
reprecipitate the nickel as follows: when the precipitate lias been washed, dis- 
continue the suction, place the original beaker under the funnel, and add a hot 
mixture of 20 ml. of HC1 (1:1) and 5 ml. of HNO v After 1 min., apply suction 
until dry, repeat the ticatmcnt with 25 ml. of the HC1-HN0 3 mixture, drain, and 
wash thoroughly with 50 ml. of hot tartaric acid (20 g. per liter). Nearly neutral- 
ize the absolutely clear solution with NH 4 OH and precipitate with dimethylglyox 
ime and NH 4 OH as before. A dimethylglyoxime precipitate contaminated by co- 
balt is a darker red than a pure nickel dimethylglyoxime. 

(e) Dry the precipitate (Paragraph (c) or (</)) at 150®C. to constant weight. Cool 
in a desiccator and weigh as nickel dime tlvylgly oxime. 

(f) Calculation.— Calculate the percentage of nickel as follows: 


Nickel, per cent 


A X 0.2032 
B 


X 100 


where A = grams of nickel dimethylglyoxime, and 
B = grams of sample used. 

Electrolytic Method.— (g) Filter the nickel dimethylglyoxime precipitate (Para- 
graph (a)) on a 12- or 15-cm. paper and wash thoroughly 18 to 20 times with hot 
water. 

(Ii) Dissolve the precipitate in hot HNO a (1:8) and wash the filter thoioughJy 
with hot water. Add 20 ml. of HnSC^ (1:1) and evaporate to dense white fumes. 
Cool somewhat, add 10 ml. of HNO a , and repeat the evaporation to dense « ,,te 
fumes. Rinse the cover and sides of the beaker with water and heat die so uuo» 
to white fumes again to insure the expulsion of every trace of the HN0 3 . 00 ' 

add 50 ml. of cold water, and heat until salts are dissolved. 

(i) Neutralize with NH 4 OH and add an excess of 25 ml. of NH 4 OH. Di 
175 ml. and electrolyze at a current density of from 1 to 2 amp. per sq- m * 

5 « If the amount of nickel is small (under 0-2%), or if much cobalt h preseut^the so!u 
lion should be allowed to stand at loom temperatme overnight anti niter 
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tinue the electrolysis until the solution has become colorless (5 to 8 hr.). The 
solution may be tested for complete electrolysis by addmg one or two drops o it 
to 1 ml. of potassium thiocarbonate solution. A pink or red coloi indicates 

when 'deposition ot the nickel is complete, lower the electrolytic beaker 
quickly, with the current still on, while rinsing the cathode with water from a 
wash bottle. Turn off the current, quickly detach the cathode and nnse it m a 
beaker of water, and then dip it in two successive baths of ethanol or methanol. 
Dry in an oven at 110°C. for 3 to 5 min., cool (preferably in a desiccator), and 
weigh the deposit as metallic nickel. 

(k) In very accurate work, dissolve the deposit in warm HNO a , wash the cathode 
with water, then alcohol, dry for a few minutes at 110 C., and reweigh. 

(l) Calculation.— Calculate die percentage of nickel as follows: 


Nickel, per cent = — X 100 


where A = grams of nickel, and 
B = grams of sample used. 


2. High-Chromium, High-Nickel Steels (20% Chromium, 20% Nickel ; 18% 
Chromium, 8% Nickel; etc.).— Transfer 0.35 to 0.5 g. 37 of the sample to a 400-ml. 
beaker, and add 20 ml. of HC1 (1:1) and 20 ml. of HNO. { (1:1). Heat until solu- 
tion is complete, add 20 ml. of HCIO.,, and evaporate to fumes (for low-carbon, 
low-silicon alloys this latter step may be omitted). Cool somewhat, and add 100 
ml. of water. Warm until salts dissolve, filter, and complete the determination 
as described in Section 1, adding sufficient dimethylglyoxime (10 g. per liter) to 
precipitate all of the nickel (20 to 40 ml.). 

3. Carbon Steels and Other Steels Containing Under 0.03% Nickel.— (a) Trans- 
fer 5 g. of the sample to a 400-ml. beaker and add 40 ml. of HC1 (1 :1). Heat until 
solution is complete, and then carefully add 15 ml. of HNO ;{ (1:1). Evaporate to 
a volume of about 15 ml. and add 50 ml. of HC1 (1:1). 

(b) Transfer to a 200-ml. separatory funnel, rinsing the beaker with several 15-ml. 
portions of HC1 (1:1). Cool to 10°C., add 120 ml. of ethyl ether, and carefully 
shake for 1 to 2 min. in a stream of cold water. Let settle for several minutes 
and then draw off the lower clear solution into the original beaker. 

(c) Gently heat the solution in the beaker to expel the ether (avoid free flames). 
Add 0.3 g. of KC10 3 , boil until the KC10 3 is decomposed, dilute to 100 ml., and 
add 3 g. of tartaric acid. Make the solution alkaline with NH.,OH and filter. 
Acidify with HC1 and complete the determination as described in Section 1. 

Cast Iron and High-Silicon Steels.-(a ) Dissolve 5 g. of the sample in 40 ml 
of HC1 (1:1), carefully add about 15 ml. of HNO s (1:1) to oxidize the iron and 
evaporate to dryness. Drench the hot, dried mass with 10 ml. of HC1 and then 
dilute with 75 ml. of hot water. Filter, wash with HC1 (1:1), and evaporate the 
filtrate to a sirupy consistency. 

(b) Add 50 ml. of HC1 (1:1), transfer to a 200-ml. separatory funnel, rinse the 
beaker with several small portions of HC1 (1:1), add 120 ml. of ethyl ether and 
complete the determination as described in Section 3. ' 


5 ‘ If the percentage of chromium 
of hot HN0 3 (1 ;3). 


is under 0.5%, the sample may be dissolved in 50 ml. 
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5. High-Nickel, Chromium Alloy Cast Iron (15% Nickel, 6% Copper, 2% Chy 
mium; etc.).— (a) Transfer 2.5 g. of the sample to a 400-ml. beaker or flask and 
add a mixture of 25 ml. of HC1 and 25 ml. of HN0 3 , When solution is complete 
add 30 ml. of HC10 4 and 5 to 10 drops of HF, and fume for 10 to 15 min. after 
the chromium has been oxidized. Cool somewhat, add 100 ml. of water, and heat 
to boiling. Filter and wash well with HC1 (5:95), catching the filtrate and wash' 
ings in a 250-ml. volumetric flask. 58 Mix the contents, cool to room temperature, 
dilute to the mark, and mix thoroughly, 

(6) Pipct 50-ml. aliquots and proceed by the dimethylglyoxime-electrol)ti( 
method as described in Section 1 (a), (6), and (g) to (1). Either dissolve and re 
precipitate the nickel dimethylglyoxime (Section 1 (d)), or determine any oc 
eluded copper in the deposit and correct the results accordingly. 

6. Open-Hearth Iron and Wrought Iron .'- Determine nickel in accordance wit! 
the procedure described in Section 3. 

7. Nickel Wrought Iron .— Determine nickel in accordance with tire procedur 
described in Section 1. Dissolve the first dimethylglyoxime precipitate and agaii 
precipitate nickel with dimethylglyoxime as directed in Section 1 (d). 


THE CYANIDE TITRATION METHOD 


Reagents, (a) Sulfuric-Citric Acid Mixture.— Dissolve 200 g. of citric acid in 1 liter 
of cool H 2 S0 4 (1:9). 

(b) Standard Silver Nitrate Solution (I ml. = 0.001 g. Ni). 

(c) Potassium Iodide Solution (100 g. per liter). 

(d) Standard Potassium Cyanide Solution (I ml. = 0.001 g. Ni).— Dissolve 4.5 g. 
of KCN in 1 liter of water containing I g. of KOH and standardize against the 
standard AgN0 3 solution. The KCN solution changes with age, so it must be 
standardized frequently. 

(e) Ethyl Ether. 

(f) Hydrogen Sulfide Wash Solution.— Saturate HC1 (1:99) with H«S. 

Procedure. I. Nickel Steels. 

(1) Titration Following a Preliminary Precipitation with Dimethylglyoxime.^ 
—(a) Precipitate the nickel in 1 g. of the sample as described in Section 1 («)• 
Dissolve die washed precipitate with a hot mixture ol 20 ml. of HC.1 (1'V; wr/i 
5 ml. of HN0 3 in a 400-ml. beaker. 60 Evaporate the solution to 50 ml. or until 
free of dimethylglyoxime and oxidizing gases. Cool the solution and add 10 ml. 
of sulfuric-citric acid mixture. Make nearly alkaline with NH 4 OH, again cook 
dilute to 200 ml., and complete the neutralization as follows: add exactly 2 ml. ° 
AgNO a (1 ml. = 0.001 g. Ni) and, if no precipitate appears, add HCI (1:10) unti 
a precipitate of AgCl forms. Then add NH 4 OH (1:1) drop by drop, while stirring 
constantly, until the precipitate just dissolves. Add 3 ml. of NH 4 OH and 2m- 
of K1 (100 g. per liter) and titrate with KCN ( 1 ml. = 0.001 g- Ni), while stirring 
constantly, until the solution becomes perfectly clear. 

(b) Determine the volume of KCN solution equivalent to exactly 2 ml- o tie 
AgNQ 3 solution. 


sa The residue sometimes contains appreciable amounts of nickel. This may 
covered by igniting, treating with HF. evaporating, fusing the residue with a smaii am 
of K 2 S,,Oj, dissolving, and adding to the main solution. 

59 This method may be applied to steels containing cobalt, copper, 3nd tu f h - tl M be 

60 If the steel contains more than 4% of copper or 2% of cobalt, the nickel sn 
reprecipitated with dimethylglyoxime as described in Section 1 (d). 
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(c) Calculation.— Calculate the percentage of nickel as follows: 

{A B)C ^ inn 

Nickel, per cent = ^ X -luu 

where A = milliliters of KCN solution required for titration of the sample, 

B = milliliters of KCN solution equivalent to the AgN0 3 solution added, 

C = nickel equivalent of the KCN solution, in grams per milliliter, and 
D — grams of a sample used. 

(2) Titration Following a Preliminary Extraction with Ether.«-(«) Transfer 1 
g of die sample to a 150-ml. beaker, cover, and add 20 ml. of HC1 (5:2). When 
reaction ceases, carefully add 4 ml. of HN0 3 (5:2), and boil until brown fumes 

have been expelled. . 

(b) Cool, transfer the solution to a 200-ml. separatory funnel, and rinse the 
beaker with HC1 (5:2). Cool to 10°C., add 40 ml. of ethyl ether (perform this 
operation away from open flames or hot plates), and shake gently for a few min- 
utes. Let settle for 2 min., and draw off the acid layer into a 250-ml. beaker. Add 
5 ml. of HC1 (5:2) to the ether portion. Cool, shake, let settle for 1 min., draw 
off the acid layer, and add it to the main extract. 

(c) Hejit gently to expel dissolved ether, add 0.2 g. of KC10 3 , ancl boil until the 
chlorine is driven off. Dilute to 100 ml. with water, neutralize witli NH.,OH, add 
an excess of 3 to 4 ml., and boil for a few minutes. Filter and wash with hot 
water. Add 10 ml. of HC1 to the filtrate, heat just short of boiling, and pass FLS 
into the solution. Filter and wash with H 2 S wash solution. 

(d) Boil to expel HUS. Cool, dilute to 200 ml., add 10 ml. of the sulfuric-citric 
acid mixture, and complete the determination as described in Section (1). 


THE DIMETHYLGLYOXIME (PHOTOMETRIC) METEIOD (E30-G0T) 
(FOR ALLOYS CONTAINING NOT MORE THAN 4% NICKEL) 

Summary of Method.— Nickelous ions, oxidized by means of iodine, react with 
dimediylglyoxime in an ammoniacal medium to form the soluble colored com- 
pound, nickel dimethylglyoxime. 

Concentration Range .— The concentration range should not exceed 0.3 mg. of 
nickel in 50 ml. of solution, using a cell depth of 1 cm. (Note 17A). 

Note 17A.— This procedure has been written for cells having 1-cm. and 2-cm. light paths 
and a “narrow-band" instrument. The concentration range depends upon band width 
and spectral region used as well as cell depth; calibration data should cover the ranee of 
20 to at least 70% transmittance. b 

Stability of Color— In the absence of manganese, copper, and cobalt, the color 
develops fully widiin 1 or 2 min., and it is stable for 20 to 30 min. 

Interfering Elements.-(a ) Copper, manganese, and cobalt interfere by forming 
colored compounds with dimethylglyoxime. The method provides for the deriva- 
tion of correction factors (Note 18) which permit the accurate determination of 
nickel in the presence of limited amounts of these elements. 


Note 18. In many types of alloys the interfering elements are too low to be significant 
as indicated by the following nominal values for the correction factors- „ l r u 

0.004 to 0.007; F(Co>, 0.008 0.004. The corrects may oi a LmUmf ^ 

sten T1US meth0d 1S not a PP licable steels containing cobalt or more than 1% of tung- 
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rection may be made in lieu ot the following sections on evaluation of copper, manganese, 
and cobalt interference, depending upon the nature of the sample and the accuracy re- 
quired. 

( b ) Copper induces fading of the nickel dimethylglyoxime, which is not serious 
until 10 min. has elapsed after adding dimethylglyoxime. However, if the ratio 
of copper to nickel is above a critical level (sec Table 24-3), fading precludes the 
possibility of accurate measurement of the absorbance, and the correction tactor 
is not valid. In extreme cases, copper must be removed prior to the determination 
of nickel. 

(c) The rate of fading due to the presence of copper increases with temperature 
above 25*C. This requires that two correction factors be determined, one to 
apply at temperatures below 25"C., and the other to apply within die range of 
25" to 30°C. The method cannot be applied at higher temperatures unless the 
copper content of the solution is less than 0.1 mg. 


Table 24-3. Sample Size and Dilution Guide 


Ni, per cent 

Sample, 
g. per 

200 ml. 

Aliquot, 
mi. 0 

Nickel 
Added to 
Aliquot, 
mg. 

Celi 

Length, 

cm. 

0.01 to 0.1 5 

(Mn, 3% max.; 

Cu, 1% max.) 

0.500 

20 

0.08 

2 

0.01 to 0.1 5 . . . 

(Mn, 4% max. ; 

Cu, 1.3% max.) 

0.500 

15 

0.08 

2 

0.15 to 0.65 

(Mn, 4% max. ; 

Cu, 1.3% max.) 

0.500 

15 

0 

1 

0.35 to 1.10 

0.500 

10 

0 

1 

0.70 to 2.10 

i 0.240 

10 

0 

1 

1.90 to 4.15 

(Mn, 4% max. ; 

Cu, 2.0% max.) 

; 0.120 

l 

10 

0 

1 


“ Go not to exceed 2 mg. 

(<i) Manganese may retard die color development noticeably if the ratio of man- 
ganese to nickel is high; above die critical level of this ratio (see Table 24-3) it is 
necessary to add nickel to the sample solution to induce color development to 
take place within the lG-min. time interval. 
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( e ) Cobalt reacts with dimethylglyoxime, thus limiting the amount of nickel 
that may react with a given amount of the reagent. If cobalt is high, it is necessary 
to limit the amount of cobalt to 2.0 mg. in the aliquot used foi the nickel detei- 
mination. At this absolute level of cobalt not more than 0.15 mg. of nickel may 
be present without rendering the correction factor invalid. 

(/) The high-absorbance region of ferric citrate is avoided by measuring the ab- 
sorbance of nickel dimethylglyoxime at 540 m/t. 

Apparatus. Volumetric Flasks.-These should be of borosilicate glass, glass- 
stoppered, 200-ml. capacity. 

Reagents, (a) Ammonium Citrate Solution (540 g. per liter).— Dissolve 540 g. of 
ammonium citrate in water and dilute to 1 liter. Filter the solution, if necessary. 

(b) Dimethylglyoxime Solution.— Dissolve 1.0 g. of dimethylglyoxime in 500 ml. 
of NH 4 OH and dilute to 1 liter. 

(c) Iodine Solution (0.02 A).— Dissolve 8 g. of KI and 2.6 g. of iodine in a mini- 
mum of water and dilute to 1 liter. 

(d) Standard Nickel Solution (1 ml. = 0.4 mg. Ni).— Dissolve 0.4000 g. of high- 
purity nickel (containing not less than 99.7% Ni, and less than 0.1% each of Cu, 
Mn, and Co) in 15 ml. of hot HNO. ( (LI). Add 15 ml. of HC10 4 and evaporate 
to fumes. Cool, add 50 ml. of water, and digest until the salts are dissolved. Cool, 
dilute to 1 liter, and mix. 

(e) Standard Nickel Solution (1 ml. = 0.01 mg. Ni).— Transfer 25.00 ml. of the 
nickel solution (1 ml. = 0.4 mg. Ni) to a 1-liter volumetric flask, add 5 ml. of HC10 4 , 
dilute to volume, and mix. 

(f) Standard Nickel Solution (1 ml. = 0.016 mg. Ni).— Transfer 20.00 ml. of the 
nickel solution (1 ml. = 0.4 mg. Ni) to a 500-ml. volumetric flask. Add 5 ml. of 
HC10 4 , dilute to volume, and mix. 

(g) Standard Nickel Solution (1 ml. = 0.0060 mg. Ni).— Transfer 15.00 ml. of the 
nickel solution (1 ml. = 0.4 mg. Ni) to a 1-liter volumetric flask, add 5 ml. of 
HC10 4 , dilute to volume, and mix. 

(h) Standard Iron Solution (1 ml. = 5.0 mg. Fe).— Dissolve 2.50 g. of high-purity 
iron (containing less than 0.1% each of Ni, Cu, Mn, and Co) in 25 ml. of HC1 
(1:1) and add 3 to 4 ml. of HN0 3 and 30 ml. of HC10 4 . Heat to fumes, cool, 
dilute to 500 ml., and mix. 

(i) Standard Copper Solution (1 ml. = 0.1 mg. Cu).-Dissolve 0.100 g. of high- 
purity copper (containing less than 0.1% each of Ni, Mn, and Co) in 10 ml.^of 
HN0 3 , add 50 ml. of water, and boil for 5 min. Cool, dilute to 1 liter, and mix. 

(j) Standard Manganese Solution (1 ml. = 0.1 mg. Mn) .-Dissolve 0.100 g. of 
high-purity manganese (containing less than 0.1% each of Ni, Cu, and Co) in 10 
ml. of HN0 3 , add 50 ml. of water, and boil for 5 min. Cool, dilute to 1 liter, and 
mix. 

(k) Standard Cobalt Solution (1 ml. = 0.4 mg. Co).-Dissolve 0.200 g of high- 
purity cobalt (containing less than 0.1% each of Ni, Cu, and Mn) in°15 ml of 
HNO a , add 50 ml. of water, and boil for 5 min. Cool, dilute to 500 ml., and mix 

Preparation of Calibration Curve.-(a ) By means of pipets, transfer 5 10 15 
20, and 25 ml. of nickel solution (1 ml. = 0.01 mg. Ni for 1-cm. cells and" I ml = 
0.0060 mg. Ni for 2-cm. cells) to 50-ml. volumetric flasks. Add 5.0 ml. of ammonium 
citrate solution to each flask and mix. Add 5 ml. of iodine solution to each flask 
and mix. (Prepare a duplicate at each level of nickel.) 

(5) At each nickel level add 10 ml. of NH 4 OH (1:1) to one set to be used as a 
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reference solution, and 10 ml. of dimethylglyxominc solution to the other set, agi- 
tating during the addition. Dilute each solution to volume, stopper the flask, and 
mix. 

(c) Measure the transmittance of the test solution, 10 min. after adding the 
diraethylglyoxime, against the reference solution, at 540 m/t. Convert the transmit- 
tance to absorbance, A — log 1/T. 

(d) Transfer 15 ml. of water and 0.5 ml. of HC10 4 to each of two 50-ml. volu- 
metric flasks; prepare one solution as a reference solution and the other as a test 
solution and proceed according to Paragraph (a), and then add NH 4 OH (1:1) and 
dimethylglyoxime solution in accordance with Paragraph (b). Record the ab- 
sorbance as the reagent blank. 

(e) Fill the two cells with a reference solution and measure the transmittance 
at 540 m/i, convert to absorbance, and record as the cell correction. 

(/) Apply the cell correction to the absorbance values obtained in Paragraphs (c) 
and (d). Subtract the corrected absorbance for the reagent blank from the cor- 
rected gross absorbance (Paragraph (c)). 

(g) Calculate the ratio, mg. Ni/A, at eacli level of nickel. If the ratios are cbn- 
stant, within experimental error, calculate the average value of the ratios to find 
the factor to apply to convert absorbance to milligrams of nickel. If the ratios kre 
not constant, or if for other reasons it is desirable, plot the values obtained 
against milligrams of nickel per 50 ml. of solution. 

Evaluation of Copper Interference ( Note 18).— (<i) Transfer 5.00 ml. of nickel 
solution (1 ml. = 0.016 mg. Ni) and 10.0 ml. of iron solution (1 ml. = 5.0 mg. re) 
to each of four 50-ml. volumetric flasks. Transfer 5.0 ml. of copper solution (1 
ml. = 0.1 mg. Cu) to each of two of the flasks. 

(6) Add 5.0 ml. of ammonium citrate solution and 5 ml. of iodine solution to 
each flask. Treat the two solutions containing nickel, and, in turn, the two solu- 
tions containing nickel plus copper, in accordance with the section on preparation 
of calibration curve, (5) and (c), using 2-cm. cells. 

(c) Subtract the absorbance value obtained for nickel from that found for nickel 
plus copper and calculate the copper correction factor as follows: 


F(Cu) = 


FX 


A(C u) 
0.5 


where F — factor, mg. Ni/A (2-cm. cells), and 
A(Cu) = absorbance due to 0.5 mg. of copper. 

Evaluation of Manganese Interference (Note 18 ).— Transfer 5.00 ml. of nickel 
solution (1 ml. = 0.016 mg. Ni) and 10.0 ml. of iron solution (1 ml. = 5.0 mg. Fe) 
to each of four 50-ml. volumetric flasks. Transfer 5.0 ml. of manganese solution 
(1 ml. = 0.1 mg. Mn) to each of two of tile flasks. Proceed in accordance with the 
section on evaluation of copper interference, (b) and (c), with manganese sub- 
stituted for copper, to determine the manganese correction factor, F(Mn). 

Evaluation of Cobalt Interference ( Note 18).— (a) Transfer 5.00 ml. of nickel 
solution (I ml. = 0.016 mg. Ni) and 10.0 ml. of iron solution (1 ml. — 5.0 mg. Fe) 
to each of four 50-ml. volumetric flasks. Transfer 5.0 ml. of cobalt solution (1 ml. 
= 0.4 mg. Co) to each of two of the flasks. Proceed in accordance with the section 
on evaluation of copper interference, ( b ). . . 

(b) Subtract the absorbance value obtained for nickel from that found for nicke 
plus cobalt and calculate the cobalt correction factor as follows: 
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A(Co) 

E(Co) = F X -y^Q - 


where F — factor, rng. Ni/A (2-cm. cells), and 

4(Co) = absorbance due to 2.0 mg. of cobalt. 

Procedure— (a) Transfer the sample (Table 24-3) to a 200-ml. borosilicate glass 
volumetric flask, add 8 to 10 ml. of HC1 (1:1), and heat until the sample is decom- 
posed. Add 3 to 4 ml. of HNO ;1 , and 10 ml. of HC10 4 . If the silicon content of 
the sample is more than 1%, add 2 to 3 ml. of HF before adding the HC10 4 .. 

(ii) Fume to expel HC1 and HN0. 4 and, if tungsten is piesent, fume until the 
tungstic acid is bright yellow. Cool, add 50 ml. of water, and digest to dissolve the 
salts. 

(c) Cool, dilute to volume, and mix. Allotv insoluble matter to settle, or dry- 
filter before taking aliquots (Note 19). 

Note 19.— Deposits of silicic acid or tungstic acid that cling to the wttlls of the flask can 
be removed by means of NH 4 OH: it may, however, be desirable to dissolve the samples 
and fume with HC10 4 in an Erlenmeyer flask or a covered beaker. 


(d) Transfer identical aliquots (Table 24-3) to each of two 50-ml. volumetric 
flasks. If necessary (see Table 24-3), add 5.00 ml. of the nickel solution (1 ml. = 
0.016 mg. Ni). Add 5.0 ml. of ammonium citrate solution and 5 ml. of iodine solu- 
tion to each solution. Proceed in accordance with the section on preparation of 
calibration curve, (b), ( c ), and (/). 

( e ) Calculate the percentage of nickel as follows: 


Nickel, per cent 


where A 

F 
B 
Vi 
V 2 
W 

Cu, per cent 
F( Cu) 
Mn, per cent 
F(Mn) 
Co, per cent 
F( Co) 


[( A X F) - BWx X 100 
V 2 X W 


— Cu, per cent X F (Cu) 


— Mn, per cent 


X F(Mn) — Co, per cent X F(Co) 


= corrected absorbance, 

= factor, mg. Ni/.4, 

= nickel added, in milligrams, 

= dilution of sample solution, in milliliters, 
= aliquot of sample solution, in milliliters, 
= sample weight, in milligrams, 

= copper in the sample, in per cent, 

= copper correction factor, 

= manganese in the sample, in per cent, 

= manganese correction factor, 

= cobalt in the sample, in per cent, and 
= cobalt correction factor. 


CHROMIUM 

THE PERSULFATE OXIDATION METHOD 
Reagents, (a) Sulfuric-Phosphoric Acid Mixture.-Add slowly, while stirring 320 
ml. of H 2 S0 4 (1:1) to 600 ml. of water. Cool, and add 80 ml. of H.,PO,. 

(b) Silver Nitrate Solution (10 g. per liter). 4 

(c) Ammonium Persulfate Solution (150 g. per liter). -Prepare fresh as required. 

(d) Standard Ferrous Ammonium Sulfate Solution (0.08 N ).- To obtain the ratio 
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of the ferrous ammonium sulfate solution to the KAIn0 4 solution (Paragraph M) 
take 25 ml. of the ferrous ammonium sulfate solution, dilute to 350 ml. with cool 
H 2 S0 4 (5:95), add 2 ml. of H 3 P0 4 , and titrate with the KMn0 4 to a faint persistent 
pink tint. Determine the blank on the same volume of water and acids, deduct 
and calculate the volume of O/nO, that is equivalent to 1 ml. of the ferrous am- 
monium sulfate solution. The ratio of the ferrous ammonium sulfate solution to 
the KMn0 4 must be determined daily unless the ferrous solution is kept under 
hydrogen. Stronger solutions of ferrous ammonium sulfate and KMn0 4 may, 
of course, be prepared for use with high-chromium steels. Approximately 0.1 A ? 
solutions arc desirable with material containing over 3% chromium. 

(e) Standard Potassium Permanganate Solution (0.06 IV). 

Procedure. 1. Chromium Steels.— (a) Transfer 2 g. of the sample, for steels con- 
taining less than 2% chromium, to a 600-ml. beaker am! add 60 ml. of the H 2 S0 4 - 
H 3 P0 4 mixture. Heat until action ceases, cautiously add 10 ml. ot HNO a 
and boil until all carbides aic dissolved and brown fumes have been expelled. 
With steels containing between 2 and 5% chromium, dissolve 1 g. of the sample, 
evaporate until salts separate, dilute with about 50 ml. of warm water, add 5 to 
10 ml. of HNO a , and again carefully evaporate until salts separate. If carbides 
still persist, filter, wash the paper with warm water, ignite the paper and residue, 
fuse with Na 2 CQ 3 , and add the solution of the melt to the main solution. 

(5) After the sample is completely dissolved. dilute to 300 ml. with hot water and 
add 5 ml. of AgN0 3 (10 g. per liter) and 20 ml. of (NH 4 ) 2 S.,Ofl (150 g. per liter). 
Boil the solution lor 8 to 10 min. If the color of permanganic acid does not de- 
velop, add more AgNO a and (NH 4 ) 2 Sj0 8 , and again boil for 10 min. Add 5 ml. 
of HC1 (1:3) and continue the boiling for 5 min. after the pink color has just dis- 
appeared. If the permanganic acid color is not destroyed by boiling for 10 min., 
or if a precipitate of Mn0 2 remains, add 2 to 3 ml. more of HC1 (1:3) and boil as 
before. The total period of boiling after the addition of (NH 4 ) 2 S 2 0 8 shall be not 
less than 15 min., 30 min. will do no harm, provided the volume is maintained at 
approximately 300 ml. by the addition of hot water at intervals. 

(c) Cool the solution, dilute to 400 ml., and add a measured volume of 0.08 N fer- 
rous ammonium sulfate (25 ml. for steel containing under 1.5% chromium, 50 ml. 
for 1.5 to 3% chromium, etc-). Stir and titrate with the 0.0G A r KAIn0 4 62 until an 
end point is obtained that persists, upon continued stilting, for 1 min. 63 

(d) The titration must be corrected for dilution effect and color interference. 
The correction may be made: (1) empirically; 04 (2) by titrating the same volume of 

62 In the absence of tungsten, the eiul point may be obtained by pulcntiomctric titra- 
tion with standard ferrous ammonium sulfate solution. In this case, the ferrous solution 
is standaidized with lecrvstallized K 2 Ci 0 7 . Vanadium is included in this titration. » 
present, it must be determined and subtiactcd from the appateut chromium value (va- 
nadium, per cent x 034 = chromium, per ccm). With tungsten steels the potentiometnc 
procedure is modified by omitting H { PO . and oxidizing tungsten to tungstic acid witn 
HNOa (when H-,P0 4 is added to hold tungsten in solution the potentiometric end point 
with FeS0 4 is difficult to detect). 

63 In the absence of vanadium the hist end point is peitnanem, but if .vanadium 

present, the end point will fade at first, owing to the slow oxidation of vanadium from me 
quadrivalent to the quinquevalent stage in a cold solution. . 

b4 In this correction the dilution effect is ignored and the volume of KMn0 4 used in over- 
coming the green color is taken as equivalent to 0 6% of the chromium present, inc 
correction is usually applied to the chromium equivalent of the solution, as, for exarnpi . 
by using the equivalent 001744 g. instead of 001734 g. of chromium per milliliter ot i i 
ferrous ammonium sulfate solution. 
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0 08 N ferrous ammonium sulfate in a solution of like volume and acidity and 
containing the same amounts of the coloring elements m their final valencies, ox 
n\ by a second titration of the final solution. The last method is the mos con- 
lenient and satisfactory in occasional analyses, and may be performed by boding 
the solution that has just been titrated for 10 min. in older to destroy the ig 
excess of permanganate, cooling to room temperature and then utrating with 0.06 
N KMii 0 4 to the color that was originally taken as the end point. The titrated 
solution may be reserved for the determination of vanadium. 

(e) Calculation.— Calculate the percentage of chromium as follows: 


Chromium, per cent — 


[AB - (C- D)\E X 0.01734 


X 100 


where A = milliliters of ferrous ammonium sulfate solution added (Paragraph (c)), 

yj = milliliters of KMn0 4 solution equivalent to 1 ml. of the ferrous ammonium 
sulfate solution, 

C = milliliters of KMn0 4 solution required for titration (Paragraph (c)), 

D = milliliters of KMn0 4 solution required for the end point correction (Para- 
graph (< d )), 

E — normality of the KMn0 4 solution, and 
F = grams of sample used. 


2. High-Chromium, High-Nickel Steels.— (a) Transfer 0.5 g. of the sample to a 
600-ml. beaker and add 75 ml. of H 2 S0 4 (1:4). When solution is complete, evapo- 
rate until salts just separate, cool, dilute to 70 ml., and dissolve the iron salts. 
Oxidize the iron by the cautious addition of HN0 3 . Add 3 to 4 drops of HF and 
again evaporate to incipient fumes of H 2 S0 4 . Cool, dilute to 300 ml. with hot 
water, add 10 ml. of AgN0 3 (10 g. per liter) and 15 g. of (NH 4 ) 2 S 2 0 8 , and boil the 
solution for 10 to 12 min. Add 5 ml. of HC1 (1:3) and complete the determina- 
tion as described in Section 1 above. Stronger solutions of ferrous ammonium 
sulfate and KMn0 4 are more convenient for use with high-chromium steels. 

(b) The visual end point in high-chromium steels can be detected more easily when 
oxidation-reduction indicators are used, that is, 1,10-phenanthroline ferrous complex 
for the ferrous ammonium sulfate-potassium permanganate titration (Section 1) or 
diphenylamine sulfonic acid with a ferrous ammonium sulfate-potassium dichromate 
titration. With 1,10-phenanthroline (1 to 2 drops of the 0.025 M indicator) the 
end point in the ferrous ammonium sulfate-potassium permanganate titration is 
indicated by the change in color from pink to clear green (persisting for 60 sec.). 
With diphenylamine sulfonic acid, the chromic acid is titrated with the ferrous 
ammonium sulfate solution to a clear green end point. The ferrous ammonium 
sulfate solution in this case is standardized against either a standard chromium 
steel or pure K 2 Cr 2 0 7 . Vanadium, if present, will also be titrated with both indi- 
cators as in the potentiometric method. When 1,10-phenanthroline is used, the 
vanadium may be determined in the same solution, after the initial end point is 
obtained, by reducing the acidity of the solution with 23 g. of sodium acetate and 
titrating slowly at 50°C. with 0.06 N KMn0 4 to the green end point 

3. Cast Iron Containing Over 0.15% Chromium. -(a) Transfer 2 of the samnle 
to a 600-ml. beaker and add 60 ml. of the H.,S0 4 -H 3 P0 4 mixture. Heat until ac 
non ceases, add 15 ml. of HNO s (1:1), and boil until brown fumes have been ‘ ' 


ex- 


pelled. Evaporate until salts separate, dilute with about 50 ml. of warm water and 
digest until salts are dissolved. Filter and wash the paper with warm water. If 
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chromium is less than 0.75%, the residue will be practically free of chromium. To 
recover any insoluble chromium, ignite the paper and insoluble matter until all 
carbon is consumed. 

(6) Treat the residue with HF and H 2 S0 4 , fuse with Na 2 C0 3 , and add the solu- 
tion of the melt to the main solution. To the combined solutions add 5 ml. of 
AgN0 3 (10 g. per liter), dilute to 300 ml. with boiling water, and complete the 
determination as described in Section 1. 

High-Nickel Chromium Alloy Cast Iron {15% Nickel, 6% Copper, 2% Chro- 
mium; etc.). Transfer 2 g* of the sample to a 500 ml. Erlcnmeyer flqsk and add 20 
ml. of a mixture of equal parts of HC1 and HN0 3 . Heat until action ceases. 
Then add 15 ml. of HC10 4 and 5 drops of HF, and evaporate to white fumes on a 
hot plate. Fume 1 to 2 min. over an open flame and then 10 min. more on a hot 
plate. Cool somewhat, add 50 ml. of water, and transfer to a 600-ml. beaker. 
Add 20 ml, of H 2 S0 4 , dilute to 300 ml., and complete the determination as de- 
scribed in Section 1. 


THE COLORIMETRIC METHOD 

Reagents, (a) Sodium H)droxide-Sodium Sulfate Wash Solution.— Dissolve 20 g. 
of NaOH and 10 g. of Na 2 S0 4 in 1 liter of water. 

(b) Standard Potassium Dichromatc Solution (1 ml. = 0.0001 g. Cr). 

(c) Color Standards.— Prepare solutions containing approximately the same con- 
centrations of chromium and alkali as the solution of the sample that is to be com- 
pared with them. Solutions containing from 2 to 10 g. of NaOH and 1 mg. of 
chromium per 100 ml. are suitable. The color standards should be freshly pre- 
pared before using. 

Procedure. I. Carbon Steels and Other Steels Containing Under 0.15% Chro- 
mium.— (a) Transfer 10 g. of the sample 05 to a 500-ml. Erlcnmeyer flask and add 
1 10 ml. of H 2 S0 4 (exactly 1 :9). Heat to boiling, boil until reaction is complete, 
and then dilute with 100 ml. of boiling water. Add NaHCO a (80 g, per liter) 
from a buret until a permanent ptecipitate appears (approximately 36 ml. with car- 
bon steels) and then 4 ml. in excess. Boil for 1 min., let settle, filter on a rapid 
filter, quickly wash the flask, and precipitate 2 or 3 times with hot water. If the 
precipitation has been piopcrly performed, there will be no more precipitate than 
can be conveniently handled on an 11-cm. paper. The filtrate will become cloudy 
in the funnel stem and in the receiving vessel on account of oxidation and hy- 
drolysis. 

(6) Ignite the residue in a nickel or iron crucible (low in chromium) and fuse 
with 10 or 12 times its volume of Na 2 0.. (low in chromium). Dissolve die cooled 
melt by immersing it in 100 ml. of cold water. Remove the crucible, add 1 g. of 
Na 2 0 2> and boil for 5 to 10 min., or allow to stand on a steam bath for 30 min. 
Filter through an asbestos pad, 08 preferably on a small Buchner funnel, and wash 
with cold Na0H-Na 2 S0 4 wash solution. 

(c) Dilute to a measured volume and compare die color with color standards con- 
taining approximately the same concentration of chromium and alkali. 

65 Larger or smaller samples may be taken, but the volume of acid shall be varied ac- 
cordingly. A good rule to follow is to use the equivalent of l ml. of H2SO4 for eacn g- 
of steel and then add 1 ml. in excess. ' . 

Asbestos is more satisfactory than filter paper. If paper is used, it shall first 
washed thoroughly with a solution of NaOH (50 g, per liter) in order to remove soiuoi 
organic matter. 
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(d) If the color of the unknown solution is too deep for convenient colorimetric 
comparison, the solution may be boiled thoroughly to decompose all the peroxide, 
acidified, and titrated as described in Paragraph (c) of the Persulfate Procedure 
2. Cast Iron Containing Under 0.15% Chromium, Open-Hearth Iron, Wrought 
Iron, and High-Silicon Steels .-Determine chromium in accordance with the pio- 
cedure described in Section 1. 


VANADIUM 


the electrolytic separation method 

Apparatus .- The mercury cathode separation serves as a means of quantitatively 
removing iron, chromium, zinc, nickel, cobalt, tin, molybdenum, copper, bismuth, 
silver, and other ions from solution. 15 ' Only partial separations of manganese, 
antimony, arsenic, and ruthenium are obtained. 03 The separation is accom- 
plished by reducing the ions electrolytically and causing them to amalgamate with 
the mercury pool that serves as cathode. Electrolysis is generally carried out in a 
sulfuric acid or perchloric acid solution that is free of chlorides and nitrates. The 
presence of large quantities of salt is undesirable because it slows down the reduc- 
tion process. The most rapid electrolysis is obtained if the solution pH is about 
1.5 and if solution and mercury are stirred during the process. The d.c. current 
should be 3 to 5 amp. with a voltage of 6 to 15 across each cell. 

A simplified form of mercury cathode cell consists of a 400-ml. beaker containing 
30 to 50 ml. of mercury to act as the cathode, and a platinum wire ring to act as 
the anode. The mercury is connected to the negative terminal by means of a 
mercury-filled, platinum-tipped glass-tubing electrode. The anode is placed as 
close to the surface of the solution as possible. A suitable source of direct current 
is required. 

A more convenient form of the apparatus is that recommended by Melaven, 00 and 
is shown in Fig. 24-9. With this apparatus, the electrolyte is removed from the 
cell through the stopcock, which eliminates the necessity of siphoning off the solu- 
tion, as is required with the simplified ceil. 


Reagents, (a) Potassium Ferricyanide Solution.-Prepare a very dilute solution 
as needed by dissolving a crystal the size of the head of a pin in 25 ml. of water. 

(b) Potassium Permanganate Solution (25 g. per liter). 

(c) Standard Potassium Permanganate Solution (0.03 N). 

Procedure. I. Vanadium Slee!s.-(o) Transfer 2 g. of the sample to a 300-ml 
Erlenmeyer Hast, and add SO ml. of H,SO, (exactly 1:9). When action is ran' 
plete, dilute to 100 ml. with boiling water and heat to boiling. Agitate eemlv 
while adding NaHCO, (SO g. per liter) from a buret until a permanent precipitate 
ts formed, and then add 4 ml. more. Cover the flask, boil for 1 min., and lit the 
precipitate settle. Filter rapidly, conveniently by moderate suction through a 
cone and paper contain, „g some paper pulp, and wash the flask and precipitate 
4 or 5 tunes wtdr ho, water. The filtrate will become cloudy in the funnel 2m 

JolulviOley^and Sons, Inc.f New^York 94 'lMs" 1 *'"'* Metho<ls o£ Chemical Analysis, 

M5S2; V**?*r- J - L - ^ «»• 

•» Melaven. A. D, Electrolytic Ce L. Usc i. mV 2™ Vor J.' l 38 - 41 ' 1053. 

Anal. Ed., 2, 180, 1930. th the Mercui 7 Cathode, Ind. Eng. Chem., 
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and receiving vessel because of oxidation and hydrolysis of the iron, but thi * 
no consequence. ’ s ,s °* 

(6) Place the paper and precipitate in the original flask, add 5 ml. 0 f wso 
warm, and shake until the paper has broken up. Add 20 ml. of HNO and 1 ' 
over a free flame to dense white fumes. Cool and, if organic matter is still presm 



. 24-9 Melavcn fype Meicury Catliodc Cell. A, glass vessel; fl, two-way stopcock, 
wuie-bore; C, leveling bull); D, glass tubing constricted in same manner as a buret up: 
v., platinum gau/e oi coiled platinum wire; /, narrow glass tube foi iutiodtiUion of air 
to stir the clcctiolvtc and mcrctuv (a motor-dmen stiricr can be used instead) 


add more HN0 3 and repeat the treatment. Finally cool, wash down the flask, 
and repeat the evaporation to dense white fumes to ensure the complete elimina- 
tion of HN0 3 . Cool, dilute to 40 ml.,*® neutralize the solution with NH 4 OH, 

rr„ tCn * S P rcscn1, die solution must be filtered, the tungstic acid washed with 
H 2 S 04 (1:99), and its vanadium content determined eolorimet rurally and added to that 
found by titration. The colorimetric test shall be made as follows: dissolve the tungstic 
acid in a solution of NaOH, or fuse the ignited impure oxide with Nj 2 C 03 and extiact 
the melt with water; filter if not clear, and dilute to 75 to 100 ml.; add H i{ POj (ljl) 
until acid, then a 5-ml. excess, and let stand for 1 to 2 hr.; compare the yellow solution of 
vanadotungstic acid with a standard prepared by adding from a buret a standard solution 
of vanadolungstic acid to water until the intensity of color in the solution is the same 
'I h k solutions are of equal volume. The standard solution of vanadotungstic acid 
shall be prepared as follows: dissolve 2.5 g. of sodium tungstate and enough sodium vana- 
« « t S 8 * vc exac,1 v 005 B- of vanadium in 100 ml. of water; dilute to 200 ml; add 25 ml. 
of H 3 P0 4 (1;1); and dilute to exactly 500 ml. Ammonium salts cannot be used as they 
give rise to turbid solutions. If only ammonium vanadate is available, dissolve it m 
water, expel all ammonia by boiling with a slight excess of NaOH, and acidify with 
nni*^. ,^ ie vana dium held by the tungsten approximates 0 01 nig. of vanadium per 
8- tungsten, and in routine analyses the collection is made by calculation, that is, 
0.018% vanadium is added for an 18% tungsten steel. 
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add H 2 S0 4 until acid, and then add an excess of 0.5 ml. of H 2 S0 4 per 100 ml. of 

S ° (c) Transfer the solution to a mercury cathode cell, rinsing the flask with small 
portions of water. The cathode wire shall be embedded in about 200 g. of mercury, 
and the solution electrolyzed at a current density of approximately 0.16 amp. per 
sq. cm. while stirring or agitating the solution. Continue the electrolysis until iron 
is absent, as indicated by a ferricyanide test on a small drop of the electxolyte. 
This should not require more than 45 min. When all the iron has been removed, 
draw oft' the electrolyte, and wash the mercury two or three times with water while 
continuing the current. 71 In these operations care shall be taken to prevent any 
amalgam from passing into the electrolyte. 72 

(dj Add 2 to 3 ml. of H 2 S0 4 (1:1), heat to 70° to 80°C„ and add KMii0 4 (25 g. 
per liter) until a deep pink color appears. Heat to boiling, and pass a current of 
S0 o into the solution until the vanadium is reduced (2 to 5 min.). 73 Continue the 
boiling, and pass a rapid stream of C0 2 (free of 0 2 ) through the solution until it 
is free of S0 2 . This may be ascertained by passing the gas issuing from the flask into 
5 ml. of water containing a drop of H 2 S0 4 (1:1) and enough KMn0 4 to give a 
faint pink tint. 

(e) Cool the solution to 60° to 80°C., and titrate with 0.03 N KMn0 4 . Repeat 
the reduction and titration until concordant results are obtained. 

(f) Blank.— Correct the titration by a blank determination (usually amounting 
to about 0.1 ml. of 0.03 N KMn0 4 ) on a solution of like volume and acidity. 

(g) Calculation.— Calculate the percentage of vanadium as follows: 


Vanadium, per cent = 


(A - B)C X 0.051 
D 


X 100 


where A = milliliters of KMn0 4 solution required to titrate the sample, 
B = milliliters of KMnQj solution required to titrate the blank, 
C = normality of the KMn0 4 solution, and 
D = grams of sample used. 


2. Ccu bon Steels , Cast lion, Open-Hearth Iron, and Wrought Iron . — Determine 
vanadium in accordance with the procedure described in Section 1, except that 5 g 
of the sample shall be dissolved in 60 ml. of H 2 SQ 4 (exactly 1:9). 1 


;.;j°^ n ‘ he mercury, transfer it to a large flask, add diluted HNO ( (l : 9) containing 
a little NaN0 2 , and agitate the mercury by drawing air through it for several hours Re 
move the acid, add a fresh portion of acid, and agitate agaim Draw off the second poo 

remove allli’cid^ and £ht ' agitatton - Re P eat the treatment with water to 

Wuh chromium steels it is usually necessary, because of the brittle chromium uni 
gam to filter the electrolyte through a rapid filter and wash with water. ' 

l3 4he direct use of a solution of H 2 SO ;i or an alkali sulfite is unwise unless it has been 
freshly prepared, for after a lapse of time thev contain nviV!w-,M„ ™ u , nas b , een 

fW? ° r a sulfl . te - Sulfur dioxide is most conveniently used from Tcylindcr^^thi 
liquefied gas, or it may be obtained as wanted by heating a flask mnfv • S f he 

of H 2 S0 3 or a sulfite to which H 2 S0 4 (1;1) is added. S k containing a solution 
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REDUCTION WITH FERROUS SULFATE AND TITRATION 
WITH PERMANGANATE 74 

Reagents, (a) Standard Ferrous Ammonium Sulfate Solution (0.03 N). 

(b) Potassium Ferricyanidc Solution. 

(c) Ammonium Persulfate Solution (150 g. per liter). 

(d) Standard Potassium Permanganate Solution (0.03 N). 

(e) Cupferron Solution (60 g. per liter).— Dissolve 6 g. of cupferron in 80 ml. 
oE cold water, dilute to 100 ml., and filter. This reagent shall be freshly prepared 
as needed. 

3. Chromium-Vanadium Steels.— (a) To the solution reserved from the determi- 
nation of chromium, add 5 ml. of H 3 P0 4 , unless the solution already contains it, 
and then add 15 ml. of 0.03 N ferrous ammonium sulfate (1 ml. will reduce 
0.0015 g. of vanadium) if vanadium is under 0.8% and proportionately more if 
the percentage exceeds this amount. If enough lias been added, a drop of the 
solution will give immediately a blue color with a drop of fresh K 3 Fe(CN) 5 solu- 
tion. Stir the solution thoroughly, add 8 ml. of freshly prepared (NH,) 2 S 2 0 8 (150 
g. per liter), and stir for 1 min. Titrate with 0.03 AT KMnOj to a definite pink tint 
that does not fade upon continued stirring for 1 min. 

(b) Blank.— Subtract the same blank as was obtained in the determination of 
chromium. If a correction for the end point has not been determined in a prior 
determination of chromium, the blank shall be obtained at this point as follows: 
boil the solution for 10 to 12 min. to destroy the slight excess of KMii0 4 ; cool to 
room temperature; and titrate with 0.03 A r KMn0 4 to the same tint as was obtained 
before. The volume required represents die blank. 73 The vanadium may then 
again be reduced by an excess of ferrous ammonium sulfate and die solution 
treated with (NH 4 ) 2 S 2 0 8 , etc., as a check on die first titration. 

(c) Calculation.— Calculate the percentage of vanadium as follows: 


Vanadium, per cent = 


C A - 2?)CX 0.051 
D 


X 100 


where A = m limiters oi RhlnO* solution required to titrate the sample, 

B — milliliters of KMnOi solution required to titrate the blank, 

C — normality of the KMnO« solution, and 
D — grams of sample used. 

4. Chromium-Tungsten-Vanadium Steels.— (a) Transfer 2 g. of the sample to a 
600-ml. beaker, and add 100 ml. of H 2 S0 4 (1:9). Heat until action ceases, add 
10 ml. of HN0 3 (1 : 1) and 4 ml. of HC1 (1 : 1), and boil the solution gently for about 
30 min. ot until the tungsten has been oxidized to yellow tungstic acid. Stir fre- 
quently to break up die film adhering to the sides and bottom of the beaker. 

Where apparatus for potentiometric titration is available (Figs 24-5 and 24-6), oxida- 
tion with HNO 3 is a very satisfactory method for the determination of vanadium, par » • 
larly for chiomium-tungsten-vanadium steels. The sample is treated with 100 m • 
H 2 S0 4 (l;4) and then with HNO, } to oxidize iron (and tungsten). After dilution to 
ml. and addition of 40 ml. of HNO 3 , the solution is boiled for 1 hr. at such a ra e 
the volume will not drop below 100 ml., or preferably 1 15 ml., cooled to 8 ° to IU > 
luted to 300 ml., and titrated potentiometrically with ferrous ammonium sulfate. 

75 The blank may also be obtained by means of a standard steel of known vana 
content and containing about the same amount of chromium as the test sample. 
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Dilute to 100 ml., filter through a close-texture paper and wash with HoSO, 
(1:200).™ Dilute the filtrate to 300 ml., add 5 ml. of H 3 P0 4 , and then add KMn0 4 
until the solution is pink. 

(b) Add 15 ml. of 0.03 N ferrous ammonium sulfate and complete the determina- 
tion as described in Section 3. r _ „ . „i 

5 . Carbon Steels Containing Under 0.05% Vanadium.- Transfer 10 g. of the 
sample to a 500-ml. Erlenmeyer flask, make a bicarbonate separation, fuse, and 
dissolve the melt as described in Section 1 (a) and ( b ) of the colorimetric method 
for chromium, p. 702. Acidify with H 2 S0 4 and H 3 P0 4 and complete the titration 
as described in Section 3. 

6. High-Chromium, High-Nickel Steels.-(a) Transfer 10 g. of the sample (under 
0.05% vanadium) to a 400-ml. beaker, add 250 ml. of H 2 S0 4 (1:9), and heat gently 
until action ceases. (For vanadium steels, use 2 g. of the sample and 150 ml. of 
H.,S0 4 (5:95).) Cool the solution to 15°C., dilute to 500 ml. with water at the same 
temperature, and add two pieces of paper pulp Vs in. thick by 1 in. square, macerat- 
ing the paper thoroughly. Then add drop by drop, while stirring constantly, cold 
cupferron (60 g. per liter) until the precipitate just assumes a reddish brown color. 
Filter, through an 11-crn. paper containing some paper pulp, and wash 10 to 
12 times with cold H 2 S0 4 (1:99). 

(5) Transfer the paper and contents to the original beaker, and add 20 ml. of 
HN0 3 and 10 ml. of PI 2 S0 4 . Evaporate to dense white fumes. Cool, add 10 ml. 
of HNO s , and again evaporate to dense white fumes. Cool, dilute to 300 ml., add 
3 ml. of H 3 P0 4 (85%), and then add KMn0 4 until the solution is pink. 

(c) Add 15 ml. of 0.03 N ferrous ammonium sulfate and complete the determina- 
tion as described in Section 3. 

7. Cast Iron Containing Under 0.05% Vanadium, Open-Hearth Iron, Wrought 
Iron, and High-Silicon Steels.— Determine vanadium in accordance widr the pro- 
cedure described in Section 5. 


MOLYBDENUM 

THE ALPHA-BENZOIN OXIME METHOD 70 

Reagents, (a) Boric Acid Solution (40 g. per liter). 

(b) Alcohol Solution of alpha-Benzoinoxime (20 g. per liter).— Dissolve 10 g of 
alpha-benzoinoxime in 500 ml. of ethanol or methanol. Filter if not clear 

(c) Alpha-Benzoinoxime Wash Solution.-Diiute 25 to 50 ml. of alpha-benzoin- 

oxime (20 g. per liter) to 1 liter with cold A.SO, (1:99). This solution shall be 
freshly prepared before using. 

(d) Cinchonine Solution.— Dissolve 125 g. of cinchonine in 1 liter of FIC1 H’D 

(e) Cinchonine Wash Solution-Dilute 30 ml. of cinchonine solution to 1 Iker 
Procedure. 1. Molybdenum Steels.-(a ) Transfer 1 to 3 g. of the samnle to 

0 -mb beaker, add 50 ml. of H 2 SG 4 (1:6), and warm unti! action ceases" C L- 

fully add just enough HNO s to decompose carbides and to oxidize iron and molvb 
denum. Add 2 to 4 drops of HF, mix. and then add 10 ml. of 
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liter). 77 Boil for a few minutes, and filter if the solution is not perfectly clears 

( b ) With some chromium steels, the acid-insoluble residue may contain small 
amounts of molybdenum. In this case, filter, ignite at as low a tempcratuie aspos- 
siblc, and fuse slowly (below 500 # C.) with K 2 S 2 0 7 . Dissolve the melt in the main 
solution. 

(t) Dilute to 100 ml. with water, cool to 25 D C., and add sufficient FeS0 4 (0.5 g 
is usually sufficient) to reduce vanadic and chromic acids. Cool to 5°C., stir, and 
slowly add 10 ml. of the ethanol solution of alpha-benzoinoxime (20 g. per liter) 
and then 5 ml. more fot each 0.01 g. of molybdenum present. Continue to stir 
the solution, add 5 to 10 nil. of bromine water, and then add a few more milliliters 
of the alplu-hcuzotuovimc solution. Allow the beaker and contents to remain in 
the cooling mixture 10 min., while stirring occasionally. Stir in a little macerated 
filter pulp, and filter through a rapid paper. If the first 50 ml. or so are not entirely 
clear, filter this portion again. Wash the precipitate with 200 ml. of cold alpha- 
benzoinoxime wash solution. On standing, ncedlelikc cystals will appear in the 
filtrate if sufficient reagent has been used. 

( d ) Transfer the piecipitate and paper to a platinum crucible and dry cautiously 
Char, without inflaming, and ignite at 500° to 525°C. Cool, weigh, and repeat the 
heating until the weight remains constant. Treat the ignited residue with 5 ml of 
NH,OH, digest, and filter through a small paper. Wash well with NH 4 OH (1:99). 
Ignite the paper and contents in the original crucible, cool, and weigh. The dif- 
ference in weights represents the Mo0 3 present. 

(e) Tungsten is also precipitated. If present, the ammoniacal filtrate shall be 
treated as follows: Add 5 ml. of H 2 $0 4 (1:1) and evaporate to dense white fumes 
Cool, dilute to 25 ml. with water, and add 1 to 2 ml. of cinchonine solution. Digest 
at 80° to 90 # C., or preferably overnight at room temperature. Filter through a 
close-texture paper containing a little paper pulp and wash with cinchonine wash 
solution. Transfer the paper and contents to a platinum crucible, char the paper, 
and ignite at 750° to 850°C. to constant weight. Cool and weigh. In very accu- 
rate work, dissolve any residue obtained here and test for molybdenum by the 
colorimetric method. 

(I) Calculation.— Calculate the percentage of molybdenum as follows: 

. (A-B)X 0.667 

Alolybdenum, per cent — X 1 UU 

where A = grams of MoOj (Paragraph («/)), 

B = correction for impurities (Paragraph (<•)), in grams, and 
C = grams of sample used. 

(g) With high-molybdenum, medium-tungsten steel (8% molybdenum, 2% tung- 
sten) the ignited oxides may be weighed, dissolved, and molybdenum determine 
by the MoS 3 -Mo0 3 method (after reprecipitation of the sulfide). Tungsten is 
then obtained by difference. 

77 With larger samples (5 to 6 g) of silicon steel, it is best to evaporate the solution, 
dehydrate, and remote Si0 2 before treatment with the alpha-benzoinoxime. I 

7» If the sample is insoluble in this treatment, it may be dissolved in a mixture 
and HNOj, HC10 4 added, and the solution evaporated to white fumes. The so 
then diluted and sufficient H 2 S0 3 added to reduce the chromium. After boiling 
excess S0 2 and filtering off any silica, the solution is cooled and molybdenum r 
dpi t a ted. 
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,/a If molybdenum is present in very small amounts (carbon steels), the ignited 
aipha-b^enzoinox^me precfpitate shall be dissolved in NH 4 OH and the molybdenum 

determined by the Photometric Method. , , , in iqq 

2. Cast Iron— (a) Transfer 1 to 5 g. of the sample to a 600-ml beukei, add 10U 
ml of H SO, (1:4), and warm. When action ceases, add HNO a drop by diop 
until rapid effervescence ceases (usually 2 to 5 ml.), and then add 2 to 3 drops m 
excess. Evaporate the solution to dense white fumes, cool somewhat, and add 100 
ml. of water. Warm until salts are dissolved and filter through a rapid paper. 
Wash the paper with warm water. 

(b) Dilute the filtrate to 150 ml. and cool to 25°C. Add sufficient FeSO. t to le- 
duce any chromium or vanadium that may have been oxidized by the above treat- 
ment, cool to 5°C., and complete the determination as described in Section 1. 

5. Open-Hearth Iron and Wrought /ron. 78 -Determine molybdenum in accord- 
ance with the procedure described in Section 1. 


PRECIPITATION AS SULFIDE AND WEIGHING AS OXIDE 

Reagents, (a) Ammonium Persulfate Solution (250 g. per liter), 

(b) Hydrogen Sulfide Wash Solution. — Saturate H 2 S0 4 (1:99) with H 2 S. 

Procedure. 1. Molybdenum Steels Containing No Tungsten.— (a) Transfer 2 to 

10 g. of the sample (approximately 0.0S g. of molybdenum) to a 600-ml. beaker, 
add 100 ml. of H 0 S0 4 (1:5), and warm. When action ceases, add 20 ml. of 
(NH 4 ).,S.>O s (250 g. per liter) and boil the solution for 8 to 10 min. to oxidize the 
molybdenum and part of the iron. Cool somewhat, add 5 g. of tartaric acid, neu- 
tralize with NH 4 OH, and add H 2 S0 4 (1:1) until acidified and then 10 ml. in ex- 
cess for each 100 ml. of solution. 

(5) Heat to boiling and pass in a rapid stream of PI 2 S for 10 min. Dilute with 
an equal volume of hot water, and pass in H 2 S for 5 min. Digest at 50° to 60°C. 
for 1 hr. Filter, and wash the sulfur and sulfides with H.,S wash solution. 80 

(c) Place the paper and precipitate in the original beaker, add 5 ml. of PI 2 S0 4 
and 20 ml. of HN0 3 , cover, and heat to dense white fumes. Cool somewhat, add 
10 ml. of HN0 3 , and again evaporate to dense white fumes. If the solution is 
not clear and of a light color, repeat the treatment with HN0 3 . Cool, dilute to 
100 ml., and add a slight excess (10 to 12 drops) of NaOH (200 g. per liter). Heat 
to boiling and set aside for 5 min. Filter, and wash the paper and residue with 
hot water. 

(d) Heat the filtrate to boiling and pass in H..S for 10 min. Add FI.,SO t (1:1) 
until acidified and then a 4-ml. excess per 100 ml. of solution. Pass H.,S into die 
solution for 5 min. and digest at 50° to 60’C. for 1 hr. Filter through a 9-cm. 
close-texture paper, and wash thoroughly with H 0 S wash solution. 81 


The small amounts of molybdenum normally encountered in these materials arc 
piefeiably determined by the photometric method described below 
so In umpire analyses the filtrate shall be boiled to P v n ,»l w c ‘ j , , , 

duce the volume to about 450 ml.; add 20 ml of 1NH \ s n torn P , C .° re_ 

8 to 10 min., and then pass in a rapid stream of SoH n S - . llter >= boil lo *' 

filter, wash, and combine with the main precipitate. 2 5 min ”' dlgCSt for 1 hr - 

boiling to P cxpe° n H,s! 1 m!idizfng : with bromme^ramr^b 'T ^ * S Wel1 , to test the by 

passing H 2 S into the solution. 8 ‘ ’ bolllng to ex P e l bromine, and again 
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liter). 77 Boil for a few minutes, and filter if the solution is not perfectly clears 

( b ) With some chromium steels, the acid-insoluble residue may contain small 
amounts of molybdenum. In this case, filter, ignite at as low a temperature as pos- 
sible. and fuse slowly (below 500®C.) with K 3 S 2 O r Dissolve the melt in the main 
solution. 

(c) Dilute to 100 ml. with water, cool to 25®C., and add sufficient FeS0 4 (0,5 g 
is usually sufficient) to reduce vanadic and chromic acids. Cool to 5*0., stir, and 
slowly add 10 mi. of the ethanol solution of alpha-benzoinoxime (20 g. per liter) 
and then 5 ml. more for each 0.01 g. of molybdenum ptesent. Continue to stir 
the solution, add 5 to It) ml. of bromine water, and then add a few more milliliters 
of the alpha-benzoinoxime solution. Allow the beaker and contents to remain in 
the cooling mixture 10 min., while slit ring occasionally. Stir in a little macerated 
filter pulp, and filter through a rapid paper. If the first 50 ml. or so are not entirely 
clear, filter this portion again. Wash the precipitate with 200 ml of cold alpha- 
benzoinoxime wash solution. On standing, need lei ike cystals will appear in the 
filtrate if sufficient reagent has been used. 

(d) Transfer the piccipitate and paper to a platinum crucible and dry cautiously, 
Char, without inflaming, and ignite at 500® to 525® C. Cool, weigh, and repeat the 
heating until the weight remains constant. Treat the ignited residue with 5 ml. of 
NH 4 OH, digest, and filter through a small paper. Wash well with NH 4 OH (1:99) 
Ignite the paper and contents in the original crucible, cool, and weigh. The dif- 
ference in weights represents the MoO a present. 

(e) Tungsten is also precipitated, if present, the annnonincal filtrate shall be 
treated as follows: Add 5 ml. of H 3 S0 4 (1:1) and e\aporate to dense white fumes. 
Cool, dilute to 25 ml, with water, and add 1 to 2 ml. of cinchonine solution. Digest 
at 80® to 90° C., or preferably overnight at room temperature. Filter through a 
close-texture paper containing a little paper pulp and wash with cinchonine wash 
solution. Transfer the paper and contents to a platinum ciucible, char the paper, 
and ignite at 750® to 850°C. to constant weight. Cool and weigh. In very accu- 
rate w'Dik, dissolve any lesidue obtained here and test for molybdenum by the 
colorimetric method. 

(f) Calculation.— Calculate the percentage of molybdenum as follows: 

Molybdenum, per cent = — — ~ — X 100 

where A ~ grams of MoOj (Paragraph (</)), 

B = correction for impurities (Paragraph (e))> in grams, and 
C = grams of sample used. 

(g) With high-molybdenum, medium-tungsten steel (8% molybdenum, 2% tung- 
sten) the ignited oxides may be weighed, dissolved, and molybdenum determine 
by the MoS 3 -MoO a method (after reprccipitation of the sulfide). Tungsten is 
then obtained by difference. 

77 With larger samples (5 to 6 g) of silicon steel, it is best to evaporate the solution, 
dehydrate, and lemove Si0 2 before treatment with the alpha-benzoinoxime. j 

78 if the sample is insoluble in this tieatmcut, it may be dissolved m a ™* xtur ^ ® „ ; s 
and HN0 3 , HCIO4 added, and the solution evaporated to white fumes. The so 
then diluted and sufficient H 2 S0 3 added to leduce the chromium. After boning _ 
excess S0 2 and filtering off any silica, the solution is cooled and molybdenum F 
tipitated. "* 
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( b \ Add 5 - of tartaric acid to the filtrate and neutralize the solution with 
N h OH Add 10 ml. of H„S0 4 (1:1) for each 100 ml. of solution, heat to boiling, 
, rapid stream'of lis L 10 mi,,. Diluie wid, an equal velum of 
hot water, and pass in H.S tor 5 min. D.gest at 50 to 60 C. tor 1 hr. Filter, 
and wash the sulfur and sulfides with H 2 S wash solution. 

( c \ Complete die determination as described in Section 1 ( c ) to (g). _ 

4. Carbon Steels , Open-Hearth Iron, and Wrought Iron .- Determine molyb- 
denum in accordance with the procedure described in Section 1. 


THE PHOTOMETRIC METHOD 

Reagents, (a) Sodium Thiocyanate Solution (50 g. per liter). 

(b) Stannous Chloride Solution (350 g. per liter).— Transfer 350 g. of SnCl 2 - 
2H.O to a 500-ml. Erlenmeyer flask, add 200 ml. of HC1 (1:1), and warm (60° to 
70°C.) until solution is practically complete. Cool and dilute to 1 liter in a volu- 
metric flask with freshly boiled and cooled water. Add a few pieces of metallic 
tin, and stopper. 

(c) Butyl Acetate or Isopropyl Ether: 

(1) Saturate technical butyl acetate with NaCNS and SnCl 2 by shaking; keep in 
a dark bottle. 

(2) Shake 50 ml. of butyl acetate or isopropyl ether with 25 ml. of Fe(S0 4 ) 3 - 
9H„0 (SO g. per liter), 10 ml. of NaCNS (50 g. per liter), and 10 ml. of SnCl 2 -2H 2 0 
(350 g. per liter). Draw off and discard the lower or acid layer. Prepare the 
butyl acetate or isopropyl ether by this method immediately prior to use. 

(d) Ferric Sulfate Solution (80 g. per liter).— Dissolve 80 g. of Fe 2 (S0 4 ) 3 -9H 2 0 
in water and dilute to 1 liter. 

(e) Standard Molybdenum Solution (1 ml. = 0.0002 g. Mo).— Dissolve 0.5 g. of 
pure Na 2 Mo0 4 -2H 2 0 in 1 liter of water containing 5 ml. of H.,S0 4 . Aliquots of 
this solution may be diluted to suitable strength for use. 

Standardization .— Standardize in accordance with either method A or B. 


Method A (Volumetric).— Pipet 100 ml. of the molybdenum solution into a 
250-ml. beaker, add 10 ml. of H 2 S0 4 (1:1), and reduce in the Jones reductor as de- 
scribed below. If the Jones reductor has been standing idle, pass 100 ml. of 
H 2 S0 4 (5:95) through it, then some water, and discard the wash solution. Add 30 
ml. of ferric phosphate solution to the reeciver, and then enough water so that the 
tip of the reductor dips beneath the surface of die solution. (To prepare the 
ferric phosphate solution, dissolve 100 g. of Fe 2 (S0 4 ) 3 in 1 liter of water to which 
150 ml. of H 3 P0 4 and 20 ml. of H 2 S0 4 (1:1) have been added. Add KMn0 4 (25 g. 
per liter) until the solution is just tinted pink.) Draw the mloybdenum solution, 
by gentle suction, through the reductor. Just before the surface of the liquid 
leaches the zinc, add a 50-ml. portion of water, and finally rinse by addins two 
more 50-ml. pordons each time just before the surface of die solution reaches the 
zmc. Close the stopcock, disconnect, and raise die reductor as a little water is 
allowed to run through the stem. Rinse the stem and titrate the solution with 0.1 N 
RMn0 4 . Make a blank determination, following the same procedure and using 
die same amounts of all reagents. 

Meth„ d B (Gramm«„-c)..».»»_Pipet 25 ml. of the molybdenum solution into a 
250-ml. beater and ddute to 150 ml. Add 1 drop of methyl orange indicator (I g. 

saa This procedure is based on the work of McCav T w r rv. n, • u- r . r , , , 
as Silver Molybdate, J„ Am. Chem. Soc., 56, 2548, V 9 I 4 '* Wei S hin S of Molybdenum 
ssb The following method is recommended as m ,-ilo.r, . , 

standardizing molybdenum so.utions: Kp et *£ 
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( e ) Transfer the precipitate to a small porcelain crucible, and heat carefully un . 
til carbon is destroyed and then at 500° to 525 °C. to constant weight. 8 * Weigh as 
MoO a . 6 

(/) Test the ignited oxide for impurities by treating with NH 4 OH. II copper 
is indicated, determine its amount colorimetrically and calculate to CuO. If a 
residue remains, filter, wash with water, ignite, and weigh. 83 

(g) Calculation.— Calculate the percentage of molybdenum as follows: 


(A — B) X 0.667 

Molybdenum, per cent = — X 100 

where A = grams of MoOs (Paragraph (*)), 

B — correction for impurities (Paragraph (/)), in grams, and 
C = grams of sample used. 


2. Tungsten Steels.— (fl) Dissolve 2 to 10 g. of the sample (approximately 0.03 g 
of molybdenum) in 100 ml. of HC1 (1:1), cautiously add 20 ml. of HNO a (1:1), 
and then boil gently until the tungstic acid becomes bright yellow. Dilute to 150 
ml. and heat to boiling. Filter, and wash the residue with HC1 (1:9). Resene 
the precipitate. 

(b) Add 15 ml. of H 2 S0 4 to the filtrate, evaporate to fumes of H 2 S0 4 , cool, and 
add 100 ml. of water. Digest until soluble salts are in solution. If any tungstic 
acid separates, filter through a small filter, wash with a little H 2 S0 4 (1:99), and 
combine with the reserved tungstic acid precipitate (Paragraph (a)). Small amounts 
of tungsten will not precipitate, but will form a complex with the molybdenum 
and be held in solution. 

( c ) Add 5 g. of tartaric acid to the clear filtrate and neutralize with NH 4 OH. 
Add H 2 S0 4 (1:1) until acidified, then 10 ml. in excess per 100 ml. of solution, and 
pass in H 2 S as described in Section 1 (b). 

( d ) Some molybdenum is alwjys carried down by the tungstic acid and shall be 
recovered as follows: dissolve the combined tungstic acid, residues in a hot solu- 
tion of NaOH (50 g. per liter), and wash the papers with a little water and then 
with a little hot H 2 S0 4 (1:99); add 5 g. of tartaric acid, then H 2 S0 4 until the 
solution contains 5 ml. per 100 ml., and precipitate with H 2 S as described in Sec- 
tion 1 (5). Filter, wash, combine with the main sulfide precipitate, and complete 
the determination as described in Section I ( c ) to (g). 

3. Cast Iron.— (a) Transfer 2 to 5 g. of the sample to a G00-ml. beaker, add 100 
ml. of H. 2 S0 4 (1:4), and warm. When action ceases, add HNO s (1:1) drop by 
drop until rapid effervescence ceases (usually 5 to 10 ml.), and then add three to 
five drops in excess. Evaporate the solution to dense white fumes. Cool some- 
what, add 100 ml. of warm water, stir, and heat until salts are dissolved. Filter 
through a rapid paper, catching the filtrate in a 600-ml. beaker. Wash the paper 
well with hot water. 


82 Molybdenum oxide volatilizes at tempeiatures abme 500 a C. but the rale is ' 
at temperatures below 600° C. The healing may be done in a muffle, using a pyro 
for temperature control, or jn a “radiator" consisting of a 50-ml. porcelain crucm 
taining a disc of asbestos board, 4 mm. thick on the bottom and fitted with a i i 
triangle which is bent to fit the inside of the crucible and supported by bending 
wires over the rim. The crucible shall be placed so that the bottom is 8 cm. a 

top of a Tirrill burner and heated by a flame 125 cm. high. . l jj 

83 If residual amounts of molybdenum are being determined, the determina ^ 
be checked by testing the solution of the oxide as desciibed in Pargraphs 

the Photometric Method procedure below. 
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and wash the sulfur and sulfides with H 2 S wash solution. 

(c\ Complete die determination as described in Section 1 (c) to (J. 

£’ CaZnSteeh, Open-Hearth Iron, and Wrought Iron.-Determ.ne molyb- 
denum in accordance with the procedure described in Section 1. 

THE PHOTOMETRIC METHOD 

Reagents, (a) Sodium Thiocyanate Solution (50 g. per hter). 

(b) Stannous Chloride Solution (350 g. per liter).-Transfer 350 g. of SnCl 2 - 
2HoO to a 500-ml. Erlenmeyer flask, add 200 ml. of HC1 (LI), and waira (60 ^to 

70 °C.) 


IP M. v/wv j ~~ - - ' ’ .. 1 

C.) until solution is practically complete. Cool and dilute to 1 liter in a volu- 


metric flask with freshly boiled and cooled water. Add a few pieces of metallic 
tin, and stopper. 

(c) Butyl Acetate or Isopropyl Ether: 

(/) Saturate technical butyl acetate with NaCNS and SnCl 2 by shaking, keep in 
a dark bottle. 

(2) Shake 50 ml. of butyl acetate or isopropyl ether with 25 ml. of Fe(S0 4 ) 3 - 
9H.,0 (80 g. per liter), 10 ml. of NaCNS (50 g. per liter), and 10 ml. of SnCL,-2PI 2 0 
(350 g. per liter). Draw off and discard the lower or acid layer. Prepare the 
butyl acetate or isopropyl ether by this method immediately prior to use. 

(d) Ferric Sulfate Solution (80 g. per liter).— Dissolve 80 g. of Fe 2 (S0 4 ) 3 -9H 2 0 
in water and dilute to 1 liter. 

(e) Standard Molybdenum Solution (1 ml. = 0.0002 g. Mo).— Dissolve 0.5 g. of 
pure Na 2 Mo0 4 -2H 2 0 in 1 liter of water containing 5 ml. of H 2 S0 4 . Aliquots of 
this solution may be diluted to suitable strength for use. 

Standardization .— Standardize in accordance with either method A or B. 

Method A (Volumetric).— Pipet 100 ml. of the molybdenum solution into a 
250-ml. beaker, add 10 ml. of H 2 S0 4 (1:1), and reduce in the Jones reductor as de- 
scribed below. If the Jones reductor has been standing idle, pass 100 ml. of 
H 2 S0 4 (5:95) through it, then some water, and discard the wash solution. Add 30 
ml. of ferric phosphate solution to the reeciver, and then enough water so that the 
tip of the reductor dips beneath the surface of the solution. (To prepare the 
ferric phosphate solution, dissolve 100 g. of Fe 2 (S0 4 ) 3 in 1 liter of water to which 
150 ml. of H 3 P0 4 and 20 ml. of H 2 S0 4 (1:1) have been added. Add KMn0 4 (25 g. 
per litei) until the solution is just tinted pink.) Draw the mloybdenum solution, 
by gentle suction, through the reductor. Just before the surface of the liquid 
teaches the zinc, add a 50-ml. portion of water, and finally rinse by adding two 
more 50-ml. portions each time just before the surface of the solution reaches the 
zinc. Close the stopcock, disconnect, and raise the reductor as a little water is 
allowed to run through the stem. Rinse the stem and titrate the solution with 0.1 N 
KMn° 4 . Make a blank determination, following the same procedure and using 
the same amounts of all reagents. 

,i Ie f° d ? (Gravimetric) asi*— Pipet 25 ml. of the molybdenum solution into a 
250-ml. beaker and dilute to 150 ml. Add 1 drop of methyl orange indicator (1 g. 

S2KBSS ” iVSZsti The ’“*“■« * 


as 
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per liter) and then neutralize the solution with NaOH (200 g. per liter) until the 
indicator changes to a yellow tint. Add H 2 S0 4 (1:4) drop by drop until the pink 
color just returns. Dissolve 1 g o! sodium acetate (NaC 2 H 3 0 2 *3H.,0) sac j n ^ 
solution (this should cause the indicator to change bach to a yellow tint). Heat 
the solution just to the boiling point and precipitate by the addition of AgNO 
(20 g. per liter) drop by drop until an excess of several drops has been reached. 
Stir occasionally, while cooling to room temperature. A curdy precipitate that 
settles out completely, leaving a clear supernatant solution, should result. Filter 
on a weighed fritted-glass crucible with gentle suction and wash. All transferring 
and washing must be done with AgN0 3 (5 g. per liter) because of the solubility 
of the precipitate in watet. Finally wash 3 times with 5-nil. portions of ethanol 
(95%) in order to remove the last traces of AgN0 3 . Dry at 250 Q C. S5 <* and weigh 
as Ag 2 Mo0 4 . 

Procedure.— [a) Transfer 0.1 g. of the sample (for steels and irons containing 
from 0.02 to 0.4% molybdenum) to a 150-mi. Erienmeycr flask. Add 10 ml, of 
HC10 4 (1:1), warm until the sample has dissolved, and then add 1 ml. of HN'0 3 . 
Heat to boiliug, cover, and fume until all carbonaceous matter has been destroyed. 
Cool somewhat, add 25 ml. of water, and boil for a few minutes to expel free 
chlorine. For steels and irons containing higher percentages of molybdenum, use 
proportionate amounts of sample and reagents. 

(5) If the steel contains less than 0.02% of molybdenum, dissolve 0.5 to 1.0 g. 
of the sample 111 20 ml. of HNO a (1:3), add 8 ml. of HC10 4 , and evaporate to 
fumes. In the case of high-silicon steel, add 0.5 ml. of HF before evaporating to 
white fumes. Cool, wash down the sides of the llask with water, and again cup 
orate to while fumes. Cool somewhat, add 25 ml. of water, and boil for a few 
minutes to expel free chlorine. 

(c) To the cooled solution (Paragraph (a) or (5)), add 2 g. of tartaric acid and 
a slight excess of NaOH (200 g. per liter). About 30 ml. will be required. Heat 
to about 80°C. for a few minutes, remove from the source of heat, and cool some- 
what. Neutralize to litmus with H 2 S0 4 (1:1), and then add an excess of 2 ml. 
for each 8 ml. of solution, which will give a solution containing 10% of H 2 S0 4 
by volume. Cool the solution to 25°C. and transfer to a 250-mi. cylindrical-type 
separatory funnel, rinsing the flask twice with 5-ml. portions of cool H 2 S0 4 (1:9)- 

( d ) Add 10 ml. of NaCNS (50 g. per liter) and shake 0.5 min. Add 10 ml. of 
SnCl 2 -2H 2 0 (350 g. per liter) (20 ml. for 1 g. of the sample), and shake vigorously 


400-ml. beaker, dilute to 100 ml. with water, and add an excess of 2 ml. of HCI. The 
add 50 ml. of ammonium acetate (500 g. per liter), heat to boiling, and while staring co - 
stand), slowly add 20 ml. of lead acetate (10 g. per liter) containing 10 ml. of acetic ad 
per liter, boil for 5 min., allow- the precipitate to settle, filter on a 9 cm. meclium*tex u 
paper containing a little ashless paper pulp, and wash 18 to 20 times with hot Ml*. » 
(25 g per liter). Ignite in porcelain, fust at a temperature of 400° to 500°C. to _ 
the papei, and then for 10 to 15 min. (to constant weight) at approximately o • 
Cool and weigh. Multiply the weight of PbMoO* found by 0.2614 to obtain die nei 0 
of molybdenum in 50 ml. of solution. . -«„»tric 

The alpha-benzoinoxime method is also recommended as an alternative gravi ^ 
method for standaidizing molybdenum solutions; see the paper by Knowles, H. . ^ 
Use of tt-Benzoinoxime in the Determination of Molybdenum, Journal of Researcn. 1 
Bureau Standards, Vol. 9, No. I, July, 1932, p. I, (Rcscaich Paper RI’ 453.) , m 

83c Because of the limited solubility of silver acetate, this amount of 1 g- . 

acetate should not be exceeded, although enough must be added to neutralize 
lion (shown by the change in color of the indicator to yellow). 

83,1 If the precipitate is dried at 110° C., a few tenths of a milligram of water r 



713 


STEEL AND IRON 

for 1 min Add 50 ml. of butyl acetate «* or preferably isopropyl ether (treated 
similarly) from a transfer piper, stopper the funnel and shake vigorous V " «r' 
end minutes. Allow the layers to separate; then draw off the lower acid layer. 
Next draw off the upper or ether layer into a 100-ml. volumetric flask. Return 
the acid layer to the separatory funnel, add 40 to 50 ml. of butyl acetate or iso- 
propyl ether, stopper, and repeat the shaking. Draw off the lower layer and dis- 
card. Add the upper or ether layer to diat in the 100-ml. volumetric flask and 
dilute to the mark with butyl acetate or isopropyl ether. Mix thoroughly and 
allow the solution in the flask to stand for 2 or 3 min. 

(e) Transfer a portion of the clear extract 85 to an absorption cell and measure 
die absorbance or transmittance in a photoelectric photometer, using a green filtei 
(540 mu) and a blank (on die reagents) to set the zero. Determine the percentage 
of molybdenum from a previously prepared calibration cuive obtained by adding 
varying portions of standard molybdenum solution to molybdenum-free steels and 
proceeding as in the method. 


TUNGSTEN 


THE ACID DIGESTION-CINCHONINE METHOD 


Reagents, (a) Cinchonine Solution (125 g. per liter).— Dissolve 125 g. of cin- 
chonine in 1 liter of HC1 (1:1) and filter. 

(b) Cinchonine Wash Solution.— Dilute 30 ml. of cinchonine solution to 1 liter 
widi water. 

(c) Ammonium Chloride Wash Solution.— Dissolve 20 g. of NH 4 C1 in 1 liter of 
water and add 1 or 2 drops of NH 4 OH. 

(d) Standard Molybdenum Solution (1 ml. = 0.0002 g. Mo). 

Procedure. 1. Tungsten Steels.— (a) Transfer 2 g. (for steels containing less than 
5% of tungsten use 5 g.) of the sample to a 400-ml. beaker, 80 cover, and add 50 
ml. of HC1. Warm gently. When decomposition is complete, cease heating, and 
scrub with a policeman to detach carbides and tungsten. Gradually add 10 ml. of 
HNO a (1:1). Digest at 100°C„ with occasional stirring, until the tungstic acid is 
bright yellow and free of black particles. Dilute to 150 ml. and add 5 ml. of 
cinchonine solution and a small amount of paper pulp. Digest at 90° to 95°G. 
for 30 min. or longer, while stirring the solution occasionally. 8 ' With high-molyb- 
denum steels, let stand foi about 36 hr. m order to obtain complete precipitation 
of tungsten. Decant the clear solution through an ashless paper containing a 
little ashless paper pulp. Wash by decantation with two or three 30- to 40-ml. 
portions of hot cinchonine wash solution, transfer the residue to the paper, 88 and 
wash thoroughly with hot cinchonine wash solution. 

(b) Transfer the paper and residue to a weighed platinum crucible, and ignite 


S4 For satisfactory color comparisons the concentration of molybdenum should not ex- 

EXUaCti0n Sh ° Uld bc immediately fol.ow- 

of gla Ss ll wocT traCt ^ UU ' JKl ’ ail ° W t0 SUlnd for about 10 min - or filter through a layer 

so Smooth (unetched) beakers should be used, because tunvsnV i w „ , , 
stick rather tenaciously to the vessel. tungstic acid has a tendency to 

— S?S£ 

solution. Heat to boiling, digest a few minutes, and pour onm 'the fiber. ' cmcho,,1,,c 
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ax as low a temperature as possible until carbon is gone. Add 1 or 2 drops of 
H 2 S0 4 (1:1) and 1 to 3 ml. of HF. Evaporate to dryness, ignite at 750* to 850‘C. 
cool, and weigh as "impure W0 9 ." 

(e) Add 4 g. of Na 2 CO a , and heat gradually until fusion is complete. Cool 
take up the melt in 100 ml. of water, and filter. Thoroughly wash the crucible 
and residue, and reserve the filtrate. Transfer the residue to the crucible, ignite, 
fuse with 1 g. of Na 2 C0 3 , cool, and take up in 25 ml. of water. Filter, and thor- 
oughly wash die crucible, paper, and residue with hot water. Combine the filtrate 
with the reserved filtrate. Again transfer the residue to the crucible and ignite. 
Cool, weigh, correct for the residue obtained from 5 g. of Na 2 C0 3 *“ and subtract 
the corrected weight from the weight of “impure W0 3 .” 

(d) If the combined filtrates show a yellow color, evaporate to 100 ml. and de- 
termine chromium colorimetrically (as under the determination of chromium in 
carbon steels). Calculate to Cr 2 0 3 , and deduct from the weight of "impure WO," 
Divide the solution into three equal parts. In one aliquot determine molybdenum 
oxide, MoOj, by the colorimetric method. In the second aliquot determine vana- 
dium peutoxidc, V«0 5 , by the colorimetric method," 0 adding one third as much 
chromate to the comparison solution as was found in tire colorimetric test. In 
the third aliquot separate tin, tantalum, niobium, 01 and the like by acidifying, 
adding NH 4 OH in moderate excess, and boiling until tire odor of ammonia Is 
barely perceptible. Filter, wash thoroughly with hot NH 4 Cl wash solution, ignite, 
and weigh. Add the weights of the oxides found in tire three aliquots, multiply 
by 3, and subtract from the weight of the "impure WO," 

(e) Calculation.— Calculate tire percentage of tungsten as follows: 

A X 0.793 

Tungsten, per cent =* — X 100 

where A ~ grams of W0 3 , corrected as described in Paragraphs (c) and (</), and 
B — grams of sample used. 

80 The residue obtained horn tire c.p. grade of Na 2 C0 3 usually exceeds 1 rag. In anal- 
yses of 2-g. samples of a high-speed tool steel (18 23% tungsten, 3.51% chromium, and 
097% vanadium), the correction for the impurities in the Na 2 CO. } averaged I rag. and the 
impurities in the "impure WO3” averaged 5.8 mg. (representing 0.23% of tungsten). The 
weights of FejOj, Cr 2 0 3 , and V 2 0 3 that were obtained ranged from J.4 to 1.4 mg, 04 to 
05 mg., and 1.4 to 2.7 mg., icspectivcly. . , 

00 If tungsten i$ pieseiit, the solution must be filtered, the tungstic acid washed with 
D2SO4 (1:99), and its vanadium content determined colorimetrically and added to that 
found by titration. The colorimetric test shall be nude as follows: dissolve the tungstic 
acid in a solution of NaOH, or fuse the ignited impure oxide vvith Na 2 C0 3 and extract 
the melt vvith water; filler if not clear, and dilute to 75 to 100 ml.,* add H3PO4 (I- J J 
until acid, then a 5-nil. excess, and let stand for 1 to 2 hr.; compare the yellow solution 
of vanadotungstic acid vvith a standard prepared by adding from a buret a standard .solu- 
tion of vanadotungstic acid to water until the intensity of color in the solution is ti c 
same when the solutions aic of equal volume. The standard solution of » anadotungsti 
acid shall be prepared as follows; dissolve 2.5 g. of sodium tungstate and enough soaiu 
vanadate to give exactly 0.05 g. of vanadium in 100 ml. of water; dilute to 200 mb; au 
25 ml. of H3PO4 (1:1) and dilute to exactly 500 ml. Ammonium salts cannot be u 
as they give rise to turbid solutions. If only ammonium vanadate is available, ui 
it in water, expel all ammonia by boiling with a slight excess of NaOH, and acuiuy 
H3PO4. The vanadium held by the tungsten approximates 0.01 mg. of vanatliu P 
0 01 g, of tungsten, and in routine analyses the correction is made by calculation, t 
0 018% vanadium is added for an 18% tungsten steel. _ • 1 hie in 

9X If a search is to be made for tantalum and niobium, the residue insolu 
Na 2 C0 3 should also be examined, because part of these may be contained in it. 
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2 Carbon Steels and Other Steels Containing Under 0.2% Tungsten .- Transfer 
5 g ’ of the sample to a 600-ml. beaker, add 75 ml. of H 2 S0 4 (1:6), and warm unti 
action ceases. Carefully add just enough HNO a (1:1) to decompose carbides and 
to oxidize the iron. Add about 5 mg. of molybdenum (conveniently, 25 ml. of 
molybdenum steels procedure). Determine tungsten subsequent y in the mixed ox- 
and precipitate with alpha-benzoinoxime (see Paragraphs (c), (d), and (<?) o 
molybdenum steels procedure. Determine tungsten subsequently in the mixed ox- 
ides by precipitation with cinchonine as described in Section 1. 


COBALT 


THE ZINC OXIDE-ALPHA-NITROSO-BETA-NAPHTHOL METHOD 

Reagents, (a) Zinc Oxide Suspension.— Add 50 g. of finely powdered ZnO to 
300 ml. of water and shake thoroughly. Prepare fresh before using. 

(b) Alpha-Nitroso-beta-Naphthol Solution (70 g. per liter). 

Procedure. 1. Cobalt Steels.-(a ) Transfer 1 g. of the sample’ to a 400-ml. beaker, 
add 25 ml. of HC1 (1:1), heat, and when decomposition is complete, add 5 ml. of 
HNO s (1:1) to oxidize the iron. If tungsten is present, the digestion with HC1 
and HNO ;! shall be continued until all of the tungsten has been converted to 
yellow tungstic acid. Evaporate until salts begin to separate (about 5 ml.). Add 
100 ml. of hot water, and digest on a steam bath for about 5 min. Dilute the 
solution to about 200 ml., and add ZnO suspension in portions of about 5 ml. 
until the iron is precipitated and a slight excess of ZnO is present. Shake thor- 
oughly after each addition of the precipitant and avoid a large excess. When suf- 
ficient ZnO has been added, further addition of the reagent causes the brown pre- 
cipitate to appear lighter in color upon thorough shaking. A sufficient excess is 
also indicated by a slightly white and milky supernatant liquid. Allow the pre- 
cipitate to settle for a few minutes and filter the solution through a 12.5-cm. 
rapid paper. 82 Wash the beaker and the precipitate on the filter three times with 
cold water. Reserve the filtrate and washings. 

(b) When the filter has drained, transfer the paper and precipitate to the beaker 
in which the the precipitation was made, add 12 ml. of HC1, and stir the paper 
to a pulp. The iron should now be in solution; if it is not, add more HC1, avoid- 
ing a large excess. Dilute the solution to 200 ml., and repeat the precipitation 
with ZnO. Filter on a 15-cm. paper, and wash four or five times with cold water. 

(c) lo the combined filtrates and- washings from the ZnO separation, add 10 
ml. of HC1, and adjust the volume to about 400 ml. Heat the solution to boil- 
ing. Add 3 ml. of alpha-nitroso-beta-naphthol solution for each 0.01 g. of cobalt 
present and then 8 ml. more. Allow the solution to cool for 30 min. or more, 
and filter through a rapid paper. Transfer all of the precipitate to the paper 
and wash with hot HC1 (1:3) and then thoroughly with hot water. 

(d) Transfer die wet paper and precipitate to a weighed porcelain crucible heat 
gently at first, preferably in a muffle furnace, and finally ignite to constant weight 
at 750° to 850°C. Heating above 900°C. has a tendency to convert CooO to CoO 
Cool, and weigh as Co 3 0 4 . 8 3 i n very accurate work in which more than 0.01 g. 


^ little finely divided ZnO nmy puss tlirou 0- !! the onoer at , • 

ab D l 3 WM ai I? C i Zi,1C ! S kT P reci P itate d P by alpha-nitrosobeua-naphthol. ^objection- 

93 With high-molybdenum or copper steels (over l°/\ the iorii r ^ 
bal,, may contain small amonms (approximately 0.5 of 
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of cobalt is involved, reduce the oxide in hydrogen, cool in an atmosphere of hv. 
drogen, and 'weigh as metallic cobalt. 

(e) Nickel accompanies cobalt almost completely in the zinc oxide separation 
Hence, in very accurate work, when nickel predominates, or much of it is present 
die ignited Co 3 0 4 should be dissolved in HC1 and cobalt again precipitated with 
alpha-nitroso-beta-naphthol. 04 

(f) lilank.— Make a blank determination, following the same procedure and 
using the same amounts of all reagents. It is especially important that the same 
quantity of the alpha-nitroso-beta-naphthol be used in die blank determination 
as for the sample. A little macerated paper added to the blank after the alpha 
nitroso-beta-naphthol reagent facilitates filtration and washing. 

(g) Calculation.— Calculate the percentage of cobalt as follows: 


Cobalt, per cent 


{A - B) X 0.734 
C 


X 100 


where A = grams of CojO*, 

B = correction for blank, in grams, and 
C = grams of sample used. 


2. Carbon Steels and Other Steels Containing Under 0.10% Cobalt .— Dissohe 10 
g. of the sample in HC1 and cautiously oxidize with just enough HN0 3 . Extract 
the iron with ethyl ether and wash the ether extract once with HC1 (1:1) (see pro- 
cedure for carbon steels in the electrolytic method for nickel). Warm the ether 
extracted acid solution to expel residual ether, and oxidize with KC10 3 . Dilute 
to 200 ml., and complete the determination as described in Section 1. In material 
containing very little cobalt, it is advantageous to combine the extracted acid solu- 
tion obtained in ether separations of a number of separate 10-g samples. 

3. Cast Iron, Open-Hearth Iron, and Wrought Iron .— Determine cobalt in ac 
cordance with the procedure described in Section 2. 


THE NITROSO-R-SALT (PHOTOMETRIC) METHOD 
(E30-60T) (FOR STAINLESS STEEL) 

Scope.— This method covers a photometric procedure for the determination, of 
cobalt in stainless steel, in the range of 0.01 to 0.30% cobalt. 

Summary of Method.— Cobalt, in hot solution buffered with sodium acetate, 
forms an orange-colored complex with nitroso-R-salt. The addition of HN0 3 
destroys interfering complexes and stabilizes the cobalt complex. Photometric 
measurement is made at approximately 520 mu. Zinc oxide precipitation re- 
moves certain interfering elements, and eliminates the need for a correction lor 
background color. 

Concentration Range.— The recommended concentration range is from 0.005 to 
0.15 mg. of cobalt in 50 ml. of solution, using a cell depth of 1 cm. (Note 20). 

Note 20,— This procedme has been written for cells having a l-cm. fight P a ! h * . C ^ S 
having a light path not exceeding 2 cm. may he used, provided the. sample size i 
justed so that the amount of cobalt in the aliquot of the sample solution does noi ex 
0.075 mg. 

rections may be made after solution of the residue and colorimetric determinations of the 
contaminants. . , . s>inwe a 

s* Tests on a 0.5-g. sample of a steel containing 10% of cobalt and 6% of mcke 
but 0.1 i»g. of nickel in the first precipitate. 
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Stabilitv of Color - The color is stable for at least 4 hr. 

InUrtoJceL Iron, chromium, vanadium, nickel, manganese and copper form 
compSes with nitroso-R-salt that deplete the reagent and mhtbtt the format, on 
of the colored cohalt complex. Iron, chromium, and vanadium ate removed from 
1 solution hy zinc oxide precipitation. A sufficient amount of nttroso-R-salt is 
used to provide full color development with 0.15 mg. of cobalt m the piesence o 
90 mg. of nickel, 6 mg. of manganese, and 1.25 mg. of copper Colored comp exes 
of nickel, manganese, and copper are destroyed by treating the hot solution with 

Reagents, (a) Cobalt, Standard Solution (1 ml. = 0.06 mg. Co).— Transfer 
0 3000 &o \ of high-purity cobalt (containing less than 0.3% nickel) to a 400-ml. tail- 
form beaker. Add 15 ml. of HC1 (1:1), cover the beaker and heat until the 
cobalt is dissolved. Add 10 ml. of HC1 and dilute the solution to about 150 ml. 
Neutralize the solution, using pH paper, by the dropwise addition of NH 4 OH. 
Add 1 g. of hydroxylamine hydrochloride and stir well for 1 to 2 min. while the 
salt is dissolving. Add 5 ml. of NH^OH in excess, and dilute to approximately 
275 ml. with water. Electrolyze on a clean platinum electrode, starting with a 
current density of 3 amp. per sq. dm. until the color of the solution begins to turn 
from brown to pink and the cobalt starts to deposit. Continue the electrolysis 
with a current density of 1 amp. per sq. dm. until the deposition is nearly com- 
plete, as indicated by disappearance of the pink color. Alternatively, the entire 
electrolysis procedure may be conducted by controlling the cathode potential at 
—0.9 v. with respect to a saturated calomel reference electrode, preferably with 
an automatic potentiostat. Rinse, dry, and weigh the electrode, and dissolve the 
cobalt from it using a sufficient amount of hot HC1 (1:9) to cover the electrode. 
Rinse the electrode and collect the rinsings in the solution. Dry and reweigh 
the electrode. Dilute the solution to 500 ml. in a volumetric flask and mix. Cal- 
culate the exact concentration of cobalt in the solution on the basis of the amount 
of cobalt dissolved from the electrode. By means of a pipet, transfer 50.00 ml. of 
the solution to a 500-ml. volumetric flask, dilute to volume, and mix. (Note 21.) 

Note 21. -If cells having a 2-cm. light path are used, dilute 50.00 ml. or the cobalt 
solution (1 ml. = 0.6 mg. Co) to 1 liter. 

(b) Zinc Oxide Suspension.— Add finely-powdered ZnO to water in the ratio of 
10 g. of ZnO to 60 ml. of water, and shake thoroughly. The suspension should be 
freshly prepared in an amount sufficient for one day’s analyses. 

(c) Sodium Acetate Solution (500 g. per Iiter).-Dissolve 500 g. of NaC 0 H 3 0„- 

3H 2 0 in about 600 ml. of water, filter and dilute to 1 liter. ’ ' 

(d) Nitroso-R-Salt Solution (7.5 g. per liter) .-Dissolve 1.50 g. of nitroso-R-salt 
in water, filter, and dilute to 200 ml. Do not use solutions more than 1 week old 

Preparation of Calibration Curve. (a) Calibration Solutions.-By means of 
pipets, transfer 5, 10, 15, 20, and 25 ml. of cobalt solution (1 ml. = 0 06 m°- Co) to 
five 100-ml. volumetric flasks and dilute to volume with water. By means of a 

pipet, transfer 10 ml. of each solution to a 50-ml. volumetric flask Proceed in 
accordance with Paragraph (c). 

(b) Reference Solution-Transfer 10 ml. of water to a 50-ml. volumetric flask 
and proceed in accordance with Paragraph (c) s 

(0 Color Development-Add 5 ml. of sodium acetate solution followed by 5 00 

I. of nttroso-R-salt solution, swirling after each addition. Place the flask in boil 
mg water to a depth of at least % in. After 6 to 10 min., add 5.0 ml. of HNO 
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(1:2), and mix by swirling the flask. Continue the heating for 2 to 4 min., re- 
move the flask from the boiling water, and then cool the solution to room tem- 
perature. Dilute to volume and mix. 

(d) Photometry.— Transfer a suitable portion of each solution to an absorption 
cell and measure the transmittance or absorbance against the reference solution at 
520 m/i. 

(e) Cell Correction.— When two absorption cells arc used, fill both cells with the 
reference solution and measure the transmittance or the absorbance at 520 m/i and 
record the cell correction. 

(f) Calibration Factor or Curve.— Apply the cell correction and calculate the 
ratio of milligrams of cobalt to absorbance at each level of cobalt. If the ratios are 
constant, within experimental error, calculate the average value of the ratios to 
find the factor to apply to convert absorbance to milligrams of cobalt. If the 
ratios are not constant, or if for other reasons it is desirable, plot the absorbance or 
transmittance values against milligrams of cobalt per 50 ml. of solution. 

Procedure, (a) Test Solution: 

(7/ Transfer 0.500 g. of the sample to a 100-ml. \olumetric flask. (Note 20.) 
Add 5 ml. of a mixture of 1 volume of HNO a and 3 volumes of HC1. Heat gently 
until the sample is dissolved and then boil Use solution until brown fumes have 
been expelled. Add 65 to 70 ml. of water and cool. 

(2) Add ZnO suspension in portions of about 5 ml. until the iron is precipitated 
and a slight excess of ZnO is present. Shake thoroughly after each addition of the 
precipitant and avoid a large excess. When sufficient ZnO has been added, further 
addition of the reagent causes the brown precipitate to appear lighter in color upon 
thorough shaking. A sufficient excess is indicated by a slightly white and milky 
supernatant liquid. Dilute the solution to volume and mix. Allow the precipitate 
to settle and filter a portion of the solution through a dry, fine paper into a clean, 
dry 250-mi. beaker. By means of a pipet, transfer 10 ml. of the filtrate to a 50-ral. 
volumetric flask and proceed as described in the section on preparation of calibra- 
tion curve 

(b) Reference Solution.— Transfer 10 ml. of water to a 50- ml. volumetric flask. 
Proceed as described in the section on preparation of the calibration curve. 

(c) Photometry.— Take the photometric reading of die sample solution as de- 
scribed in the section on preparation of die calibration curve. 

(d) Cell Correction.— Determine the cell correction in accordance with the section 
on preparation of die calibration curve. 

Calculation.— Apply die cell correction and calculate the percentage of cobalt as 
follows (Note 22): 

. Cobalt, per cent — AF X 2 

where A = corrected absorbance, and 

F = factor, ratio of milligrams of cobalt to absorbance. 

Note 22.— If a calibration curve is used, read the value for milligrams of cobalt from 
the curve. Substitute this value for AF in the equation. 
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THE PHOTOMETRIC METHOD 

Reagents, (a) Cupferron Solution (60 g. per Hter)- 

(b) Standard Titanium Sulfate Solution (1 ml. - 0.0005 g. Ti). 

Procedure. 1. Titanium Steels.-(a) Transfer 0.5 to 1 g. of the sample to a 
400-ml. beaker, add 100 ml. of HC1 (1:4), cover, and heat gently until action ceases. 
Cool the solution to 10° to 15°C., and add cupferron (60 g. per liter) drop by drop, 
while stirring constantly, until the precipitate just assumes a reddish-brown color. 
Additional cupferron only causes more iron to be precipitated. Add an ample 
quantity of ashless paper pulp and filter through an 11-cm. rapid paper. Was i 1- 

to 15 times with cold HC1 (T.9). _ . 

(5) Transfer die paper and residue to a 50-ml. platinum crucible, dry, and ignite 
at a temperature (below 500°C.) just sufficient to destroy the carbon of the filtei 
paper. Fuse the contents of the crucible widi 1 g. of K 2 S 2 0 7 (or a sufficient amount 
to give a clear fusion) at a temperature not over 750° C., and dissolve the cooled 


melt in 25 ml. of H 2 S0 4 (1:9). 

(c) Transfer the cool solution to a 100-ml. volumetric flask, dilute to the mark 
with H 2 S0 4 (1:9), and mix thoroughly. Transfer a portion of the solution to a 
matched absorption cell and use this solution to set the 100% transmittancy point 
on a photoelectric photometer, using a blue filter (425 m n). Add 1 ml. of H 2 0 2 
to the solution in die flask, mix thoroughly, and measure the percentage absorbance 
or transmittance at 425 mjn. Determine the percentage of titanium from a graph 
prepared from data obtained by carrying steels containing known amounts of 
titanium through all steps of the method. 95 

(d) If the steel contains an appreciable amount of copper, filter the solution of 
the sample (Paragraph (a)) through a small paper containing some paper pulp. 
Wash well with hot H 2 S0 4 (1:9). Cool the filtrate to 15° to 20°C. and precipitate 
widi cupferron as described in Paragraph (a). Transfer the paper containing the 
acid-insoluble material to a 250-ml. beaker, add 25 ml. of HNO s (3:7), and heat 
until die copper has dissolved. Add 50 ml. of hot water and a slight excess of 
NH 4 OH. Heat to boiling, filter, and wash the paper and precipitate with hot 
water. Bum off the paper at as low a temperature as possible and add the residue 
to die ignited cupferron precipitate (Paragraph (5)). Fuse the combined residues 
with K 2 S 2 0 7 , and dissolve in H 2 S0 4 (1:9). Determine titanium photometrically 
as described in Paragraph (c). 


(e) If die steel contains vanadium (more especially when small amounts of tita- 
nium are sought), transfer the ignited cupferron precipitate (Paragraph ( b )) to a 
100-ml. platinum dish, add 5 ml. of HF and 10 ml. of HC10 4 , and evaporate to a 
volume of 5 ml. or less. Cool somewhat, dilute to 50 ml., and add an excess of 5 
ml. of NaOH (100 g. per liter). Boil for several minutes, let settle, and filter on a 
9-cm. close-texture paper. Wash die paper and precipitate widi hot water, ignite 

fuse widi a sma 1 amount of K 2 S 2 0 7 , and complete die determination as described 
in Paragraph (c). cu 


concentration of H 3 PQ 4 in the solutions used to prepare the gJ-aph 0 "’ t0 ^ the Same 
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2. Carbon Steels, Open-Hearth Iron, and Wrought Iron Containing Under 0.5% 
Titanium.— Dissolve 5 g. of the sample in 150 ml. of HC1 (1:4), and complete the 
determination as described in Section 1. 

3. Cast Iron.— (a) Add 100 ml. of HC1 (1:2) to 5 g. of the sample, cover, and warm. 
When all action has ceased, cool to 10° to 15®C„ add 2 ml. of cupferron solution 
(60 g. per liter), and filler on a close-texture paper. Wash the insoluble matter 12 
to 15 times with cold HC1 (1:9). 

(i b ) Transfer the paper and residue to a platinum crucible, dry, and ignite under 
good oxidizing conditions in an uncovered crucible until all carbon is gone. Add 
1 to 2 ml. of HF and 1 ml. of HaSOj (1:5), and evaporate to dryness. 

(c) Fuse the residue with 1 to 2 g. of Na 2 CO s . Dissolve the melt in about 50 ml. 
of water, digest for 15 min. at 90® to 95®C., filter, and wash with water. Ignite the 
residue in platinum, and fuse with 1 to 3 g. of K 2 S.,0 7 . 

( d ) Cool, dissolve the melt in 25 ml. of H 2 S0 4 (1:9), and complete the determi- 
nation as described in Section 1, Paragraph (c). 

ZIRCONIUM 

THE CUPFERRON-PHOSPHATE METHOD 

Reagents. Diammonium Phosphate Solution (120 g. per liter). 

Procedure. 1. Zirconium Steels ( Absence of Niobium and Tungsten).— (a) 
Transfer 2 to 3 g. of the sample to a 250-nil. beaker. Add 100 ml. of HCI (1:4), 
cover, and heat until action ceases. Dilute to 150 ml., cool to 10® to 15®C., pre- 
cipitate with cupferron, filter, and fuse the ignited precipitate with K 2 S 2 0 7 as de- 
scribed for the determination of titanium. Dissolve the cooled melt in 100 ml. of 
H 2 S0 4 (1:9), and filter through a small paper to separate any siliceous matter that 
may be present. Wash with H 2 S0 4 (1:9). 

(5) To the filtrate, add 2 ml. of H 2 0 2 and 25 ml. of (NH 4 ) 2 HP0 4 (120 g. per 
liter). Stir vigorously and let stand for 1 to 2 hr. at a temperature or 60® to 65®C. 
An excess of H 2 0 2 must be present at all times, and with amounts of zirconium 
under 0.01%, the solution should be allowed to stand at room temperature o\er- 
night. Filter through a 9-cm. paper containing ashless pulp, and wash thoroughly 
with cold NH 4 N0 3 (50 g. per liter). 

(c) Transfer the paper and residue to a platinum crucible and ignite very care- 
fully so that the paper chars but does not flame. When the paper has charred, 
gradually increase the temperature until all carbon is gone, and then heat at about 
1050®C. for 15 min. Cool in a desiccator and weigh as ZrP^O-. 

(d) In very accurate analysis, test the pyrophosphate for titanium by fusing widi 

4 to 5 g. of K 2 S 2 0 7 and dissolving the melt in 40 ml. of H 2 S0 4 (1:9) containing 

5 ml. of H 2 0 2 (3%). If titanium is present, determine it colorimetrically in ac- 
cordance with the photometric method for titanium in steels, Paragraph (c), and 
calculate to Ti 2 P 2 O fl . 

(e) Calculation.— Calculate the percentage of zirconium as follows: 

. {A-B) X 0.344 w <An 

Zirconium, per cent — X 100 

where A = grams of ZrP 2 07 (Paragraph (c)), 

B = grams of TijPjOj (Paragraph (d)) } and 
C — grams of sample used. 
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2. Carbon Steels, Open-Hearth Iron, Wrought Iron, and Cast Iron.— Dissolve 5 
g. of the sample in 150 ml. of HC1 (1:4) and complete the determination as de- 
scribed in Section 1. 


ALUMINUM 

TEIE BICARBONATE-SODIUM HYDROXIDE METHOD (SMALL 
AMOUNTS OF ALUMINUM IN THE ABSENCE OF 

BERYLLIUM) 

Reagents, (a) Hydrogen Sulfide Wash Solution.— Saturate HC1 (1:99) with H 2 S. 

(b) Ammonium Thiocyanate Solution.— Dissolve 4 g. of NH 4 CNS in 100 ml. of 
ethylene glycol monomethyl ether (methyl cellosolve). 

(c) Ammonium Molybdate-Hydrazine Sulfate Solution.— Dissolve 0.15 g. of hy- 
drazine sulfate in 100 ml. of water. Dissolve 1 g. of ammonium molybdate 
((NHJoMoO.,) in 100 ml. of H 2 S0 4 (1:5). Dilute 10 ml. of the ammonium molyb- 
date solution to 90 ml. with water, add 1 ml. of the hydrazine sulfate solution, and 
dilute the mixed solutions to 100 ml. with water. The ammonium molybdate- 
hydrazine sulfate solution is not stable and should be prepared as needed. 

Procedure. 1. Carbon Steels Containing Under 0.1% Aluminum.— (a) Transfer 
10 g. of the sample to a 500-rnl. Erlenmeyer flask and add exactly 110 ml. of H 2 S0 4 
(1:9). Cover the flask with a small cover glass, and heat at 80° to 90°C. until ac- 
tion ceases. Dilute to a volume of 150 ml. with hot water, heat to boiling, and, 
while agitating the solution, add NaHCO., (80 g. per liter) from a buret until a 
slight permanent precipitate forms (approximately 36 ml. in the usual case). Then 
add 5 ml. in excess. 00 

(b) Cover the flask, boil for 1 min., and allow the precipitate to settle. Filler 
through an 11-cm. rapid paper, and wash the flask and precipitate twice with warm 
water. The filtrate may become cloudy through hydrolysis of iron, but this is of no 
consequence. 

(c) Return the paper and precipitate to the flask. Add 40 ml. of HC1 (1:3), 
cover the flask, and heat moderately until the precipitate has dissolved. Agitate the 
flask until the paper is pulped, and then filter the solution through a 9-cm. close- 
texture paper into a 400-ml. beaker. 07 Wash the paper and residue 8 to 10 times 
with hot HC1 (5:95) and then 3 to 4 times with hot water. Reserve the filtrate. 

(d) Place the paper in a platinum crucible 08 and ignite under good oxidizing 
conditions and at a low temperature (not over 500 c C.). Fuse the residue with 1 to 
1.5 g. of K.,S.,0 7 , and dissolve the cooled melt in the reserved filtrate (Paragraph 
(c)).°° 

00 Chromium, copper, cobalt, nickel, niobium, phosphorus, tin, titanium, tantalum, 
uranium, vanadium, tungsten, zirconium, and ferric iron accompany the aluminum, some 
completely, others in part. 

07 The paper will contain aluminum oxide and aluminum silicate insoluble in H 2 SO.j 
(1:9). Aluminum nitride is soluble in H 0 SO 4 (1:9). If acid-soluble aluminum only is 
wanted, this filtration can be omitted. In this case, dilute the solution to 200 ml., treat 
with H 2 S, filter, and wash, as described in Paragraph (e) above. 

os If the steel contains from 0.1 to 1% of elements such as copper or chromium, the 
paper and residue preferably should be ignited in porcelain at a low temperature (to pre- 
vent fusion with the glaze), and the ignited residue then transferred to a platinum cru- 
cible for the fusion. 

00 If a determination of acid-insoluble aluminum is desired, dissolve the melt in 20 
ml. of HC1 (1:3), dilute to 100 ml., treat with HoS, filter, oxidize with HN0 3 , treat with 
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(e) Dilute the solution to 200 ml. with hot water, and pass a brisk stream o£ H 0 S 
through the solution as it cools to room temperature. 100 Filter the solution through 
a 9*cm. close-texture paper into a 400-ml. beaker. Wash the beaker and paper well 
with H 2 5 wash solution. 

( f ) Boil the filtrate until the H 2 S is expelled. Add 2 ml. of HNO a (or an amount 
sufficient for complete oxidation of the iron), and reduce the volume of the solu- 
tion to about 75 ml. by boiling. Nearly neutralize die acid solution with NaOH 
(100 g. per liter) (about 50 to 60 ml. is usually required), heat to about 70°C., and 
pour slowly into 120 ml. of hot NaOH (100 g. per liter), while stirring vigorously. 
Boil for 1 to 2 min., cool to room temperature, and filter through double 11-cm. 
close-texture papers, 101 catching the filtrate in a 600-ml. beaker. Wash the precipi- 
tate several times with NaOH (5 g. per liter). 102 

(g) Make the filtrate slightly acid with HC1, add 10 ml. of NH 4 NO a (500 g. per 
liter), and heat the solution just to boiling. Add a few drops of methyl red indi- 
cator, and carefully add NH 4 OH, drop by drop, until die color of die solution 
changes to a distinct yellow. Boil the solution for 1 to 2 min., allow to digest until 
the precipitate has coagulated (usually 10 to 12 min.), and filter through a 9-cm. 
rapid paper. Wash die beaker and paper 3 or 4 times with hot, neutral NH 4 NO a 
(20 g. per liter). 

(h) Return the paper and precipitate to the beaker, add 40 ml. of HC1 (1:3), and 
digest until the precipitate has dissolved. Macerate die paper to a pulp. Dilute 
the solution to a volume of 125 to 150 ml., and repeat die precipitation with 
NH 4 OH as previously described. Transfer the precipitate to the filter, and wash 
well with hot, neutral NH 4 N0 3 (20 g. per liter). 

(t) Transfer the precipitate and paper to a weighed platinum crucible, and ignite 
until die carbon is gone. Cool, and treat the precipitate with a few drops of H 2 S0 4 
(1:3) and 2 to 3 ml. of HF. Evaporate to dryness, and ignite to constant weight 
at 1200°C. 

(j) Examine the igpited oxides for Fe 2 0 3 , P^O-, Cr 2 0 3 , and V 2 O s in accordance 
with Paragraphs (k) to (o). 

(A) Fuse die ignited oxides with 1 g. of K 2 S 3 0 7 . Dissolve the melt in 20 ml. of 
HC1 (1:1), dilute the ..solution to exactly 50 ml. with water, and mix dioroughly. 

(l) Iron.— Transfer a 2-ml. aliquot of the solution (Paragraph ( A )) to a test tube 
and add 8 ml. of ammonium thiocyanate solution. Compare die color developed 
with that of reference standards prepared in the same way. 

(m) Phosphorus.— Transfer a 2-ml. aliquot of the solution (Paragraph (A)) to a 
250-ml. beaker and add 30 ml. of ammonium molybdate-hydrazine sulfate solution. 
Heat on a steam bath for 15 to 20 min. (until the color is fully developed) and 
then cool the solution. Dilute to 50 ml. widi ammonium molybdate-hydrazine sul- 
fate solution, and compare the color with that of reference standards prepared in 
the same way. 

NaOH, and complete the determination of aluminum as A1 2 0 3 , as describe in the method 
for total aluminum (Paragraphs (g) to (g)). 

Almost all steels- contain small amounts of tin, which may be removed comeniently 
at this point. 

101 it is recommended that the paper first be washed two or three times with hot NaOH 
(20 g. per liter) and the washings discarded, in order to eliminate the possibility of ex- 
traction of organic matter by the solution. 

102 in work of high accuracy, the NaOH separation must be made in platinum (prefer- 
ably), quartz, or Vycor-glass \essels. Alkaline solutions, especially when hot, extract silica 
and alumina from glass or porcelain vessels. 
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(n) Chromium— Neutralize the remainder of the solution (Paragraph ( k )) with 
NaOH (300 g. per liter), and then add 10 ml. in excess. Add a few milliliters of 
H.,Oo (3%)» and boil until the chromium is oxidized. Cool, and compare the color 
with that of reference standards prepared in the same way. 

(o) Vanadium.— Acidify the solution used for the determination of chromium 
with H 2 S0 4 (1:1), add a few milliliters of H 2 0 2 (3%), and compare the color with 
that of reference standards prepared in the same way. 

(p) Blank— Make a blank determination, following the same procedure and using 
the same amounts of all reagents. 

(q) Calculation —Calculate the percentage of aluminum as follows: 

{A - B) X 0.529 

Aluminum, per cent = — X 100 

where A = grams of AI 2 O 3 from sample, corrected for Fe 20 3 , P 2 O 5 , Cr 2 03 , and V 2 O 5 , 
B = grams of AI 2 O 3 from blank, corrected for FeoC> 3 , P 2 O 5 , O 2 O 3 , and V 0 O 5 , and 
C = grams of sample used. 


LEAD 

THE SULFIDE-MOLYBDATE METHOD 

Reagents, (a) Ammonium Molybdate Solution (50 g. per liter).— Dissolve 10 g. 
of ammonium heptamolybdate ((NH 4 ) ( .Mo 7 0 24 > 4H 2 0) in 200 ml. of water by heat- 
ing gently. If the solution is not clear, filter it. One milliliter will precipitate 
approximately 0.055 g. of lead. 

(b) Hydrogen Sulfide Wash Solution.— Saturate HC1 (1:99) with H 2 S. 

Procedure. 1. Carbon Steels Containing Over 0.01% Lead.— (a) Transfer 5 to 10 
g. of the sample to a 600-ml. beaker and add 50 to 100 ml. of HC1 (1 : 1 ). Cover the 
beaker and heat to hasten solution of the sample. When the sample has dissolved, 
evaporate the solution just to dryness in order to expel the excess acid , 103 but do 
not bake . 104 Add 400 ml. of hot water and heat, while stirring occasionally, until 
the iron salts have completely dissolved. Add 10 g. of NH.,C1, and pass a rapid 
stream of H 2 S through the solution for at least 10 min. Filter through a hardened 
paper , 105 and wash with cold H 2 S wash solution. 

(b) Dissolve the PbS in hot HNO a (1:1), 10U catching the solution in a 250-ml. 
beaker, and wash the paper thoroughly with hot water. The filtrate and washings 
should not exceed 100 ml. Add 2 g. of tartaric acid. When the acid has dissolved, 
neutralize the solution with NH 4 OH and add 5 ml. in excess (or each 100 ml. of 
solution. Heat the ammoniacal solution to boiling, add 10 ml. of ammonium 
molybdate (50 g. per liter), and boil for a few minutes until the lead molybdate 
(PbMo0 4 ) has coagulated. Filter through a close-texture paper containing some 

103 This step is important, as the pH of the solution when treated with HoS has a de- 
cided influence on the completeness of the PbS precipitation. The proper "pH for the 
precipitation is between 2.0 and 2.5, and the pH should be adjusted so that it falls within 
this range. Below a pH of 1.8 the PbS is not quantitatively precipitated, and above a 
pH of 3.0 iron accompanies the PbS. 

104 If the salts are baked, they are not completely soluble in hot water. 

105 Whatman 41H filter paper, or equivalent, is satisfactory for this purpose. 

108 Be sure that the PbS has completely dissolved and nothing but free sulfur remains 
on the paper. Usually about 10 ml. of the hot acid are sufficient to dissolve the PbS 
completely. 
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paper pulp and wash thoroughly with hot, slightly ammoniacal NH 4 N0 3 ( 5 Q g, 
per liter). 

(c) Transfer the paper and precipitate to a weighed procelain or quartz crucible, 
and ignite to constant weight in a muffle at COO" to G50°C. Cool in a desiccator 
and weigh as PbMo0 4 . 

(d) Calculation.— Calculate the percentage of lead as follows: 

Lead, per cent = ^ ^ 0.564 ^ jqq 
B 

where A = grams of PbMoOi, and 
B = grams of sample used. 


NIOBIUM 

HYDROLYSIS WITH PERCHLORIC AND SULFUROUS ACIDS 

Reagents . (a) Sulfurous Acid (6%). 

(b) .Sulfuric-Succinic Acid Solution.— Dissolve 5 g. of succinic acid in 500 ml. of 
H 2 S0 4 (1:4). Add a slight excess of KMii0 4 . 

(c) Ferric Phosphate Solution.— Dissolve 100 g. of Fe.,(S0 4 ) 3 in I liter of water to 
which 150 ml. of H 3 P0 4 (85%) and 20 ml. of H 2 S0 4 (1:1) have been added. Add 
KMu 0 4 (25 g. per liter) until the solution is just tinted pink, due to the excess 
of KMn0 4 . 

(d) Standard Potassium Permanganate Solution (0.05 N). 

(e) Ammonium Chloride Wash Solution.— Dissolve 20 g. of NH 4 CI in water, add 
I ml. of NHjOH, and dilute to 1 liter. 

Procedure. 1. Niobium Steels (Tungsten Absent).— (a) Transfer 2.5 g. of the 
sample to a 400-ml. beaker, add 25 ml. of HC1 and 5 ml. of HN0 3 , cover the 
beaker, and heat gently until action ceases and only carbides of niobium and other 
elements remain undissolved. Add 30 ml. of HCI0 4 and evaporate to white fumes. 
Cover the beaker and continue the boiling for at least 10 min., heating in such 
a maimer that HCI0 4 refluxes on the sides of the beaker. Cool somewhat; then 
add 175 ml. of water, 50 ml. of FLSO-j, and some ashless paper pulp. Boil the solu 
tion for 10 min. to hydrolyze niobium, and then digest at 65° to 70 # C. for about 
15 min. Filter the solution through an 11-cm. close-texture paper containing ash- 
less paper pulp. Wash the beaker with HC1 (1:49) and scrub it with a filter paper 
moistened with HCi (1:49). Add the paper to the filter and wash the residue and 
papers with HCI (1:49) until free of HC10 4 (12 to 15 washings). 

(b) Transfer the precipitate and papers to a 50-mi. platinum crucible or a 50-ral. 
platinum dish, char the paper, and ignite at a dull red heat. The residue consists 
of niobic and tantalic oxides contaminated by SiO.j and other oxides. 

(c) To the residue in the platinum crucible (Paragraph ( b )), add 3 to 5 ml. of 
HF, 2 ml. of HC10 4 , and 6 ml. of H 2 S0 4 (1:1). Evaporate to dense white fumes 
and continue heating until the volume of the solution is reduced to about 2.5 ml. 
Hydrofluoric acid must be completely expelled, as it prevents hydrolysis of niobium 
in the subsequent precipitation. If any niobic acid separates, add 1 ml. of H 2 S0 4 
and continue the beating for 1 to 2 min. Cool the crucible somewhat, and trans- 
fer the contents to a 400-ml. beaker by means of 200 ml. of hot HCI (1 :49). Scrub 
the crucible witli a filter paper moistened with HCI (1:49), and add the paper to 
the solution. 
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(d) To the solution (Paragraph (c)), add 50 ml. of H 2 S0 3 . Boil the solution for 
10 min., add ashless paper pulp, and warm the solution at 65° to 70°C. for about 
15 min., or until the supernatant liquid is clear. Filter through a close-texture 
paper containing paper pulp. Wash thoroughly with HC1 (1:49). 

(e) Place the paper in a BO-rnl. platinum crucible or a 50-ml. platinum dish and 
char the paper at a low heat. Then ignite, preferably in a muffle furnace, at 1000° 
to 1050°C. to constant weight (usually about 15 min.). Cool in a desiccator and 
weigh as Nb.,O s . The weighed residue will contain any tantalum and most of the 
tungsten present in the steel. 107 

(f) Calculation.— Calculate the percentage of niobium as follows: 


Niobium, per cent 

where A = grams of Nb20s, and 
B = grams of sample used. 


A X 0.699 
B 


X 100 


Niobium by Titration with Potassium Permanganate (Tantalum by Differ- 
ence).— (g) If desired, the actual niobium content can be determined by reduction 
in a Jones recluctor followed by titration with 0.05 N KMn0 4 , as described in 
Paragraphs ( h ) to (/). 

(/;) Add 0.0500 g. of TiO L > and 3 g. of K 2 S 2 0 7 to the oxides in the platinum cru- 
cible. Pleat moderately until the oxides are dissolved. Cool the melt and add 5 
ml. of H 2 S0 4 . Heat until the melt is dissolved. Transfer the solution to a 250-ml. 
beaker, and rinse the crucible with three 5-ml. portions of H 2 S0 4 . Then rinse the 
crucible with 20 ml. of the sulfuric-succinic acid solution. Stir the solution and 
dilute to 100 ml. Add KMn0 4 to a distinct pink color. The solution is now ready 
for passing through tire Jones reductor. 

(i) If the reductor has been standing idle, pass 100 ml. of warm (40° to 50° C.) 
H 2 S0 4 (5:95) through it and then some water, and discard the wash solution. Place 
25 ml. of the ferric phosphate solution in a 1-liter suction flask, and connect the 
flask and reductor so that the tip of the reductor is immersed in the solution. Open 
the stopcock and, without allowing the zinc at the top of tire reductor to become 
dry at any time, pass through the reductor in succession 150 ml. of the warm 
(70°C.) sulfuric-succinic acid solution, the warm (60°C.) solution of niobium, 100 
ml. of warm sulfuric-succinic acid solution, and three 50-ml. portions of hot water, 
closing the stopcock with the water just covering the top of the zinc. 

0) Cool the flask and solution in ice water or by adding ice cubes made from dis- 
tilled water. Transfer the solution to an 800-ml. beaker, add 2 drops of 1,10- 
phenanthroline-ferrous sulfate indicator, and titrate with 0.05 N KMn0 4 to the 
disappearance of the red color. 

(k) Blank— Make a blank determination by fusing 0.0500 g. of TiO„ with 3 g. of 
K 2 S 2 O t , dissolving the melt in the sulfuric-succinic acid solution, passing the solu- 
tion through the reductor, and following exactly the same procedure as used for 
the analysis. 


Small amounts of platinum may be found occasionally in the final ignited oxides 
In very accurate work the oxides should be examined for platinum, which, if found 
should be determined and deducted. The ignited residue may also contain small amounts 
of tungsten and phosphorus. If the tungsten content is suspected or known to be over 
the procedure described in the section on Tungsten Steels, Paragraphs (a) to (d) 
shall be followed for results of the highest accuracy. r ' ' ' 
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(1) Calculation.— Calculate the percentages of niobium and tantalum as follows: 


Niobium, per cent ; 
Tantalum, per cent = 


(A - B)C X 0-0465 
D 

1.43F) X 0.819 


(£- 


X 100 
X 100 


where A = 
B = 
C = 
D = 
E = 
F = 


milliliters of KMn 04 solution required for titration of the sample, 

milliliters of KMnO« solution required for titration of the blank, 

normality of the KMnO< solution, 

grams of sample used, 

grams of mixed oxides (Paragraph (?)), and 

grams of niobium determined as described in Paragraphs (g) to (£). 


2. Molybdenum and Titanium Steels.— (a) Determine niobium in accordance with 
the procedure described in Section 1 («) to (<*). If the steel contains more than 
0.5% of molybdenum or 0.1% of titanium, the final hydrolysis precipitate will 
contain small amounts (about 0.1 to 0.02%) of each of these elements. The nio- 
bium (plus tantalum) value indicated by the weight of the ignited oxides (see 
Section 1 (e) can be coirccted for these elements as described in the following 
Paragraphs (b) and (c). 

(b) Dissolve the ignited oxides in 3 to 5 ml. of HF, add 10 ml. of H 2 S0 4 (1:1), 
and evaporate to white fumes to expel all HF. Cool to about 15°C., cautiously add 
20 to 25 ml. of H„0 3 (3%), cool, and compare the yellow color with a titanium 
standard similarly prepared. 108 

(c) Add NaCNS and SnCl 2 , extract the colored compound (preferably with butyl 
acetate), and compare with a molybdenum standard similarly treated. 

(cl) Calculate the weights of molybdenum and titanium to MoO a and Ti0 2 and 
correct the weight of Nbo0 3 accordingly. Calculate the percentage of niobium as 
described in Section 1 (/). 

3. Tungsten Steels.— (a) Dissolve the sample and precipitate niobium as de- 
scribed in Section 1 (a). Tungsten will also accompany niobium and shall be re- 
moved as described in Paragraphs (5) to ( d ). 

(b) Ignite the precipitate in a platinum dish. Transfer the ignited precipitate 
to the original 400-ml. beaker, add 20 ml. of NaOH (100 g. per liter), cover, and 
heat to boiling ior about 3 min. Dilute to 100 ml. with water, add an excess of 
HC1, and heat to boiling to dissolve any iron present. Add an excess of about 1 
ml. of NH 4 OH, and heat until only a faint odor of ammonia persists. Filter on a 
9-cm. paper containing a little ashless paper pulp, and wash 18 to 20 times with 
hot NH 4 Cl wash solution. 

(c) Ignite in a 50-ml. platinum dish at a low temperatuie, cool, and add 3 to 5 
ml. of HF, 2 ml. of HCI0 4 , and 6 ml. of H 2 S0 4 (1 : 1). Evaporate to dense white 
fumes, and continue the heating until the volume has been reduced to about 2.5 
ml. Cool, cautiously add approximately 5 ml. of cold water, and transfer to a 
400 ml. beaker containing an excess (about 50 ml.) of NH 4 OH (1:4). Rinse the 
dish well with HC1 (1:49). Scrub the dish with a filter paper moistened with HC1 

los Niobium gives a very slight color with HoOo in H^S0 4 (1:9). equivalent in terms 
of titanium to about 0.2% of the niobium; for example, with 1% niobium, 0.002 should 
be subtracted from the indicated titanium (1.0 x 0.002). 
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(1'49) and add the paper to the solution. Should the solution become acid duiing 
the rinsing of the dish with HC1 (1:49), add bromcresol purple as indicator, and 
then carefully add NH 4 OH until the solution just becomes purple. Boil 1 min., 
or until only a faint odor of ammonia persists, filter on a 9-cm. close-texture paper, 
and wash the filter and precipitate 12 to 15 times with hot NH 4 C1 wash solution. 

(d) Transfer the paper and precipitate to the 400-ml. beaker, add 100 ml. of 
HC1 (5:95) and 20 ml. of HoS0 3 , and boil the solution for 3 to 5 min. Digest at 
65° to 70°C. for about 15 min., or until the precipitate has settled. Filter through 
a close-texture paper containing paper pulp, wash thoroughly with HC1 (1:49), 
and complete the determination in accordance with Section 1' (e) to (/). 

NIOBIUM AND TANTALUM 

THE HYDROLYSIS (PHOTOMETRIC) METHOD (E30-60T) 

Principle of Method.— Niobium and tantalum are separated by double hydrolysis. 
The final mixed oxides also contain tungsten and titanium. Tantalum is deter- 
mined photometrically by measurement of the color produced with pyrogallic acid. 
Niobium and tungsten are determined by double photometry by measurement of 
the color produced with hydroquinone at two different wavelengths. 

Concentration Range— The recommended concentration ranges are 0 to 4 mg. 
of tantalum per 100 ml. and 0.0 to 0.4 mg. of niobium per 100 ml., using a cell depth 
of 1 cm. Other cell depths may be used by making suitable adjustments in the 
sample size. 

Stability of Colors.— The stability of the colored complexes of tantalum, niobium, 
and tungsten is quite satisfactory. However, there is a very slow increase in the 
color densities due to intensification of the basic colors of the color-developing 
reagents themselves. Consequently, the reagents should be prepared just before 
use. Careful control of time and temperature are essential. 

Interfering Elements.— {a) In addition to niobium and tantalum, the hydrolysis 
residue contains nearly all of the tungsten (if the tungsten is not in excess of that 
which can be carried down by the niobium and tantalum), and a small but sig- 
nificant amount of any titanium present. The presence of these elements neces- 
sitates the application of corrections as indicated in Paragraphs ( b ) and ( c ). 

(b) Corrections Required for Tantalum.— The total absorbance reading at 430 
m/A includes that due to tantalum plus absorbances due to titanium, niobium, and 
tungsten. The interference effect of these elements may be expressed as follows: 

0.1 mg. Ti (0.01% Ti on 1-g. aliquot) = approximately 0.02 to 0.03% Ta 

10 mg. Nb (1% Nb on 1-g. aliquot) = approximately 0.01% Ta 

1 mg. W (0.1% on 1-g. aliquot) = approximately 0.005% Ta 

The titanium interfeience is veiy significant and, therefore, correction must be 
made on all determinations. The interferences of niobium and tungsten are very 
small, but corrections should be made in analyses requiring the highest accuracy 

(c) Corrections Required for Niobium and Tungsten.-The total absorbance 
readings at 400 and 520 m^t include those due to niobium and tungsten plus ab- 
sorbances due to titanium at 400 and 520 M m and to tantalum at 400 m/i . The 
interference effect of these elements may be expressed as follows: 
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(7) At 400 mu: 

0.01 mg. Ti (0.025% Ti on 0.04-g. aliquot) = approximately 7 absorbance units 
0.1 mg. Ta (0.25% Ta on 0.04-g. aliquot) = approximately 10 absorbance units 

(2) At 520 mp: 

0.01 mg. Ti (0.025% Ti on 0.04-g. aliquot) = approximately 1 0 absorbance units 

These corrections are quite small but should not be ignored in analyses requiring 
the highest accuracy. 

Reagents, (a) Ammonium Oxalate Solution (40 g. per liter).—To 80.0 g. of 
ammonium oxalate add appioximntely 1 liter of water and heat until dissolved. 
Transfer the hot solution to a 2000-mi. volumetric flask and immediately dilute 
nearly to the mark with cold water. Cool to room temperature, dilute to die mark, 
and mix. 

(b) Pyrogallic Acid Solution (500 g. per liter).— Each determination requires 20 
ml. Prepare the amount required (just prior to use, since this solution gradually 
becomes colored) in a glass-stoppered Erlcnmcyer flask in the ratio of 50.0 g. of 
pyrogallic acid to 100 ml. of water. Swirl occasionally until dissohed. The time 
required for dissolution is about 1 hr. 

(c) Hydroquinone-Sulfuric Acid Solution (00 g. per liter).— Each determination 
requires 100 ml. Prepare the amount required (just prior to use, since this solu- 
tion gradually becomes colored) in the Tatio of 6 g. of hydroquinone per 100 ml. 
of H 2 S0 4 . Stir occasionally until dissolved. The time required for dissolution is 
about 1 hr. 

(d) Stannous Chloride Solution (300 g. per liter).— Dissolve 30 g. of SnCl 2 *2H 2 0 
in 100 ml. of HC1 (1:1) by heating in a covered beaker. Cool and store in a glass- 
stoppered bottle. 

(e) Standard Tungsten Solution (1 ml. = 0.1 mg. W).— Dissolve 0.0897 g. of 
Na 2 W0 4 -2H 2 0 in water and dilute to 500 ml. 

(f) Standard Titanium Solution (1 ml. = 0.15 mg. Ti).— Fuse 0.125 g. of Ti0 2 
(less than 0.01% Ta or Nb) in a platinum crucible with 4 to 6 g. of KHS0 4 or 
NaHS0 4 . Leach in 100 ml. of H 2 S0 4 (1:1), dilute to about 200 ml., filter, and 
dilute to 500 ml. with water. Standardize as follows: transfer 50-ml. aliquots to 
each of two 250-ml beakers, add 15 ml. of H 2 S0 4 (1:1), and cool to 5* to 10°C.; 
precipitate the titanium with 15 ml. of cupferron (aqueous solution (60 g. per 
liter)); add paper pulp, filter, and wash with cold water 8 to 10 times; ignite and 
weigh as Ti0 2 . Calculate the titanium equivalent of the solution, in milligrams 
per milliliter, as follows: 

A vn 5995 

Titanium equivalent = ^ X 1000 

where A = grams of Ti02. 

(g) Standard Titanium Solution (1 ml. = 0.015 mg. Ti).— Dilute 10 ml. of tita- 
nium solution (1 ml. = 0.15 mg. Ti) to 100 ml. in a volumetric flask. 

(h) Standard Tantalum Solution (1 ml. = 0.25 mg. Ta).— Add 10 to 15 drops o 
H 2 S0 4 (1:1) to 0.272 g. of K 2 TaF 7 (less than 0.01% Ti or Nb) contained in a 
platinum crucible and evaporate to dryness under a hot plate or on a sand bat i. 
Add 4 to 6 g. of K.HS0 4 or NaHSQ 4 and fuse at a low temperature until clear; heat 
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= 0.8 mg. Nb) to 100-ml. volumetric flasks. Proceed as directed in Paragraph (a) 
(7) and (2) for the determination of tantalum. 

(2) Plot the absorbance readings against milligrams of niobium per 100 ml. From 
die known amount of niobium present in the sample (as determined in the Pro- 
cedure), the absorbance correction to be applied to the tantalum reading can then 
be determined. 

(c) Correction of Tantalum Absorbance for Tungsten Present: 

(7) Transfer 5.0, 10.0, 15.0, and 25.0-ml. portions of die tungsten solution (I ml. 
= 0.1 mg. W) to 100-ml. volumetric flasks. Proceed as directed in Paragraph (a) 
(/) and (2) for the determination of tantalum. 

(2) Plot the absorbance readings against milligrams of tungsten per 100 ml. 
From die known amount of tungsten present in the sample (as determined in the 
Procedure), the absorbance correction to be applied to the tantalum reading can 
then be determined. 

(d) Correction of Tantalum Absorbance for Titanium Present: 

(7) Transfer 1.0, 2.0, 4.0, and 6.0-mI. portions of the titanium solution (1 ml. = 
0.15 mg. Ti) to 100-ml. volumetric flasks. Proceed as directed in Paragraph (a) 
(7) and (2) for the determination of tantalum. 

(2) Plot the absorbance readings against milligrams of titanium per 100 ml. 
From die known amount of titanium present in the sample (as determined under 
Tantalum Determination below), the absorbance correction to be applied to the 
tantalum reading can then be determined. 

Preparation of Correction Curves for Niobium and Tungsten, (a) Correction 
of Niobium Plus Tungsten Absorbances for Ti Present: 

(7) Transfer 1.0, 2.0. 4.0, and 6.0-ml. portions of the titanium solution (1 ml. = 
0.015 mg. Ti) to 125-mi. Phillips beakers. Proceed as directed under Niobium 
Determination below for die determination of niobium and tungsten. 

(2) Plot the absorbances at 400 m/i and 520 ni/x against mg. titanium per 100 ml. 
From the known amount of titanium present in the sample (as determined in 
Paragraph (d) of die piocedure). the absorbance corrections to be applied to the 
niobium plus tungsten readings at each wavelength can then be determined. 

(b) Correction ol Niobium Pius Tungsten Absorbance at 400 m ft lor Tantalum 
Present: 

(7) Transfer 1.0, 2.0, 3.0, 4.0, and 5.0-ml. portions of the tantalum solution (1 ml. 
= 0.025 mg. Ta) to 125-mi. Phillips beakers. Proceed as directed in the procedure 
for die determination of niobium and tungsten, obtaining absorbance readings at 
400 m/t only. 

(2) Plot the absorbances at 400 m/t only (tantalum shows no absorption at 520 
m/t) against mg. tantalum per 100 ml. From the known amount of tantalum pres- 
ent in the sample (as determined in die following Section), the absorbance correc- 
tion to be applied to the niobium plus tungsten reading at 400 m/t can then be 
determined. 

Separation of Niobium and Tantalum by Hydrolysis.— (a) Transfer 2.0 g. of 
sample to a 400-ml. beaker. If the niobium content is less than 0.20% (or if the 
tantalum content is less than 0.05%), use a 4.0-g. sample and increase the acid addi- 
tions in proportion. Add 20 ml. of HC1 and 5 ml. of HNO a , cover the beaker, and 
beat until action ceases and only carbides of niobium and other elements remain 
undissolved. Add 25 ml, of HC10 4 and evaporate to fumes. Cover the beaker and 
continue the fuming for at least 5 min. after the chromium is oxidized, heating m 
such a manner that the HC10 4 refluxes on the sides of die beaker. Cool somewhat. 
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add 175 ml. of hot water and 50 ml. of saturated H 2 S0 3 solution. Place a small 
piece of hardened filtered paper under the end of the stirring rod to prevent 
bumping and boil for 5 min. to hydrolyze the niobium, tantalum, and tungsten. 
Stir in a small amount of ashless paper plup and digest at 60° to 70°C. for at least 
30 min. (preferably 4 hr. or more). Filter through a medium paper containing a 
little paper pulp. Wash the beaker with hot HC1 (2:98) and scrub it with a piece 
of hardened paper moistened with HC1 (2:98). Add the paper to the filter, wash 
the beaker once more, and then wash the precipitate and paper with hot HC1 
(2:98) until free from perchlorates (about 10 to 12 washings). 

(5) Transfer the precipitate and paper to a 30- or 40-ml. platinum crucible, char 
the paper, ignite at 1000°C. or higher for 10 min., and allow to cool. The residue 
consists of the oxides of niobium, tantalum, tungsten, titanium, and silicon plus 
small amounts of other oxides. 

(c) Moisten the residue in the crucible with H 2 S0 4 (1:1) and add 3 to 5 ml. of 
HF. Evaporate cautiously to dryness, add 3 to 5 g. of KHS0 4 or NaHSO., and fuse 
at a low temperature until clear and then at a dull red heat for 1 min. Leach 
the fusion by heating in 100 ml. of HC1 (2:98) in a 400-ml. beaker, and rinse and 
remove the crucible. 

(< d ) Dilute to 200 ml. with hot HC1 (2:98), add 40 ml. of saturated H 2 S0 3 solu- 
tion, boil for 5 min., add some ashless paper pulp, and digest at 60° to 70°C. for 
at least 30 min. (preferably 4 hr. or more). Filter and wash as directed for the 
first precipitation. 

(e) Transfer the paper and precipitate to a platinum crucible, char at a low 
heat, and then ignite at 1000°C. or higher for 10 min. 

(/) Cool, add 3 to 5 g. of KHS0 4 or NaHS0 4 , and fuse at a low temperature until 
clear and then at a dull red heat for 1 min. (A blank consisting of 3 to 5 g. of 
KHS0 4 or NaPIS0 4 should be started at this point, fused in platinum, and treated 
in the same manner as the sample.) Cool nearly to room temperature, add 5 
drops of H 2 S0 4 , and again heat at a temperature just high enough to obtain a 
clear melt. Do not heat longer than is necessary' lest an excessive amount of H..SO, 
be volatilized. Cool the fusion, leach in 50 ml. of ammonium oxalate by heating 
gendy in a covered 250-ml. beaker. Remove the- crucible and rinse with a small 
amount of water. Cool, transfer to a 100-ml. volumetric flask, dilute to the mark 
with the oxalate solution, mix thoroughly and reserve (Solution “A”). 

Determination of Tantalum— (a) Transfer 50 ml. (representing 1.0 g. of sample) 
of Solution “A” to a 100-ml. volumetric flask. Add 10 ml. of H 3 PO, (1:3) and 
dilute to 60 to 75 ml. with oxalate solution. Add 20 ml. of freshly prepared py- 
rogallic acid solution, mix, dilute to the mark with oxalate solution, and mix 
thoroughly. Allow to stand for 10 to 15 min. for complete color development. 
During this period adjust the temperature to within ±1°C. of that temperature at 
which the calibration curve was established (a temperature close to the average 
room temperature is recommended). 

(' b ) Add a PO rti on of the blank solution to a 1-cm. cell and adjust the spectro- 
photometer to zero absorbance at 430 m/*. Measure the absorbance of the sample 
and record as: 1 


Tantalum absorbance (uncorrected) 

(c) The tantalum absorbance must be corrected for the absorbances due to 
niobium, tungsten, and titanium as follows: , 
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Tantalum absorbance (concctcd) = A — (B + C + D) 

where A ~ total absorbance from curve, 

B = niobium absorbance at 430 m/i, 

C = tungsten absorbance at 430 mpt, and 
D = titanium absorbance at 430 ni/x. 

The absorbance corrections to be applied arc based on the milligrams of niobium, 
tungsten, and titanium present in die 50-mi. aliquot (equivalent to I K* of sample) 
used for the tantalum determination. These aic determined as directed in the 
following sections. 

(d) The milligrams of niobium and tungsten present ate determined as directed 
in the next two sections. Since a 2-ml. (or 5-ml.) aliquot is used for the niobium 
and tungsten determinations, die milligrams of niobium ami tungsten found are 
multiplied by 25 (or 10) to obtain the milligrams per 50 ml. Then, by reference to 
the correction curves for niobium and tungsten (Paragraphs (ft) and (c) of Calibra- 
tion and Correction Curves) the absorbance corrections to be applied to the tan- 
talum reading may be determined. 

(c) The milligrams of titanium present is determined as follows: transfer a !& 
ml. aliquot of Solution "A” to a 23-ml. volumetric flask; add 1 ml. of Ho$0 4 
(1:1), 1 ml. of H^Oo (30%); dilute to the mark, and mix; adjust the photometer 
to read zero absorbance at 430 ni/* against water; and then measure the absorbance 
of the unknown solution; determine the amount of titanium present from a 
previously prepared calibration curve. Then: 

Titanium, mg. per 50 ml. = titanium found. mg. X ~ 

By reference to the titanium correction curve (Paragraph (d)) the absorbance cor- 
rection to be applied to the tantalum reading can be determined. 

<j) From the corrected absorbance for tantalum as determined in Paragraph (c). 
the milligrams of tantalum picsent can be obtained by reference to die tantalum 
calibration curve (Paragraph (a)). Then, 


Tantalum, per cent = -- X --- X 
. . .... 1000 ^ B * C 

where A = milligrams of tantalum, 

B ~ weight of original sample, and 
C = milliliters in aliquot. 

For a 2-g. sample diluted to 100 ml. and a 50-ml. aliquot taken: 


Tantalum, per cent = — ^ 


vHvl2£. 

1000 2 50 


10 


.V.w £. JU IU 

Detennhuuio,, of Niobium (am, T,m g „„ With a„ original sample f 
of 2.0 g. use a 2-ml. aliquot of Solution "A" for niobium, contents over 0.5%: fM 
'e 5 th ““,°- 5 % ““>»■“>"»* =■ 5-tttl. aliquot. Transfer to a 125-tnI. Phillip* 

Also start a blank at this point consisting of 2 ml. (or 5 mi.) of tire blank solution 
prepared n accordance vmh Paragraph </) 0 r the hydrolysis separation of niota® 
and tantalum To sample and blank, add 10 ml. of H. SO. and 1 ml. of IV°< 
(L3), evaporate to dense svht.e fumes, and fume gently for 10 min. Cool dre flask 
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ami co,.U-uu .o room mmpcrarua-. Ariel I drop only of S„CI mluuon ,<> rodme 
the iron and molybdenum, and mix immediately and thoroughly. Add •«PP>° M * 
mately 50 ml. of the hydioquinone solution and mix thoroughly. jraiislei to a 
drv lUO-ml. volumetric llask and rinse out the Phillips beaker 3 to i tunes with ap- 
proximately 10-ml. portions of the hydrotjuinone solution, adding eath washing to 
the volumetric flask. Dilute to the mark with the huhoquiuom: solution and mix 
thoroughly. Allow to stand for 10 to 15 min. for complete color development. 
DuriujT this period adjust the temperature to within ju-l'C. of that temperature that 
was selected for calibration. 

(b) Using 1 cm. cells, adjust the spectrophotometer to /cm absorbance at Pit) mp 
with the blank solution. Measure the absorbance of the sample solution at Sun 
m/c Adjust to zero absorbance at 5-0 up* with the blank solution. Measure the 
absorbance of the sample solution at 520 mp. 

Repeal this sequence of operations for each sample. 

(c) The total absorbance values at each wavelength must he cot ret ted for the 
absorbance due to titanium, in addition, the total absorbance value at lun nip 
must be corrected for the absorbance due to tantalum. There is no correction for 
absorbance due to tantalum at 520 nip. The absorbance corrections to be applied 
are based on the milligrams of titanium and tantalum piescut in the 2-ml. (or 
5-ml.) aliquot used for the niobium and tungsten detetmination. Deteimine the 
absorbance corrections in accordance with the following Paragraphs (d) and (e). 

(</) Calculate the milligtams of titanium per 2 ml. (or 5 ml.) as follows: 


mg. Ti/2 ml. (or 5 ml.) 


mg. Ti/20 ml. (preceding set lion {<•)) 
io (or -1) 


By reference to Paragraph (a) of the titanium correction curve, the corrections 
to be applied to the total absorbance readings at 100 and 520 mp may he deter- 
mined. 

(e) Calculate the milligrams of tantalum per 2 ml. (or 5 ml.) as follows: 


m s . Ta/2 ml. (or 5 ml.) „ ?!K: -T“Z55i i"*.- lor.r.iior: 

25 (or 10 ) 

By reference to Paragraph (6) of the tantalum correction curve, the correction 
to be applied to the total absorbance at 100 mp may be? detet mined. 

(/) Calculate the corrected absorbance readings at -100 and 520 nip from the fol- 
lowing equations: 


Corrected absorbance at -100 mg - .1 — (// -f C ) 

Corrected absorbance at 520 mg -- D — E 
where .-1 = total absorbance at -100 mg, 

B = absorbance due to titanium at -100 in/i (Paragraph («) of correction curves) 
C - absorbance due to tantalum at 400 mg (Paragraph ( b ) of correction curves)’ 
u - total absorbance at 520 mp, and 

E = absorbance due to titanium at 520 mg (Paragraph (a) of correction curves). 

•tnd^i.n^f COrreacd : ‘ bsorba,l ce readings, determine the milligrams of niobium 

Calculi™ pre fv U n by ° £ ^ tonnul:,s ^ivcA in the next section. 

nip is din-r? 1 !!’ i !! Dete " I11,,c tbe^ slopes for I mg. of niobium at 100 and at 520 
ccted below and express in terms of absorbance X HUH). 
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For a 2-g. sample diluted to 100 ml. and a 2 ml. aliquot taken: 

,1 100 100 v 5 

Niobium, per cent - — X ^ ^ " •» '> 


(g) The following order of calculations i 
readings for tantalum at lad um. and l«>r 
him. for the absorbances due to titanium. 
Calculate the per cent of niobium and 
tungsten (preliminary values). Based on 
these preliminary values, make the ic- 
maining corrections of the tantalum ab- 
sorbance for the absorbances due to nio- 
bium and tungsten. Calculate the tan- 
talum value (final). Based on the imal 
tantalum value, correct the niobium and 
tungsten absorbance at SOU m;r. Calcu- 
late the niobium value (final). 

NITROGEN 

THE DISTILLATION- 
TITRATION METHOD 

Apparatus .— The apparatus recom- 
mended for the determination of nitro- 
gen by direct distillation is shown in Fig. 
21-10. The apparatus consists essentially 
of a dropping funnel fur introducing 
reagents, an 800-ini. long-neck Kjeldahi 
flask, a condenser, and a modified Vol- 
itat'd nitrogen receiving flask. The ap- 
paratus recommended for the determi- 
nation of nitrogen by distillation with 
steam is shown in Fig. 21-11. The ap- 
paratus is essentially the same as that 
shown in Fig. 2-1-10, with the addition of 
suitable means of passing steam through 
the solution in the Kjeldahi flask. 

Reagents, (a) Selenium.— Powdered s 


recommended: Correct the abvrrbauce 
niobium and tungsten at 100 and a20 



1-tc;. 21 - 10 . Apparatus lot Dclcimmathm 
of Nitrogen In Distillation: ,1, gl.nv hook 
for hanging up snipper: U, 12.*»-ml, separa- 
tor tunnel; ('. special Kjeldahi tuhhci 
stopper: P. sOtl-ud. fongnetk Kjehlabl tlask: 
t. electric heater: /’. condenser; (»„ water 
outlet: U, water inlet; l, mollified Vothaul 
nitiogcn ictcning flask. 

lenium. 


(b) Low-Ammonia Water.-Nearly fill a 12-1. flask with distilled water. Then 
add -1 g. of NaOH pellets and 2 g. of l)evarda\s alloy or 2 g. of a zinc-topper 
couple made by rolling together 15 sq. cm. of zinc and 15 sq. cm. of copper foil. 

Jgest at 90 to 95°C. for 12 to 1G hr., and then boil vigorously until the volume 
« reduced to about 9 to 10 1. ' umt 


(c) Low-Ammonia and Alkali Water.-Prcpare 9 to 10 l. of iow-ammonia water 

and JC w anCe W “, h PaK, , brraph {b) ‘ Com,cct l,le {i; ‘ sk a Wock-tin condenser 
and heat on an electric heater to distill the water. Test each 100 ml. of distillate 
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(b) Transfer 0.0, 2.0, 4.0, and 6.0 ml. of the niobium solution (I ml. = 0.1 mg. 
Nb to 125-mi. Phillips beakers. Treat as in the determination of niobium (pre- 
ceding section), using the blank solution to adjust the instrument to zero ab- 
sorbance. 

(c) Calculate the slopes at 400 and 520 mu by dividing the absorbances by the 
milligrams of niobium present. 

(d) Determine the slopes for tungsten at 400 and 525 him as directed for niobium 
in Paragraphs ( b ) and (c), using 0.0, 2.0, 4.0, and 6.0 ml. of the tungsten solution 
(1 ml. = 0.1 mg. W). 

(<?) The colored compounds of the niobium and tungsten present absorb in- 
dependently of each other; therefore, the following simultaneous equations may 
be set up. 

Let: 

4400 “ the absorbance X 1000 at 400 m/x, 

As 20 = the absorbance X 1000 at 520 m/x, 
a = milligrams of niobium present, 
b = milligrams of tungsten present, 

X and X} =* slope for niobium at 400 and 520 m;x respectively, and 
Y and Y l — slope for tungsten at 400 and 520 m/x respectively. 

Then: 

X a + Yb — 'Loo 
X a l + JV * 4 6 2o 

Solving for a and b will give formulas for calculating the milligrams of niobium 
and tungsten present in the sample (Note 23). 

Note 23 fcxamp/e —The slope foi niobium is equivalent to absorbances per mg. ot 1233 
and 314 at wavelengths 400 and 520 niu, rcspcclivel). The slope for tungsten is equivalent 
to absorbances per mg. of 331 and 361 at wavelengths 400 and 520 in n, respectively. 

Then: 


1233a -f 33U = 4 40 o m/x 
314a + 361 b = 4b2o m/x 

Solving for a and b: 

a(mg. Nb) = 0.00106 4*00 - 0.00097 4 S2 q 
K mg- VV) =* 0.00361 4 62 o - 0.00092 A m 
(0 Calculate the per cent of niobium as follows: 


Niobium, per cent — 


^ wlOO 

1000 B 


100 

x ~c~ 


where 4 = milligrams of niobium, 

B = weight of original sample, and 
C *= milliliters in aliquot. 
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For a 2-g. sample diluted to 100 ml. and a 2-ml. aliquot taken: 


TSu 


... . . .'1 100 100 

Niobium, per cent ~ X — ~ x - — 

1 1000 22 


A *r 


(L 6 


(S) The following order of calculations is lecommendcd: Correa tin* absorbance 
readings for tantalum at 1.(0 m/i, and for niobium and tung-.um at WO and V'ti 
niM, for the absorbances due to titanium. 

Calculate the per cent of niobium and 
tungsten (preliminary values), based on 
these preliminary values, make the re- 
maining corrections of the tantalum ab- 
sorbance for the absorbances due to nio- 
bium and tungsten. Calculate the tan- 
talum value (final), based on the final 
tantalum value, correct the niobium and 
tungsten absorbance at -100 up,. Calcu- 
late the niobium value (final). 


nitrogen 

THE DISTILLATION. 
TITRATION method 

Apparatus.- The apparatus recom- 
mended for the determination of nitto. 
Si,./’ ‘‘‘ xa distillation is shown in Fig. 
, * , rile “PParams consists essentially 

0 . a dropping funnel for introducing 
n C ,‘ , | CniS ' an I 800 ' ml - long-neck Kjcldahl 
Inrrl’ a . con dcmser, and a modified Vol- 

ard nitrogen receiving llask. The to. 

r„ r lhc 

SEeim 0 nutu”cn I... (li.iiJl;nion with 
m ls sh °wn m Fig. 21-11. The m- 
paratus is essentially the same as tint 

1 So'; Hg - - l 1 °’ ■<>«.- ticUlin-.,,, ;,r 



f Nh..w„ J'ffitoji"'. 'r^rr? 

.uVTStT'TK “k! iffk V* 

* 

»nt logon tccening llask. 


r i,„ , . , • ig steam 

ic solution m the Kjcldahl llask 

-rBssssr-T* , 

-■Htaae S:;£zB AT tesar 


water. 


*T' . * * ^^imeiiser 

1 Cad ‘ 100 »d. of distillate 
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with Nessler reagent until the distillate is free of ammonia. Then collect the 
distillate in a large glass bottle. 

(d) Sulfuric-Phosphoric Acid Mixture.— To 1 liter of low-ammonia water, add 
slowly, while stirring. 300 ml. of H.,S0 4 . Cool, and add 00 ml. of H 3 P0 4 . The 
mixture shall be prepared in an atmosphere free of ammonia fumes. 



STEEL AND IRON 7: ’ 7 

fe) Standard Sulfuric Acid (0.01 A’).— Add 3 nil. of HfO , , (!:!») «> ™ * 

wiwr uid dilute to 1 liter. Standardize as follows: transfer 2a ml of the diluted 
H.tSO. to a small beaker and atld 25 ml. of water and 2 (hops of phimolphtlMlcm 
indicator: titrate with 0.01 X NaOM to a faint persistent |>mk: ami wnui for 
die blank titration on the same volume. 

(h) Sodium Hydroxide Solution {XYS g. per liter).™ I tumfer .1 - • o ‘ is I m 

water to a G-l. flask and mark the flask at the level of the liquid. Add I ' *> K- 
NaOM and shake the flask to dissolve the NaOff. Add 1 00 ml. of Ha T ( K- 
per liter). 5 g. of Devarda's alloy or 5 g. of the /im iopper couple (fee l'.itagtaph 
(M). and 7UU ml. of water. Digest at 0U* to d5C. for several Imuts ami bod vig- 
orously until the volume is reduced to 5 1. After the precipitate has settled, de- 
cant the nearly clear solution into a bottle provided with .« glass stoppei, 

(i) Standard Sodium Hydroxide Solution (0.01 S). 

Procedure.— (ti) Transfer 3 g. SJ » of the sample if the nitrogen tonunl is under 
0.1%, or 2 g. if the nitrogen content is 0.1%, or over, to a 500- or hOn-nd. cvjeld.dd 
flask. Add 0.2 g. of powdered selenium ami 50 or 70 ml. of fLSO,41(PO, miv 
lure, depending upon whether 2 or 5 g. of the sample were taken. m Heat until 
the sample is dissolved and then evaporate rapidly until white fumes ate dh- 
tinctly visible. Without cooling, rinse the neck of the llask with 10 ml. of ILSO, 
(100%). Digest 2 to 1 hr., regulating the heat so that lire solution boils gently 
and there is a slight amount of fumes escaping at the outlet of tlu- flask. Coot 
somewhat, and add 200 ml. of low-ammonia water. Stir and heat gently to dis- 
solve salts as completely as possible. Avoid evaporation of much water. It is 
important that iron salts lie dissolved: chromium salts will not dissolve. Continue 
in accordance with Paragraph (</), 

(b) Some steels may not dissolve in the 1 1^0,41,1*0, mixture. If they are 
soluble in HG1. dissolve the sample in HO, add 11^0,41.(1*0, mixture, amt pro- 
ceed witli evaporation and digestion in accordance with Paiagtaplr (a). 

(c) Some steels, notably high-cobalt, will dissolve in neither the I1.2>0,-IL1’0, 

mixture nor HC1, but are soluble in dilute IICIO,. In this tasc pjoued as fol- 
lows: Transfer 5 g. of the sample to a 300-mb Krlenmeyer flask. Add 50 mb of 
HCIO, and 20 mb of water. Heat on a steam hath until the sample is dissolved. 
Add 50 mb of water and filter through a small paper (previously washed with 
low-ammonia water). Wash the paper several times with UC1 (1:00) and reserve 
the filtrate. Place the paper in art 800-mb Kjeldahl fiask. Add 10 g. of IwSO,, 

1 g. of CuSO.,, and 20 mb of I'LSO,. bleat the flask, moderately at first, and then 

at a temperature below the boiling point of the acid until frothing ceases. The 
flask should not be heated directly above the surface of the liquid. Increase the 
heat so as to boil the contents of the flask for 15 to 20 min. after the .solution has 
become colorless. Cool to room temperature and add the previously reserved fil- 
trate. Continue in accordance with Paragraph (</). 

(<i) Rinse the condenser, bottom stopper, and' receiving flask with low-ammonia 

chmlm,'.™ r S r an , M>lc ? xtl . shuuM lw according to the nitrogen and 

I m o If chromatin is under 02. g.. there should be no seiiuus humniug. 

nJ r nr ,?!! 8 '-,° chron 1 min ! is bumping may he corrected by adding a frag- 

s , n - i vo .° S1 U ' 1 combustion tube, carborundum civstals, or similar material. If 
ui a Vg S'ide° CCU1S WU l a r ” g ‘ sa, "i >,c ,,f ;ni *8% chromium steef, it is advisable to 

the* electd rn 1 ° ma ^' 8 .‘ V V* low rcsu \ ls [<>r Slt 'els containing silicon nitride, especially for 
me electrical steels containing more than 1.73% silicon. 1 • ’ 
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and alkali water. Place 10 ml. of water, or a sufficient amount to form a seal, in 
the receiving flask or bulb, and add 4 drops of the mixed indicator solution. Add 
an amount of 0.01 N H 2 S0 4 just sufficient to turn the indicator red. 112 When 
the nitrogen content of steel exceeds 0.01%, also add to the neutralized solution 
10 ml. of water, mixed indicator solution, and a measured amount of 0.01 N 
H 2 S0 4 approximately equivalent to the nitrogen. Tilt the receiver to ensure a 
seal and fit it securely to the bottom of the upright condenser by means of the 
rubber stopper and a suitable support. Cover the outlet of the receiver with a 
glass cap to prevent contamination. 

(c) To an 800-mi. Kjeldahl flask add 125 ml. 113 of NaOH (333 g. per liter) if 50 
ml. of the H 2 S0 4 -H ; ,P0 4 mixture were used (Paragraph («)). Add 150 ml. of 
NaOH (333 g? per liter) if 70 ml. of the I-LSOj-HaPO, mixture were used or if 
the HC10 4 -H.,S0 4 digestion (Paragraph (c)) was used. Rinse the inside and out- 
side surfaces of the glass tubes carried by the special Kjeldahl stopper with water 
and then rinse, with low-ammonia water, the inside and outside surfaces of the 
glass parts that extend into the flask. Shake olf the water and fit the stopper 
firmly into the neck of the Kjeldahl flask. Connect the end of the trap bulb to 
the upright condenser, and clamp the distilling flask firmly in place on the sup- 
port. 

(/) Transfer the acid solution of the steel, obtained in accordance with Para- 
graph (a), ( b ), or (c) through the separatory funnel into the distillation flask. If 
direct distillation (Fig. 24-10) is to be used, rinse with 75 ml. of low-ammonia 
water to make the total volume about 400 ml. If steam distillation (Fig. 21-11) is 
to be used, omit this extra portion of water. Close the top of the separatory fun- 
nel with a stopper. Adjust a proper flow of cooling water through the condenser 
and place the electric heater about Vi in. from the bottom of the Kjeldahl flask. 
Do not rest the flask on a ring clamp, but heat the bottom and sides of the flask. 
If steam distillation is used, both the Kjeldahl flask and the steam-producing flask 
shall be heated. Distill as rapidly as possible until 100 to 110 ml. of distillate 
have been collected, as indicated by a mark on the receiver. Remove the receiver 
and heater. 

(g) If not previously done, add 4 drops of the mixed indicator to the distillate. 
If the solution is green, titrate with 0.01 N H L ,S0 4 to a wine-red color. Read the 
buret to 0.01 ml., if possible. With steels of low nitrogen content, a 5- to 10-nil. 
microburet is helpful. 

(/i) If the initial amount of 0.01 N H 2 S0 4 added to the receiving flask was in 
excess of the ammonia distilled (solution wine-red before titration), add from a 
buret sufficient 0.01 N NaOH to turn the indicator green, and then add a small 
measured excess. Titrate with 0.01 N H 2 S0 4 as described in Paragraph (g). 

(i) To obtain the equivalent of the added 0.01 N NaOH, add exactly the same 
amount of 0.01 N NaOH as before (Paragraph (/i)), and again titrate with 0.01 N 
H 2 S0 4 to the wine-red end point. 

(j) Blank.— Make a blank determination, following the same procedure and using 

112 W. R. Sayie, in a private communication, has shown that small amounts of am- 
monia aie completely absorbed by water alone. 

One milliliter of the H 2 S0 4 -H3P0 4 mixture requires for neutralization about 1-25 
ml. of NaOH (333 g. per litei); 1 ml. of H.,S0 4 (100%) requires about 4.5 ml. of NaOH 
(333 g. per liter); and 1 ml. of HC10 4 requires about 1.4 ml. of NaOH (333 g. per liter). 
The amount of NaOH solution recommended should, therefore, provide an excess of about 
15 to 20 ml. r 
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TM) 


, ht . attK amounts of all teascnu. The blank should no. exceed 0.3 ■"!. and 

should he uniform* . , * «* # 

(k) Calculation.— Calculate the percentage of mitogen a. follows. 

[(,1 + B - C) ~ H> + ic zlA (i >' 0 01401 
Nitrogen, per cent — — " ' *“ 


n 


X 100 


where ,1 = milliliters of H,SO. ( added to the absorption flask for tin* sample ( Paragraph 

B - mi 1H liters of H : SOi requited for titration of the sample I Paragraph G;.r «»r 

C = milliliters of lijSOi equivalent to NuOH solution added when wimple it 
titrated in accordance with Paragraph (A) (determined in accordance with 


Paragraph (.’)), 

D — milliliters of Il.SOt added to the absorption flask for (IK* bium;, 

£ = milliliters of H.<SO ( required for titration of the blank, 

F ~ milliliters of HjSOt equivalent to the NaOH solution athlctl to the blank 
(determined in accordance with Paragraph (.•)). 

G — normality of the I 1;SQ|, and 
H — grams of sample used. 


BORON 


THE DISTILLATIONCURCUMIN (PHOTOMETRIC) METHOD 
(FOR PLAIN CARBON STEELS CONTAINING 
UNDER 0.0UH PER CEN T OF BORON) 

Principle of Method,— Boron is sepaiatcd by distillation as methyl borate, The 
isolated boric acid reacts with curuunin tu imm a tusccoloied compound. The 
photometric measurement is made at approximately a Ur m>». 

Concentration /{tinge.— The tccommerulccl conceuttation range is (torn iMJUl to 
0.008 mg. of boron in IU0 ml. of solution, vising a cell depth <»f 2 cm, 5u 

Stability of Color.— The color is stable for about I hr. 

Interfering Elements.— The elements ordinarily present in steel do not interfere. 
The analyst should exercise cate to see that phosphoric acid does not sptay over 
during tire solution or distillation of the sample, as phosphoric acid will bleach 
the color. 

Apparatus, (a) Apparatus for Determination of Union by Distillation.— The ap- 
paratus shall he suitable for the distillation of methyl hoi ate from a phosphoric 
acid solution of steel. A typical arrangement is shown in Fig. 2112. 

I lasks A and B shall he lUO-ml,, w i tie* n cck quart/ flasks. 11 ^ 1 he remainder of 
the apparatus, including tire traps (with the exception of the condenser jackets) 
shall be constructed of low-boron glass. 110 


111 This procedure Iras been written for a cell having a 2-cm. light path. Cells having 
other dimensions may he used, provided suitable adjustments can he made in the amounts 
of sample and reagents used. 

so »rcvs Of Slipply Of suitable quart/, flasks are: The Amersil Co., Inc, m 
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(b) Casseroles.— Pot cclain casscioles of 300-inl. capacity, preferably new. 

(c) Water Bath.— An automatically conn oiled water bath capable of maintain- 
ing a temperature of 55" ± 3®G. 

(d) Filtering Crucible.— A frittcd-glass crucible of fine porosity. 

Reagents. 111 (a) Standard Boric Acid Solution (1 ml. = 0.002 mg. B).— Transfer 

0.572 g. of HjBO a , to a 500-ml. volumetric flask, dilute to the mark with freshly 



Fic. 2-1-12. Apparatus tor Determination of ISoron by Distillation: A. solution llask: B, 
receiving flask; C. trap; I), auxiharv condenser. 


distilled water, and mix 
flask, dilute to the mark 
boron container. 


Transfer 10 ml. of this solution to a I-liter volumetric 
with freshly distilled water, and mix. Store in a low- 


r-,rn C ?nn^„, Hydl ? X,de Sus P'“s‘0'> <5.6 g. CaO per Iiter).-Ignitc low-boron 
. u, (U.0001% or less of boron) in a platinum dish at 500” to 600”C. Grad- 
ually raise the temperature to I000-C. and hold at this temperature for at least 
an min. Cool and grind in an agate mortar. Add 5.6 g. of the finely ground CaO 
to 1 liter of freshly distilled water, and store in a low-boron container. Thor- 
oug i y mix t le solution each time before drawing off a portion for use in analysis. 

All solutions and reagents shall lie stored in bottles made of low-boron glass. 
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(d) ^"dd’o, g. of NaOH pellets to 0.5 liter of absolute metliauol, 
and distill in low-boron apparatus. Sum: in a Mw-boion loiiumcr. 

(e) Phosphoric Acid <85Co).-Thc boron content of H> mi. of the l\ : ,l O, ««•'» 

not exceed 0.00 1 mg. 113 _ . . 

(f) Oxalic Acid Solution.- Dissolve 50 g. of oxalic; acid in -M» mb <« acetone 

and filter, d ins solution is stable for approximately two weeks. 

(..) Curcumin Solution {0.115 g. per liter). —Dissolve 0.10 g. of uucumin in 
ml.^of ethanol (05%). filter.'- 1 ' and More, picfci.cbly in a ’mown low-boron bottle. 
This solution should be kept not longer than four weeks. One m two points 
on the calibration curve should he checked each time a new* solution is pupated, 
(h) Acetone.— Low-bourn acetone. 

Preparation of Calibration Curve.-'(o) 1 ransfci !,<'■. -.(••. d-t), and S.tf-nd. alt- 
cjuots of boric at id (t mb (DM2 mg. H) to Hittinb cpi.ul/ flasks ,1 cue Fig. 2Ll2g 
To each flask and to an additional Ibnk to be carried through as a blank, add :» 
ml. of Ca(OH)., suspension {5.C* g. Cat) per lilet). 

(b) Evaporate the contents of the flasks to dry new Add 0,a g. crl !c»w*Ikiioh 


steel to each flask, including the blank. 

(c) To a U)U-mb quaru flask H, add 50 mb of methanol and 5 mb of Ga(OHp, 
suspension (5.15 g. Cat) per liter). To tin* trap add enough C.t(OIl ; L suspension 
(5.(5 g. CaO per liter) to form a liejuid seal. Add 10 mb of MjPO, to the Mask .1. 
containing the sample and assemble the appaiatm as iliusttatec! in Mg. -ML*. 
Turn on the water supply to both the auxiliary conclensei l) and the: condenser 
leading to flask It, and heat the flask c<mtaining the 'ample gently by means of 
a small burner until the reaction ceases. Remove the heal horn the flask, and 
disconnect the water supply from the auxili.uy condenser /). 

(<i) Place flask li in the hot water, and heat until about 25 mb of methanol 
has distilled over into flask A. Then plate both flasks in hot water, and heat so 
that the methanol will cycle evenly between (bisk A and llask /t for 30 min. 

(e) Remove the Masks from the* water baths and n.imfet the solution from flask 
R and from the trap C to a 300-tnb pouelaiu casstiole. Rinse the llask and trap 
thoroughly, first with water, then with two drops of tlC'.l and again with 

water, adding all of the washings to the casserole, Esapoiate to dryness on a 
steam hath, remove, and cool to room tempeiatuie. 

(/) To the residue in the casserole, add 1 mb of MCI (1:1) and 5 mb of oxalic 
acid solution, mix, and add 2 ml. of curcumin solution (0.25 g. per liter). When 
the residue in the casserole has dissolved, evaporate to dryness on a water hath at 
a temperature of 55® -.t 3 c C., and hake for 30 5 miu. at the same temperatuie, 

(g) To the residue in the tooled casseiole, add 25 mb of acetone. After the 
residue has dissolved, filter through a frilled-glass crucible of fine poiosity into a 
100-ml. volumetric llask. Wash the crucible and contents with 25 ml. of acetone, 
using 3- to 5-ml. portions for each washing. Dilute the solution to 1(H) mb with 
cold water and mix well. The color will vary from a yellowish green to a deep 
lose, depending upon the boron concentration. 


fo^tliis* 1 purpose Ult * lU ° f ’ Sta,ulartls sUmtla,<l sim T 1 '-’ Nu - of ingot rum is saii.sfactmy 

lh ^^ on * a,lal > lical r «*8«« ^ "al’O, («5%) has been round satisluctocy for 

wiVh m rtalM fll,el ; I ,a peis contain alcohol-soluble boron; lienee, it is advisable to first 
wash the paper with alcohol and discard the washings. M 
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( h ) Transfer a suitable portion of the solution to an absorption cell, and meas- 
ure the absorbance or transmittance at approximately 540 niji, Compensate or cor- 
rect for the blank. 

(i) Plot the values obtained against milligrams of boron per 100 ml. of solution. 

Procedure.— (a) Transfer to a 100-ml. quartz flask A, 0.5 g. of the sample for a 

steel containing 0.002% or less of boron, 0.25 g. for a steel containing 0.002 to 
0.004% of boron, or 0.10 g. for a steel containing 0.001 to 0.008% of boron. Trans- 
fer to another 100-ml. quartz flask a weight of low-boron steel equal to the weight 
of sample taken, and carry through all steps of the procedute. 

Acid-Soluble Boron.— (b) Proceed as directed in the preceding section (c) to (//), 
reserving the flask A (preceding section (e)) for the determination of acid-insoluble 
boron. 

(c) Using the value obtained, read from the calibration curve the number of 
milligrams of boron present in the sample. 

(d) Calculation.— Calculate die percentage of acid-soluble boron as follows: 

Acid-soIublc boron, per cent = — 

where A = milligrams of boron (Paragraph (c)), and 
B = grams of sample used. 

Acid-Insoluble Boron.— (c) Dilute the solution in flask A, reserved as directed in 
Paragraph ( b ), to a \olumc of 90 ml. with HC1 (1:8). Filter through a 9-cm., close- 
texture, ashless paper containing a little ashless filter paper pulp. Wash out tire 
flask with hot HC1 (2:98) and police the flask well to remove all insoluble material. 
Wash the residue on the filter paper, first with hot HC1 (2:98) to remove the iron, 
and then with cold water to remove the HC1. 

(J) Transfer die paper and residue to a 15- to 20-ml. platinum crucible. Add 5 
ml. of Ca(OH) 2 suspension (5.6 g. CaO per liter), and evaporate to dryness. Ignite 
at 600° to 700’C. until the carbon is completely burned. Add I g. of NnX0 3 and 
fuse die residue, finally tilting and heating die crucible so dial die fusion is col- 
lected in a ball. Cool, remove the greater pan of the fused mass by exerting a small 
amount of pressure on the crucible wall, and transfer the fusion to a clean, dry, 
quartz flask A. Cool to 10° to I5 # C. by placing die flask in cool water. Add 4 ml. 
of H 3 P0 4 to the crucible, warm to dissolve the remainder of die fusion, cool, and 
add to flask A. Rinse out the crucible widi two 3-ml. portions of H 3 P0 4 and add 
to flask A. Assemble die apparatus immediately as directed in the preceding sec- 
tion (c). Heat flask A to obtain complete solution of the fusion, and continue as 
directed in Paragraphs (6) and (c). 

(g) Calculation.— Calculate the percentage of acid-insoluble boron as follows: 


Acid-insoluble boron, per cent = 


A 

B X 10 


where A = milligrams of boron (Paragraph (/)), and 
B = grams of sample used. 


Total Boron.— (li) Total boron equals the percentage of acid-soluble boron plus 
the percentage of acid-insoluble boron. 
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BERYLLIUM 


THE OXIDE METHOD 


Itaigculs. (a) Isoj>roj>yl Ether. 

( b) Ammonium Chloride Wash .Soluiimi.-D^olve 20 g. of • N!l t ( ' 1 m wa “''- 
2 or 3 drops of NU,OII and dilute to l liter. 

(c) Cupferron Solution (GO g. per liter). 

(d) Cupferron Wash Solution.- Add III ml. of cupferron solution (till g. per liter) 
to I liter of 1 1 Cl 

(e) llromcresol Purple Indicator. 

(f) Hydrogen Sulfide Wash Sulution.-Saiu* ate ILSO, (1 :!*!*> with UN. 

Procalure.-^i) Transfer at least 2 gd- 1 of the sample, weighed to the nearest 

0.1)1 g., to a -lOO-nil. beaker. Add 50 ml. of MCI ami 10 ml. of 11X0,. cover, and 
digest until all action ceases, finally evaporate to dryness but do not bake. Cool, 
add 20 ml. of HCI, and evaporate to ft) ml. Dilute to 200 ml. with hot water, heat 
to boiling, and boil for a min. filter through an H um medium paper runt.uuing 
a little paper pulp into a hOti-ml. beaker and wash the paper and residue about la 
times with HCI (2 ‘.OH). Transfer the paper and piecipitale to a platinum ttucibfe. 
ignite at a low temperature to burn oil the tat boil of the filter paper, and reserve. 

(6) Evapotate the filtrate to a sit up, add 50 ml. of HCI (5:2 s, and heat to boiling. 
Cool to 20° C. or below and rinse into a 5U0-rul separatoty funnel, using fisc 5 ml. 
portions of told HCI (5:2). Add 150 ml. of isopropyl ether to the separatory 
funnel, stopper, and shake tor several minutes, releasing tin: ptessure on the 
stopper from time to time timing the shaking. Allow the two layets to separate 
amt draw oil the add layer into the original (i(!0-ml. beaker. Add 25 ml. of ttdd 
HCI (5:2) saturated with isopropyl ether to the separator v funnel, stopper, ami 
shake well. Again draw ofl the add layer into the (SOil urt. beaker, and dtM.ud the 
ether layer. 

(c) Evaporate this solution to a volume of about It) ml., add 10 tut. of UNO., amt 
15 ml. of IlCIO, (Caution) iu the order given, and evaporate to copious white 
fumes. Continue the fuming for about 5 mitt, to oxidise the chromium. Cool 
and dilute to 300 ml. with hot water. Add 5 g. of Nil, Cl and an excess of 2 to S 
ml. of NH 4 OH (1:1) <-■•< and boil for 1 rttin. Filter through air 11-cur. medium 
paper containing a little paper pulp, and wash about 2(1 times with hot NM,Cl 
wash solution. Discard the filtrate. Transfer the paper and precipitate to a 25b- 
ml. beaker and reserve. 

(d) Fuse the residue in the platinum crucible (Paragraph (a)) 1 ** with 5 g. of 


121 this method is writ ten to cou-r a range of from 0.50 m 1,3(1% beryllium. For 
steels containing from 0.05 to 0,50% beryllium, take a proportionately huger sample with 
increased amounts of UGi and UNO;, for solution of the sample, and of ether to remote 

, \ v ,? n ‘ so drat the sample will contain at least 5 mg., and preferably 15 to 50 me, of 

beryllium. * h 

122 Caution.— Nitric acid must always be added before adding HCIO, or serious cxolo- 
sions may occur. ‘ 

secuL T mmm C f S KH .i 0H .specified in Paragraphs (c), <e), (g), (/), and </) j s necessary to 
secure complete pvecipuauon of the beryllium. 2 

**I n } hc absence of tungsten and niobium, the N r a»S«0 7 fusion of the ignited residue 

T h T, ml - ° f HCI <> f N».0»1 added, the solution 

ConSno - r C -’- a,Ul die paper and preerpuate washed with Nil.Ct wash solution, 
conmw precipitate with that transferred to the 250mil. beaker (Paragraph in), and 
complete the determination as directed in Paragraphs {/) to (/). 1 K )) 
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Na 2 S 2 0 7 at a temperature of apptoximatcly 750°C. Cool, and dissolve in 200 ml. 
of hot HC1 (1:19). Add 10 ml. of H.jS 0 3 , boil for 10 min., and allow to settle until 
the supernatant liquid is clear. Filter through an 11-cm. medium paper containing 
a little paper pulp into a GOO-ml. beaker, and wash about 15 times with HC1 (2:08). 
Discard the precipitate. 

(e) Add 2 ml. of HNO ;i to the Hitrate and boil for several minutes. Next add 
an excess of 2 to 3 ml. of NH 4 OH (l:l),* 3a boil for 1 inin., fdter through a 9-cm. 
medium paper containing a little paper pulp, and wash about 15 times with hot 
NH.,C1 wash solution. 

(/) Transfer the paper and precipitate to the 250-ml. beaker (Paragraph (c)), add 
75 ml. of HC1 (1:6), stir well, and boil for about 3 min. Cool to 20° C. or below, 
add a slight excess of the cupfcrron solution, and stir well. 135 Add 1 to 2 ml. addi- 
tional of cupfcrron solution and stir vigorously for several minutes. Filter through 
an Il-cm. medium paper containing a little paper pulp, using moderate suction, 
and wash about 15 times with cold cupfcrron wash solution. Discard the precipi- 
tate. Collect the filtrate and washings in a 600-ml. beaker. 

(g) Evaporate to a volume of about 50 ml. Add 25 ml. of UNO., and 5 ml. of 
HC10.J and evaporate to copious white fumes to destroy all organic matter. Cool, 
add 100 ml. of HC1 (1:19), and heat to boiling. Immediately add a few drops of 
bromcresol purple indicator solution and NH 4 OH (1:1) until the color changes 
to purple; then add 2 to 3 ml. in excess. 123 Boil for 1 min., filter through a 9-cin. 
medium paper containing a little paper pulp, and wash about 15 times with hot 
NH 4 C1 wash solution. 

(/<) Ignite the paper and precipitate in a platinum crucible at a low temperature 
to burn olf the paper. Cool, add 5 g. of NaXOj. mix well, cover, and fuse for 15 
min. at approximately 1 100 c C. Dissolve the cold melt in 100 ml. of hot water, filter 
through a 9-cm. medium paper containing a little paper pulp, and wash about 20 
times with NH 4 C1 wash solution. Ignite the paper and residue in a platinum 
crucible at a low temperature to burn olf the carbon of the filter paper. 126 

(i) Fuse the residue with 5 g. of Na„S J 0 7 at a temperature of 750° to 800'C. 
Leach the cold melt in 100 ml. of hot HC1 (1:9), add an excess of 2 to 3 ml. of 
NH,OH (1:1), 123 and boil for 1 min. Filter through a 9-cm. medium paper con- 
taining a little paper pulp, and wash about 15 times with hot NH 4 C1 wash solution. 
Return the paper and precipitate to the beaker, add 20 ml. of HNO a and 10 ml. of 
HC10 4 , and evaporate to very copious white fumes to destroy all organic matter 
and to dehydrate any silica present. Add 50 ml. of warm water, heat to boiling, 
and filter through a 9-cin. medium paper containing a little paper pulp into a 
250-ml. beaker. Wash about 15 times with hot water and discard the paper. 

0) Add 2 ml. of HC1 and pass in FL.S for about 20 min. to precipitate any plati- 
num picked up from the crucible during the fusions. Filter through a 9-cm. 
medium paper containing a little paper pulp into a 400-ml. beaker, and wash the 
paper and precipitate about 15 times with H^S wash solution. Discard die paper. 
Boil die filtrate for at least 10 min. to expel the H 2 S, add an excess of 2 to 3 ml. 
of NH 4 OH (l:l), 12a boil for 1 min., filter through a 9-cm. medium paper contain- 
ing a little paper plup, and wash about 15 times with hot NH 4 C1 wash solution. 

(k) Ignite the residue in platinum, first at a low temperature to burn off the 

125 An excess of cupferron is indicated when 1 diop forms a snow-white precipitate that 
rapidly disappears. 

iso [f aluminum is present in more than trace amounts, make a second fusion with 
Na 2 C0 3 followed by leaching, filtering, etc. 
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ppcr, awl finally at 12U0*C. for 30 min. (to (oitM.uu weight). Cool, ami weigh 

(i) Calculate the pet tentage of heiyllitint as follow.: 

.1 X 0..V.1 k „ 

Beryllium, per cent - - ---• a too 


where .1 — grains of BeO, and 

1} a grams of pimple used. 
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THE SULElDlvlODlME l lUC TITRATION METHOD 

.i/>/j<mi/m.“*\Vhct« tin K to he minted to the stannous Male am! dcictinincd by 
titration with standard iodine or iotl.it c* Mjhttion. an must he excluded during tin 
rctluuion ami titration to present 

oxidation ol the stannous tin. This /'TAT'.' ' \ 

is usual!) accomplished 1>> keeping .. _ ^ j f | j 

the solution under a blanket of gas- s*cAVar j | Clan S.phco J\ < 

cous CO... It may be accomplidud ,_„L.L. f | I 

in a variety of ways. One ol the iOO-ml. 1 S 

simplest methods is by means of the ‘ :■ : * Efiae.ri.cj4f j I 

apparatus shown in Fig. wi ld., in Xj'T 1 ^i 01 * | | 

which the reduction of tire tin solo- j \ J ' 1 j 

tion is made in a flask <appcd wit it a / \ j j 

rubber stopper containing an I. shape / \ Lead j | 

siphon tube. When reduction is tom !TD V'T - * ,Vc ‘< h * • • 

plete, the entl of the siphon shall be / c s > 

dipped into a saturated solution fit _ / • \ ,, w ,,„ £ r _ f I : ‘ 

.\.iuC() ;i ami set aside to cool, When / ' \ j • - j - s 

cool, the stopper is removed and the /* - - ... A .. ■ j... I 

solution titrated. j" ' ' ' \ T-. j j 1 

Reagents, (a) Potassium Pernran* ( j - LJ j 

ga irate Solution (25 g. KMnO, per C ~“' 1 1 

liter). Fro. 21 15. Apparatus lor Reduction ol Tin. 

(b) Acidified Ammonium Sulfate* 

Hydrogen Sulfide Wash Solution. —Dissolve 50 g. ol (Nil,). SO, in 100 ml. of 1 1..SO ( 
(CIO). Dilute to 1 liter and saturate with H.X. 

(c) Ferric Chloride Solution (fi g. FeCl, per liter). -Dissolve 10 g. ol FeCFpOlHO 
in water and dilute to 1 liter. 

(d) Test Lead (granular). 

(e) Antimony Tric hloride Solution (20 g. SbCL per liter).— Dissolve 2 g. erf SbCI , 
111 ^0 n >l. of MCI, and dilute to 100 ml. with water. 

(f) Sodium Carbonate Solution (100 g. Na.XX)., per liter). 

(g) Starch Solution (10 g. per liter). 

(b) Standard Tin Solution (l ml. 0.001 g. Sn). 

(i) Standard Potassium lodatc Solution (l nil. - 0.0005 g. Sn).— This concemra* 
bon is approximately 0.01 A'. Standardize the K.K) ;i solution as follows: to ISO 
i» . of HCI (1:5) in a JOO-rttl. Erlenmeyer flask, add 20 ml. of KcCl., solution, 1 0.0 
m ' (‘ n solution, 10 g. of test lead, and 1 ml. of ShCl., solution; reduce and ti- 

bate with K.IO., as directed in Paragraphs (f) and (/) of lire Procedure. 


F If.. 21 15. Apparatus lor Reduction ol I in. 
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Procedure, L Steels Soluble in Nitric Acid.— (a) Dissolve 10 g. of tlic sample, 12 ? 
weighed to the nearest 0.05 g., in a coveted 750-mi. Erlenmcyer flask in 100 ml. of 
water and 125 ml. of HNO a (2:3) by wanning. Boil for 5 to 10 min, after solu- 
tion of sample is complete. Gradually add an excess of KMn0 4 solution (5 to 15 
ml. usually suffices), and boil for about 5 min. Slowly add HoS0 3 until in slight 
excess, and then boil for 5 to 10 min. Cool to room temperature. 

(5) If the steel contains tungsten or other insoluble matter, allow the solution 
to stand for 2 hr., add paper pulp, filter through a medium paper into a second 
750 ml. Erlenmcyer flask, and wash a few times with water. Resen c the filtrate. 
Return the paper and precipitate to the original flask, add about 15 ml. of H 2 S0 4 
and 20 ml. of HN0 3 . heat at a moderate tcmpcratiuc until the paper is dcstioycd, 
and then evaporate to incipient fumes of H 2 S0 4 . If organic matter is indicated 
after the fuming treatment, add HN0 3 in increments of 5 to 10 ml. followed by 
heating to incipient fumes until the tungstic acid is bright yellow. When the 
residue is completely decomposed, cool, dilute to 100 ml. with water, heat to boil- 
ing, and digest at near boiling for Ys to 1 hr. Add a small excess of NH 4 OH and 
10 to 15 g. of tartaric acid. When the tartaric acid has dissolved, again add a 
small excess of NH 4 OH and digest at near boiling until solution is complete or 
nearly so (usually V> to 1 hr.). Then add an excess of about 5 ml. of H.,S0 4 and 
heat on a steam bath for Y> hr. Solution is generally complete at this point. If 
not, filter off any lcsiduc and treat again as described above, finally combining the 
solutions with the reserved filtrate. 

(c) Dilute the solution from Paragraph (u) or (5) to about 500 ml,, add paper 
pulp, and pass in a rapid stream of ELS for 30 to 43 min. Let settle for 1 hr., filter 
on an 11-cin. medium paper, and wash with the (NH 4 ) 2 S0 4 -H.>S wash solution. 
Transfer the paper and precipitate to the flask, add about 15 ml. of H 2 S0 4 ‘and 
20 ml. of HN0 3 , heat at a moderate temperature until the paper is destroyed, and 
then evaporate to incipient fumes of H.,S0 4 . If organic matter is indicated on heat- 
ing to fumes, add HN0 3 in increments of 5 to 10 ml. followed by heating until the 
globule of sulfur is bright yellow. Two or three treatments with HNO a generally 
suffices. Finally fume until all traces of HN0 3 arc driven oil. Cool, dilute to about 
100 ml. with water and boil until the solution is clear or until all soluble salts are 
in solution. 

(d) Filter through an 11-cm. medium paper, into a 400-ml. beaker (to remove sul- 
fur and insoluble matter) and wash with water. Dilute to 150 ml., heat to boiling, 
and add KMn0 4 solution dropwise to the boiling solution until a permanent pink 
color persists. Add 20 ml. of FcC 1 3 solution and adjust the volume to about 200 
ml. Heat to boiling, Temove from the heat, add NH 4 OH (1 :1) to slight excess (5 to 
10 ml.), and again heat to boiling. Filter on an 11-cm. medium paper and wash 
the beaker and paper a few times with NH 4 OH (2:98), and finally 2 or 3 times with 
water. Dissolve the precipitate by passing 180 ml. of hot HC1 (4:5) through the 
paper, catching the solution in a 500-ml. Erlenmeycr flask. Finally wash the paper 
3 to 4 times with hot water. Repeat the precipitation of iron and tin by adding a 
slight excess (5 to 10 ml.) of NH 4 OH (1:1). Heat to boiling and filter on an 11-cm. 
medium paper as previously directed. Dissolve the precipitate from the paper with 
180 ml. of hot HC1 (4:5) catching the solution in a 500-ml. Erlenmeyer flask. Dilute 
to about 350 ml.,, and add 10 g. of test lead and 1 ml. of SbCl 3 solution. 

127 For steels containing up to 0.10% of tin. use 10 e. of the sample; for tin contents 
from 0.10 to 0.25%, use 5 g. of the sample. 
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(f) Stopper the flask with the rubber stopper of t ; ig. 21-13. Tighten tin: stopper 
in the flask, heat to boiling. and boil at a model. ite rate until the solution beauties 
colorless: then boil 20 min. mote. Remove from the heat, immcise the exit end of 
the "lass tube in a 250-ml. beaker con tain ini; NaAX)., solution, ami tool the so lit* 
tionlu the flask to at least 10'C. Add a ml. of starch solution and 25 ml. of NaXOj 
solution to the flask by means of pipets, inset tin;; the tip between the stopper and 
the neck, so as to allow as little ait as possible to enter the flask as it may cause 
low ie.su Its. Titrate immediately with Kl(>, solution, covering the flask with a 
rubber or leather washer which contains a hole dunugh which the bluet tip is in- 
setted. Do not agitate the contents of the flask too much while (hinting. but mix 
hv gentle rotation. Titiate to the lust persistent shade of blue. 

(/} Correct for a tcageut blank by cany i tig all the reagents ihtouglt the same 
operations. 

(g) Calculation.— Calculate the percentage of tin as follows: 

(.1 — ll)C 

l m, per cent — — y ~ - -- 1 00 

where .1 — milliliters of KlOa solution required to titrate the sample, 

B — milliliters of KIOj solution required to titrate the blank, 

C ~ tin equivalent of die KID* solution, in grams per milliliter, and 
l) — grams of sample Used. 

2. Steels Insoluble- in Sitric Acid.—(<i) Ttausfcr Kl g. of the sample to a 750-ml. 
lirlcnmeyer flask, add lab ml. of HCI (1:2). and dissolve by wanning on a steam 
bath. When action ceases, catcfully add HNO ;! to oxidize the non (appioximatclv 
10 ml. is requited). Continue in accoidame with Section (b) to (h), ot (c) to (b>. 


MAGNESIUM 

THE 8-HVDROXVQUINOIJNE (MERCURY CATHODE) METHOD 

(TOR CAST IRON) 

Scope.— 'This method covers the determination of magnesium in commercial cast 
items that have been t tea teal by the addition of magnesium, in the tange of 0.00.5 to 
0.25°* 

Principle of Method.— fiitcifetitig elements ate removed by an ether sepaiatiou 
and electrolysis using a meruuy cathode. Altei a hydrogen sulitde sepaiatiou, the 
magnesium is precipitated as the S-hydro.xyquinolate, and finally determined giavi* 
metrically, by weighing the precipitate-, or volumetricaliy, by lmmtfuation with 
KBrO.j-K.llr solution. 

Rengenls. (a) Ammonium Sulfide Wash Solution.— Dilute 50 ml. of NIIjOH to 
1 liter with water and saturate with IDS. 

(b) Ammonium Oxalate Solution (DIO g. per liter).— Dissolve 100 g. of ammo- 
nium oxalate in 300 ml. of water and dilute to 1 liter. 

(c) 8-I-Iydroxytjuinoiine Solution (-10 g. per liter).— Dissolve 10 g. of 8-hydro.xy- 
quinoliue in 200 ml. of acetic acid (1:1), and dilute to 1 liter with acetic acid (1:1). 
niter before use, and prepare fresh as needed. 

W) Potassium Ilromate-Broinide Solution (0.05 iV).— Dissolve 1.3017 g, of IvIltO. 
and 5 g. of KBr in water, and dilute to 1 liter in a volumetric flask (l ml. * 
0-000152 g. Mg). This is a primary standard. 
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(e) Sodium Thiosulfate Solution (0.05 iV).-To standardize, pipct 25 ml. of 0.05 
N KBrO.,-KBr solution into a 125-m). flask. Add 30 ml. ol water. 2 g. of Kl, and 
10 ml. of HC1 (1:1). Titrate with Naj>.,0 3 solution to a light straw color, add 2 
ml. of starch solution, and continue titration to disappearance ol the blue color. 

(f) Starch Solution. 

(g) Iron (Magnesium-Free).— Less titan 0.001% magnesium. 

Procedure.— (a) Transfer 5 g. of the sample to a •100-ml. beaker. Add 10 ml. of 
HC1 (1:1) and heat until action ceases. Carefully add 15 ml. of HNQ 3 (1:1) to 
oxidize the iron, and evaporate to dryness. Cool, add 25 ml. of HCI, and again 
evaporate to dryness. Add 25 ml. of HCI, cover, and digest until salts are in solu- 
tion. 

(5) Transfer the solution to a separatory funnel, rinsing the beaker with HCI 
(1:1). Add 200 ml. of ethyl ether to the funnel, stopper, and shake vigorously. 
Allow the layers to separate, draw oif the acid layer, and gently evaporate (avoid 
free flames) to 5 ml. to remove the ether. Add 20 ml. of HN0 3 and 10 ml. of 
HC10 4 , and evaporate to copious white fumes (Caution). Cool, add 50 ml. of hot 
water, and stir to dissolve the salts. Filter through a coaise-texture paper and wash 
the paper and residue 10 limes with hot water. Discard live residue. 

(c) Transfer the filtrate to a mercury cathode cell, and electrolyze at 3 to 20 amp. 
per sq. dm., depending upon the type of cell, until the bulk of the iron has been 
removed. Transfer the solution from the cell to a 250-mi. beaker with the current 
still flowing, rinsing the cell three times with 10-nvl. portions of water. To the solu- 
tion add 0.3 g. of FeS0 4 (NH 4 ).>S0 4 -6H_,0, and then NH 4 OH (1:1) until neutral 
to litmus paper; finally, add 10 ml. in excess. Pass a rapid stream of H 2 S through 
the solution for 20 min. and allow the precipitate to settle. Filler through a fine- 
texture paper into a 400-ml. beaker and wash 10 times with NH^OH-tLS wash 
solution. Discard the precipitate. 

(d) Add HCI (1:1) to the filtrate until neutral to litmus, and then add an excess 

of 20 ml. Boil the filtrate down to a volume of 25 ml. to remove H«S. Add 10 ml. 
of ammonium oxalate solution and NH 4 OH (1:1) until the solution is neutral to 
litmus. Add an excess of 10 ml., allow to stand for 1 to 2 hr. at room temperature 
(approximately and filler through a coarse-texture paper, to remove any 

precipitate which may have formed, into a 100 ml. beaker. Wash the paper and 
precipitate 6 times with cold ammonium oxalate wash solution and discard the 
precipitate. 

(e) Make the filtrate just acid to litmus with HCI (1:1), heat to 60* to 70'C., and 
add 10 ml. of 8-hydroxyquinoIinc solution. Add NH 4 OH (1:1) until neutral to 
litmus and an additional 10 ml. in excess. Stir vigorously and let stand for 30 min. 
to allow the precipitate to settle. Filter on a weighed frittcd-glass or porcelain cru- 
cible and wash 10 times with hot NH 4 OH (2:98). Then piocccd by either Para- 
graph (/) or ( h ). 

if) Dry the precipitate at JfiO'C. to constant weight and weigh as magnesium 
8-hy droxy quinolate. 

(g) Calculation: 


Magnesium, per cent 


(A - B) X 0.0778 
C 


x 100 


where A — grams of magnesium 8-hydroxyquinolate, 
B = weight of blank, in grams, and 
C — grams of sample used. 
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(/i) Dissolve the washed precipitate in a() ml. of hot 1ICI (1:1) into a 
beaker, by pouring successive portions through the crucible, and then wash the 
crucible thoroughly with hot water. Cool the solution to room lempeiatnre. dilute 
to 150 nil., and add from a buiet an exactly measuied volume of 0.05 X KHrO,- 
Klir solution sufficient to piovide an ext ess of f* ml. Add ~ g. of Kf and titrate 
immediately with 0.05 .V N a ..S •.()., solntion to a light sttaw color, then add ii utl. 
of starch solution and continue the titration to the disappearance of the blue coloi. 
Make the titiation rapidly enough so that the elapsed time from addition of the 
KlhO ,-ls.Br solution to the end point of the titration lines not exicecd 1! min. 

(i) Blank.— .Make the blank deteimination using magnesium-fire iton, following 
tluoiigh all the steps of the procedure and using the same amounts of all teugeuts, 
including exactly the same volume of KBtO.-KBr solution as was needed for the 
unknown. 

(j) Calculation, -Calculate the petcentage of magnesium as follows: 

w . f.l - me x o.iHCni 

Magnesium, per c cm ■ -> - - ' ■ >■' 100 

where « l — milliliters of Na.S-Oi solution icijuited to titrate the blank, 

B - milliiiim of Na.-SjOj solution required to titrate the sample, 

C — normality of Na ACO., solution, and 
D — grams of sample used. 
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uiitil the solution turns blown and slightly cloudy. Stir thoroughly and then add 
(NH )X..O, to dissolve the biown color (1 g. should be enough). Allow the white 
cerium" oxaiale to settle overnight, then filter on a double* paper of medium potos- 
ity and wash thoroughly with an (N 1 1 t)XX,-HXX t -l IX solution (2.:» g.. 1 g..aU0 
ml.). Ignite the precipitate carefully to rare eaith oxides in a fared crucible, f.ool 
and weigh. 

An alternate procedure is to dissolve a sample in <» .V 1L.SO,. filter into a poly- 
ethylene beaker, dilute to It in ml., add H‘>% HI*' and paper pulp, heat 10 to 'its 
min. to precipitate the rare earth fluorides, filter, wash the ptecipiiate with 
H.jSOpMK (1:100), ignite as above. 

CERIUM AND LANTHANUM (PHOTOMETRIC) METHOD 

Apparatus. Spectrophotometer with flame Photometer Attachment. 

Mercury Cathode Celt. 

Procedure.- Dissolve a d g. sample in 10 ml. oi HCI (1:1) with heating. Oxidize 
tile solution caiefully with 5 ml. of UNO,, then add :»() ml. UC*.lO |f and evaporate 
until white fumes occur. Cool, add 1 00 ml. oi HX to dissolve iioit salts, hltei 
and wash the paper and residue with HCI {1:20). Retain the filtrate (Sort: 2 5). 

Non: 21.— Tungsten imi't be icinuvecl, if present, to pi event loss ol rate earths by ad- 
sorption. 

Transfer the paper and contents to a platinum crucible and ash. Heal the ashed 
residue with 2 ml. ol 1 1 1 ; ami 2 ml. MOO, until white fumes appear. Carol, dilute 
with water, and add to the acid solution that will be left from the methyl isobutyl 
ketone extraction. Transfer the original solution to a sepatatoiy funnel contain- 
ing 20 to :50 nil. of HCI (S .V). Add f>0 to <01 ml. of moths! isobutyl ketone and 
extmet the iioa and chiomiuiit into the organic layer. Repeal extiactioits until 
the organic layer is almost colot less. Two to tluee extiactions should be sufficient.. 

lnuisler the acpieous solu turn to a beaker, add 10 ml. each of UNO, and 
HC10, and evaporate to white fumes. Cool, dilute to jo mb, ti.indci to a mer- 
cury cathode cell, and clear oly/c until the iron, chromium, and nickel ate com- 
pletely removed from the solution. Filter the electrolyte into i 500 ml. polv- 
ethylene beaker, wash with HCIO, (1:1 UU); add 10 ml. of HCdO, ami 2U ml. of HF. 
dilute to 100 to 150 mb and heat at ~U J to SOX. for aO min. cm the water hath to 
precipitate the rare earths. Filter, wash the precipitate with HF (l Hull) ami H.,t), 
transfer the precipitate to a weighed platinum crucible and ignite. The weight of 
the residue is the total rare earth elements as oxides. Dissolve the oxides in 2 mb 
of I-LSO., (1:1), transfer to a 50-nib flask and dilute to the ni.uk. Determine 
cerium and lanthanum according to the following procedure*. 

Cerium.— To a measured volume of the acid solution (5 to 10 mb), add f> mb of 
H - rS0 » ( 1:l )> antl 1 «d. of AgNO.j (0.10 g. per liter); dilute to 80 mb Add 200 
m 8; o[ K e s e°s- heat gently, then boil to destroy the excess K.._,.S. J O v Cool, transfer 
t0 a 100-rnl. volumetric flask, and dilute to the mark. Transfer" 10 mb of this solu- 
o°n. 20 ml. of FIX, 2 mb of methylene blue (0.01% in 11,0), 10 mb of benzene, 
and 10 ,nl * °f KOI-I (2 N) to an extraction funnel and shake. Transfer the ben- 
zone layer, which now contains the cerium, to a spectrophotometer cell and meuv 
Ule Us : ‘hsorbancc at 510 mu, compared to pure benzene. From a calibration 

I960 Iake>,Una * Slu,ro * Sudo » Emiko > ;uul Gol °- Hidehiro. Sci. Rep. RITU, A, 52, 101-22, 
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THE DETERMINATION OF RARE EARTHS 

Summary of Method .— For low chromium and carbon steels, cerium is oxidized 
without prior separation of iron, and titrated with ferrous sulfate. After separa- 
tion of the rare earth elements from iron and alloying elements, the rare earths 
are piecipitated as the oxalate or fluoride, ignited to the oxide and weighed, or 
determined photometrically. 128 

CERIUM BY OXIDATION REDUCTION TITRATION 

Procedure .— Dissohe a sample (5 to 10 g.) with 100 ml. of mixed acid (150 nil. 
H 2 S0 4 - 150 ml. H 3 P0 4 - 700 nil. H 2 0) with gentle heating. Remove the beaker 
from the heat and oxidize the solution carefully with HKO s (8 to 10 ml. will be 
required), boil for 2 or 3 min., and fdter through a pad of pulped filter paper into 
a 500 ml. wide-mouthed Erlenmeycr flask. Wash with hot H 2 S0 4 (1:100), dilute 
to 350 to 400 ml. with hot water, add a few boiling chips and, while boiling, add 
KMn0 4 (2%) dropwise, until a slight excess persists. Boil for 5 to 10 min., de- 
stroy the excess K,Mn0 4 by adding HC1 (1:1) and boil 5 to 10 min. longer. Cool 
to room temperature. Dilute to 500 ml., mix thoroughly and divide into two 
equal portions. To portion A, add 5 ml. of NaN() 2 (1%) anil 2 g. of urea; allow 
to stand for 5 min. To both portions A and It add a few drops of diphcnylaininc 
sulfonate indicator and titrate with standard Fc(NII 4 )S0 4 (0.03 *V) until the 
purple color changes to green; add an excess of 5 ml. and back titrate with stand- 
ard KXr.O- (0.03 X). 

The solution consumed in reduction of is equivalent to the chromium and 
vanadium in tile sample; that consumed by li is equivalent to these two elements 
plus cerium. The difference is due to the cerium content. 

COMBINED RARE EARTHS (GRAVIMETRIC) METHOD 128 -”° 

Procedure .— Weigh a 2 to 3 g. sample into a 600-ml. beaker. Dissolve in 100 ml* 
H 2 S0 4 (1:5), evaporate to 70 ml., and cool. Add 10 to 12 g. of Na 2 0 2 slowly and 
carefully with stirring. Dilute with H 2 0 to 100 ml. and evaporate down to 70 ml. 
again. Add 40 ml. of H 2 0, stir in a small amount of filter paper pulp, and filter 
die precipitate through double, tight filler papers. Do not wash the precipitate. 
Dissolve the precipitate with 30 ml. of hot H 2 S0 4 (1:7), added in small portions. 
Wash the filter thoroughly with H 2 0 containing a few drops of H 2 S0 4 (1:7) into 
a 600 ml. beaker. Dilute to 300 ml., add 50 ml. of (NH 4 ).,C 2 0 4 (50 g. of the ox- 
alate dissolved in 1 liter of H a O and filtered before using) and then NH 4 OH, 

128 Fritz, Janies S., Richard, Marlene Johnson, and Lane, William T., Anal. Chcui-, 30, 
1776-9, 1958. J J 

128 Johnson, C. Morris, The Iron Age, 94-G, January 17, 1952. 

130 Watanabe, Shiro, Japan Analjst, 9, 736-41, 1960. 
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until the solution turns hrmvn and slightly cloudy. Stir thoroughly and then add 
(N’H )..C.,0, to dissolve: the hi own color (1 g, should lie enough). Allow the white 
cerium" oxalate to settle overnight, then filter on a double paper of medium jmiov 
ity and wash thoroughly with an (Nll 1 LC u O,4LC..O t *FLO solution g- • 1 g-*ahh 
ml.). Ignite the precipitate caicfully to i:ue earth oxides in a tared muibk*. Coni 

and weigh. .... 

An alternate proccdtue is to dissolve a sample in b .V 1 1 ..SO,, Idler into a poly- 
ethylene beaker, dilute to UH» ml., add -i(i% HF and paper pulp, heat III to 20 
min. to piec'ipitate the rare earth Hum ides, filter, wash flic precipitate with 
FLSOpFIF (1:11)0), ignite as above. 

CERIUM AN1) LANTHANUM (PHOTOMETRIC) METHOD ,u 

A (flturatus. Spectrophotometer with Flame Photometer Attachment. 

Mercury Cathode Cell. 

Procedure.— Dissolve a J g. sample in 10 ml. of IICI (1:1) vvith heating. Oxidi/e 
the solution carefully vvith 5 ml. of UNO,, then add SO ml. UCK),. and evaporate 
until white fumes occur. Cool, add 1 00 ml. of l LO to dissolve iion '-•dts, niter 
and wash the paper amt residue with IICI (L20r. Retain the filtrate (Non: 25). 

Non: 2-|. — Tungsten must be removed, it present. n» prevent !u-.s ui rare earths by ad- 
sorption. 

Transfer the paper and contents to a platinum outride ami ash. Heat the ashed 
residue with 2 ml. of IIF and 2 ml. HCiO ( until white fumes appear. Cool, dilute 
with water, and add to the at id solution that will be left ftom tin: methyl jsobutyl 
ketone extraction. Transfer the original solution to a separatory funnel contain* 
ing 20 to ill) ml. of IICI (8 AT Add fit) to lii) ml. o) methyl isolnityi ketone and 
extract the iron and chromium into the organic layer. Repeal extractions until 
the organic layer is almost colorless. Two to three extractions should hr stiflnienl. 

Transfer the aqueous solution to a beaker, add 10 ml. each of UNO; and 
HClOj and evaporate to white fumes. Cool, dilute to ju ml., transfer to a mer- 
cury cathode cell, and electrolyze until the iron, chromium, and nickel are com- 
pletely removed from the solution. Filter the electrolyte into t frti0-ml. poly- 
ethylene beaker, wash vvith IICIO, (1:100); add 10 ml. of ilCIO, and 20 ml. of 11 T. 
dilute to 100 to 150 ml. and heat at 70" to 8U‘C. for JO min, on the water hath to 
precipitate the rare earths. Filter, wash the precipitate with III- (l;jU0) arid 11.0. 
transfer the precipitate to a weighed platinum crucible arid ignite. The weight of 
die residue is the total rare earth elements as oxides. Dissolve the oxides in 2 nil, 
of FLAG., (1:1), transfer to a 50-rnl. flask and dilute to the mark. Detetmiue 
cerium and lanthanum according to the following procedures. 

Cerium.-To a measured volume of the acid solution (5 to 10 mb), add 6 ml, of 
TLSO, (1:1), and 1 mb of AgNO a (0.16 g. per liter); dilute to SO mb Add 200 
n >g- of KjjSmOjj, heat gently, then boil to destroy the excess K..S..O*. Cool, transfer 
10 a 100-mh volumetric llask, and dilute to the mark. Transfer" 10 mb of this solu- 
tion, 20 mb of FLO, 2 mb of methylene blue (0.01% in FLO), H) mb of benzene, 
and 10 ml. of KOFI (2 N) to an extraction funnel and shake. Transfer the ben* 
zone layer, which now contains the cerium, to a .spectrophotometer cell and meas- 
Ure Us absorbance at 510 tun. compared to pure benzene. From a calibration 

I960 Iakc>a,na > Shuro, Sudo, Emiko, and Goto, Iliddmo, Set, Rep. 1UTU, A, 12, *101-22, 
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curve prepared in die same manner, using known amounts o£ cerium, the cerium 
content of the sample is read. 

Lanthanum.— Introduce a portion of the total oxide solution into the flame 
photometer and measure the intensity at 442 m#i. A slit width of 0.10 nun., ail 
oxygen pressure of 15.0 and a hjdrogen pressure of 2.0 lbs. per sq. in. can be used. 
Measure the background at 150 mu and subtract it from the measured value at 
442 m/i. Obtain the amount of lanthanum from a calibration cunc prepared in 
the same way with known amounts of lanthanum. 

THE DETERMINATION OF ARSENIC 

5immiary of the Method .— In most methods, arsenic is separated from iron, fob 
lowing solution of the sample, by distillation as arsenic trichloride. Arsenic in 
the distillate is then determined by a volumetric procedure, by weighing as As 2 S 3 , 
or photometrically. 




Fig. 24-14. Apparatus for Determination of Arsenic by Distillation. 

Alternatively, elemental arsenic is precipitated by hypophosphite, dissolved and 
determined iodometrically. 

Procedure . Distillation Method.— Dissolve a sample (generally, about 10 g. 
should be used) in 150 ml. of HN0 3 (1:3); contiol the temperature so that the re- 
action does not become too violent. Cool, add 50 ml. of H..,S0 4 , and evaporate 
to fumes, cool, wash down the sides of the beaker and again heat until fumes of 
h 2 S0 4 appear. Cool, carefully add 50 ml. of H a O to the residue, and again cool 
to room temperature. Transfer to a distilling flask (Fig. 21-14) by means of 150 
to 175 ml. of HC1; add about 20 g. of CuCL (or FcS0 4 -7H.,0). Distill until 100 
ml. of distillate have been collected in 100 ml. of water contained in a 400-nil. 
beaker immersed in an ice bath. The temperature of the vapor in the distillation 
flask must be kept below 107 # C. if there is antimouy in the steel. After comple- 
tion of the distillation, pass a rapid stream of H..S through the distillate to precipi- 
tate the As 2 S 3 . Allow to stand at least 1 hr., filter on a weighed Gooch crucible, 
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evaporate at 90 e C. to 50 ml.; add 50 ml. of HnO, 15 mi. S0 2 saturated H.X), IQ 
ml. hydrazine hydrochloride (15%), and then 25 ml. more of S0 2 saturated water. 
Boil for 5 min., allow the precipitate to settle, filter through a tared, sintered 
glass filter, wash with hot water, and then with alcohol. Dry aL 105‘C., and weigh 
as elemental tellurium. 

THE DETERMINATION OF URANIUM 

Summary of the Methods .— Uranium may be isolated from the steel matrix in a 
sulfuric acid solution by adsorption on a strong base ion exchange resin, inter- 
fering cations washed with hydrochloric acid, and the uranium eluted from the 
resin with 2.0 M perchloric acid. Residual iron can be removed from the eluted 
solution by extraction with cupferron or deposition in a mercury cathode. The 
resulting solution may be analyzed fluorophotomeir Rally or polarographically. 
This method is best suited to determination of residual amounts (a few micro- 
grams) of uranium. 

For larger concentrations, the uranium may be separated from the iron in sul- 
furic acid solution by precipitation with ammonium hydroxide, the remaining 
iron, titanium, vanadium, and zirconium precipitated with cupferron in a strong 
sulfuric acid solution in which the uranium is scxivalent. The uranium may then 
be reduced to the quadrivalent form and precipitated as the cupferraic, the pre- 
cipitate dried, ignited, and weighed as U 3 O s . 

THE ION EXCHANGE (FLUOROPHOTOMETRIC) METHOD »«•»** 

Reagents, a. Resin (IRA-40Q).— Prepare by extracting 200 g. for 21 hr. with 1 
liter of methyl alcohol. Then extract successively with 2 1. each of H..O, NaOH 
(1 N). NaOH (3 N), HC1 (1 IV), HCl (3 .V), and finally H 2 0. Transfer "a quantity 
of the wet resin to an ion exchange column. Convert to the chloride form by 
passing through 4 1. of HCl (1.0 ,Y). Convert the resin to the sulfate form by 
passing through HgSOj (10%). until the effluent is 10% H 2 SO,. Check by titrating 
an aliquot of effluent with standard NaOH. Wash the column with H 2 0 until 
eflluent is free from sulfate. 

Regeneration of Resin.— Backwash the column with H 2 0. Elute with 2 1. of 
HCl (1 N). Reconvert to sulfate form in die same way as in preparation of the 
resin. 

Procedure .— Dissolve a 10 g. sample in a platinum dish by adding successively 
1 to 2 ml. H 2 0, 10 ml. HF and HNO. $ (1:3), gradually until the reaction stops. 
Heat gently to complete the solution of the sample. Add 12 ml. of H 2 S0 4 , and 
enough H 2 0 to make a volume of about 200 ml. Evaporate to dryness. Cool, 
add 150 ml. of H a O and 12 ml. H-jSO,. Heat to dissolve the residue and evap- 
orate to about 150 ml. Filter. Dilute filtrate and washings to 200 m!., and di- 
vide into two 100 ml. portions. Add 15 ml. of H 2 S0 3 to each aliquot, and dilute 
to 200 ml. Add this solution to the resin column from a separatory funnel at a 
rate of about 2 ml. per min. Pass dirough HCl (0.05 M) at a rate of 5 ml. per 
min. until the effluent will give no reaction for iron by die KCNS test. Elute the 

195? PriCe ' George R " rerretti ’ Renato J., and Schwartz, Samuel, Anal. Chem., 25, 322-31, 

133 Welford, George A., and Sutton, Doris, N.Y.O.-4755, 1957, U. S. Atomic Energy Com- 
mission Report. 
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Alternatively, high tungsten steels may he dissolved in HC1 (1:1), the tungsten 
precipitated as the yellow oxide by addition of HNO r most of the iron removed 
by an ether extraction, and the uranium determined by the cupfcrron precipita- 
tions as described before. 

THE DETERMINATION OF ZINC 

Summary of the Method.— Zinc, generally present in amounts of less than 0.1% 
in steels, of less than 0.5% in ores, or in the iron-zinc alloy on galvanized steel, 
may be determined, after separation from most of the iron, by precipitation as 
the sulfide or phosphate, ignited to the oxide and weighed. Use of rubber, which 
may contain zinc, should be avoided. Care is necessary in igniting the zinc sulfide 
or phosphate to avoid volatilizing zinc. 

Procedure .— Dissolve a 10 g. sample in 100 ml. of H r S0 4 (1:9) with warming. 
Filter, dilute the filtrate to 250 nil., cool, and add Na.,C0 3 (saturated) to the forma- 
tion of a precipitate that persists; clear with a minimum of (1:9). Pass in 

HmS for 20 to 50 min., allow the precipitate to settle, fdter, and wash with dilute 
(1:100) H 2 S0 4 , saturated with H 2 S. Discard the filtrate. Ignite the precipitate 
slowly at a temperature below 500*C. Dissolve the ignited residue in a minimum 
of HC1 (1:1), add 5 ml. of H«S0 4 (1:1), evaporate to fumes, dilute to 10 ml.: again 
pass in IL.S for 15 to 20 min., allow to settle, filter, and wash as before. Discard the 
precipitate. 

Neutralize the filtrate with NH 4 OH (to methyl red end point), add 10 ml. of 
0.1 N H 2 S0 4 , dilute to 100 ml., and pass in H«S for 20 to 30 min., filter, and wash. 
Discard the filtrate. Dissolve the precipitated sulfides in HCI (1:1), evaporate to 
40 to 50 ml., add 5 g. NH 4 CI, 10 ml. of sodium acetate (2 N), and dilute to 150 ml. 
Heat on the water bath, add 10 ml. of (NH 4 ) 2 HI’0 4 (10%) slowly with stirring. 
Cover the beater and continue to heat for 2 hrs. Filter through a Gooch or 
sintered glass crucible, wash with about 150 ml. of cold water, and 5 ml. of 
C 2 H ri OH, dry at 105*C. to constant weight, and weigh. The weight of the dried 
precipitate, ZnNH 4 P0 4 , can be converted to zinc: the precipitate can be ignited 
carefully at 900"C. to Zn J\,0 7 . The zinc content, as calculated from the weight 
of each of these compounds, should agree. 
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lutroducliun.—'VUh chapter comprises methods compiled under the jumdiitiou 
of Committee E-3 on Chemical Analysis uf Metals, American Society for Testing 
ami Materials, 1’hiiadelphia 3, I'a. Standard ami Tentative Methods for Sampling* 
and Analysis ate included. Both Staudatd and Tentative Methods are issued under 
a fixed designation K-a(). followed by a munhci that is the year of original adoption 
or, in the case* of revision, the* year of last revision; the year is followed by a T for 
Tentative Methods. The designation FaU-linT, lot example, denotes a T entative 
Method, adopted in HH50. 

More* extensive information, stub as may be necessary lot unusual or research 
analytical problems, is available in sevctal published works.* 

* ASTM, Methods for Chemical Analysis of Metals, American .Smuts lot f estm;; and 
Materials, Fhil.idelpliia, H'oU; i.tei'lih. 11, I-.. Ferrous .Mc(alhn;;s. Rrviecss, An. dstiiat 
Chemist rv. 21, 2-1 Mi, 11# f*J; 22, 233-8, H'30: 23, 228-31. 111.31; 21, 232-8, 11)32; 23, JtMi, 
1933; 27, (il 1-11, 11)33; 21!, 83*- 13, 11)37: 31, 708-12, ID3H; 33, 7uR~78K. 11)81; UM. Mcdn 
ods for the* -Sampliii;,; and Anah'i.s <if lnm and Steel, llritish Standards Instilution, 1 on- 
dim (as issued); Koliltolf, I. M„ ami LUiu^, l’. J. ieds.), treatise on Analstic.il Chemistry, 
Intascienu: l'ublisheis, Nei* Vmk, 11>81; I muiell, (,. L. i„ ilolluiau, ). 1., and llihjhl. 
11. A., Chained Analysis ol holt and steel, |olm Wiles and Sorts, hrc.. New York, pi'tj; 
Pigeon, K, C.. Humus Auals sis— Modem 1‘iartice and Theory, John Wiles and Soils, 
N'cu’3ork, 11)33; hou and Steel Institute, special Report jftiS. I'iu* lleteiiniu.uinn of Cases 
hi Metals, 'I In* Iron and Steel Institute, Loudon, IthiO; Westwood, W„ and Maxei, A,. 
Chemical Analysis of Cast lnm, and loimdis Materials, Allen and Cnuin, 11)32. 
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STANDARD METHODS FOR CHEMICAL 
ANALYSIS OF FERRO-ALLOYS 2 

SAMPLING (ES2-12) 

Scope.— (a) These methods include procedures for the sampling of the various 
ferro-alloys, either bcfoie or after shipment from die plants of the manufacturers. 
They are designed to give results rcpiesentative of each lot that will he comparable 
with the manufacturer’s guaranteed analysis for the same lot. For check analysis, 
the purchaser may use any sampling ptoccduTe he desires, but the analytical results 
obtained on such samples shall not be a basis for complaint or rejection, unless the 
procedure followed is of an accuracy equivalent to that prescribed in these methods. 

(h) In sampling ferro-alloys, serious errors often occur from contamination of 
the samples by iron from the sampling appliances. Therefore, special precau- 
tions should be observed to avoid this source of error. Metallic non may be re- 
moved with a magnet from nonmagnetic alloys; its estimation in other alloys re- 
quires special analytical procedures (Note l). To avoid this error, parts of crushers 
and pulverizing equipment contacting the samples shall be of steel or other material 
showing a high resistance to abrasion of the type involved. 

Note 1.— Metallic non in fcnochioiiiium and fcno-aliion may be determined as fol- 
lows- transfer 5 g. of the sample of alloy to a 150-ml. beaker; add 23 ml. of HN0 3 (1:3): 
cover; boil 5 min; filter into a 250ml. beaker; and wash with hot water; add NH 4 OH 
in slight excess; beat to boiling, filter: and wash with hut water; dissolve the precipitate 
on the paper with a minimum quantity of hot I1C1 (1:2); wash (he filter with hot water; 
and titrate the iron by a standaid pioccduie. Multiply the iron value of the total num- 
ber of milliliters of titrating soluiiua «vtd Uy 100 and divide by 5 to fuul the yctcentagc 
of metallic iron. 

Apparatus for Preparing Samples .— The following equipment is required for the 
preparation of analytical samples of ferro-alloys: 

(a) Crusher.— A strongly built jaw crusher capable of rapidly crushing 1-in. lumps 
to sizes 34-in. and smaller shall be used. The crushing plates of this machine shall 
be made of a bard and abrasion-resistant steel, such as manganese steel or a prop- 
erly hardened alloy or hypcreutectoid carbon steel. 

(b) Roll Crusher.— A roll crusher, the rolls of which arc fitted with tires of 
hardened and tempered chromium steel to avoid iron contamination of the sample, 
shall be used to reduce the %-in. pieces to a particle size that will pass die No. 10 
(2000-/t) sieve and be retained on the No. 20 (8-1 0 -m) sieve. 

(c) Riffles.— Riffles, also designated as Jones dividers, are usually preferable to die 
use of hand methods for dividing samples. Riffles with openings of % in., I iu-» 
2 in., and 3 in. should be available; the ¥?\n. riffle to be used for samples con- 
taining particles up to % in. in size, the 1-in. riffle for samples containing particles 

2 ASTM Designation: E31-58. Reproduced with the permission of the American Society 
for Testing and Materials. 
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un to % in., the 2-in. lor samples comaimng panicles up to Fv hi., and the Tin. 
for samples containing particles up to 2 in. in si/e. Riffles should he of (hr ett- 
dosed type to reduce dust losses. The use of multiple riffles is not approved. 

(d) Mortar and Pcstle.-The mortar and pestle shall both he made of properly 
hardened alloy steel of a kind and grade designed to resist severe abrasive fanes 
(Novi" 2). Suitable dimensions of the mortar are in. in outside height, ►> in. m 
outside'diameter. lVic in. in inside diameter, and 2's in. in inside depth, the bot- 
tom Y> in. of which shall he rounded. The pestle shall he fi in. in length. Hi in. u* 
diameter, and rounded at the bottom, 1 he upper part of the pestle should he 
slightly softer than the remainder in order to decteuse the tendency to shatter. 
Both the mortar and pestle, after hardening, shall be polished with abrasive paper 
to remove all scale. The nauow clearance between the pestle ami the sides of 
the mortar reduces the dust loss. 

Mechanically operated pulverizing equipment may he substituted for tin- mortal 
and pestle, provided suitable tests show that the Use of such equipment riots not 
alfect tire composition of a sample of any material obtained by these methods. 

Norn 2.— lor example, steel mortars and pestles oi the Pillowing compilation, alter 
proper hardening and tempering treatments, have been found satislaUorv: 


Carbon, per cent 0.60 

Manganese, percent 0.25 

Phosphorus, per cent 0.02 

Sulfur, per cent 0.02 

Silicon, per vent. 0.25 

Chromium, percent 1.25 

Tungsten, per cent . 2.2(1 

Vanadium, per rent 0.10 


After machining annealed steel of this grade to the usual hum and dimensions, rarh 
part is heated m between 7ti0 J and SOO-C,, quenched in a light, mineral quenching nil. 
and tempered at once. The pestle mu\ he treated In quenching the loner portion onlv, 
the upper portion being permitted to ait cool, ami then tempering the quenched pmtton, 

(e) Sieves.— The sieves shall conform to the .Specifications for Sieves for Toting 
Purposes (ASTM Designation: till). 3 

Unit Quantities for Sain(>lini ' atul Analysis.— (a) Hath shipment, except as other, 
wise agreed upon by the purchaser and the manufacturer, shall constitute a unit for 
sampling and analysis. It is recommended that shipments of any alloy exceeding 
100 tons be divided into smaller lots for sampling acunding to some plan best 
adapted to the material and conditions, such as each cast, each carload, each ladle- 
ful, or each binful. 

(b) Division of Samples.— In these methods the term "divide" is used to indicate 
a division of a sample into two approximately equal parts of similar composition 
as in riffling. 1 

Sampling. 1. Spicgclciscn and 1 5 Co FerrosiUcan.—(a) Spiegeleiscn is general) v cast 
in pigs and shipped in bulk. Since this alloy is very hard and somewhat tough, 
sampling is most accurately and easily accomplished during the tapping of the 
metal from the furnace or during the pig-casting operation, by taking smaH spoon- 
tuls and pouring the metal quickly into a test mold designed 'to solidify the metal 
quickly and give a clean test pig that is easily broken. Sampling of the metal in 
me sohd state is difficult, and is best done during the loading or unloading exrent 
when the material is loaded from bins or unloaded by dumping. The procedure 

3 I960 Supplement to Book of ASTM Standards, Parts 3 to 5 and 7 to 10. 
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therefore, may be varied to suit tire conditions but shall always conform to the 
requirements set forth in the following paragraphs. 

(b) Sampling at Furnace.— The purchaser may arrange with the manufacturer 
to have the sampling done at the furnace. If so, cadi shipment or each cast may 
constitute a unit sample for analyzing. The sample shall be obtained by collecting 
portions with a spoon fiotn the runner as the metal flows from the furnace, unless 
the metal is tteated in the runner or ladle to change its composition, in which 
event the portions shall be taken as the metal (lows from the ladle to the pig cast- 
ing machine In any case, at least two spoonfuls of metal shall be taken from 
each ladle, one spoonful while the first third of a ladlcfui is flowing into or from 
the ladle, and the second while the List third is flowing. Each spoonful shall be 
taken in a manner that avoids collecting dirt or slag, and the clean metal shall be 
immediately poured into a clean shallow mold to form a thin chill casting from 
which small pieces, approximately equal in size, may be icadily broken. When the 
spicgcleisen is cast in sand beds, the molten metal being run from the furnace 
directly to the casting floor, the samples shall be taken by dipping skimmed molten 
metal from tile runner trough and pouring it into a small quartered cast-iron hut- 
ton mold. A sample shall be taken in this manner to represent the metal being 
cast in each pig bed. From the test castings thus obtained to represent a shipment, 
approximately equal portions shall be taken and combined to form the sample, 
which shall have a gross weight of not less than 200 g. The sample shall then be 
alternately crushed in a mortar, and sieved until it all passes through a No. 80 
(177-/*) sieve. If the sample is to be analyzed by more than one laboratory, it shall 
be mixed, coned, and quartered upon glazed paper (N’otk 3). The sample or 
samples thus prepared shall be thoroughly mixed, dried for I hr. at 105* to I10*C., 
and preserved for analysis in well-stoppered bottles properly labeled for full iden- 
tification, including the name of the material, the manufacturer, the date, the cast 
or lot number, etc. 

Note 3— Finished samples are ficqucmh divided into fotu portions: one for the pur- 
chaser; one tor the manufacturer; one for an umpire if necessary; ami one held in re- 
sen e. 

(c) Sampling Solid Forms.— When the metal is in the solid state a gross sample 
shall first be collected by selecting random pigs or pieces at regular intervals dur- 
ing the loading or unloading. Surface sampling of piles of the material will not 
give a representative sample. When piles of the material must be sampled, the 
pieces shall be selected according to some fixed plan which assures the obtaining of 
pieces comprising the gross sample from uniformly distributed points throughout, 
a condition requiring the moving of all or many of the pieces in the pile. For lots 
o£ 50 tons or larger, 1 pig or piece shall be taken for each ton, and for small lots 
tlie number of pieces shall be proportionately increased to 25 pieces for a 10-ton 
lot, or 10 pieces for a I -ton lot. 

The various pigs thus collected shall be broken approximately in half by any 
convenient means, and one of the halves of each pig shall be reserved. From the 
fractured surface of each of these half pigs, an approximately equal portion shall 
be taken by any suitable means (as by spalling with a heavy hammer), care being 
taken by the sampler to see that these spalls are not all from the outer edges of the 
pigs but at least some are obtained from the central portion, and that none con- 
tains portions o£ the outer surface which may be contaminated with sand or other 
foreign material. The spallings from each half pig as collected shall be placed in 
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separate envelopes and weighed to the nearest 1 g. Kadi portion so selected shall 
be of approximately the same weight. 

The portions shall then he combined to form the sample, which shall he altei- 
uaiclv crushed (preferably in a hardened-alloy sleet mot tar) and sieved until tt 
passes a No. 0 (:55(>0-A sieve. Between III and 15 oz. shall then he separated fumi 
th c crushed sample by riffling ami this portion shall be pulverized to pass a No. HU 
(177-^) sieve. The pulverizing of ovei sizes is best done With the hardened steel 
mortar and pestle, while sieving Iretpiently to keep the size dose to 17/ ,i and 
prevent loss of dust. The pulverized sample shall be thoroughly mixed upon 
glazed paper, divided if necessary, labeled, and dried prior to analysis, as desciibcd 
in Paragraph (b). 

2. Fcrrosilicon, Standard Ferromanganese, Silicoman^ancsc, /•Vrro/i/io»/)/iwiu, 
and 12 to 15 r /o Zirconium Alloy.- (a) Alloys in this gioup aie slopped in both lump 
and crushed form, in Imlk as well as in containers. C.aiioad lots are gciiei ally 
shipped in bulk, except the finely i rushed sizes, whit it are usually shipped in con- 
tainers. lJilfcteut procedures ate required for sampling the lump and the crushed 
alloy, and the woik of sampling is most conveniently done while loading oi unload- 


ing. 

(1>) Lump Alloy. — In sampling imlk shipments, lumps of average size shall he 
set aside for the sample at regular intervals in the ratio of one lump ftom approx- 
imately each .'500 lb. The sample shall be accumulated thioughoul the loading or 
unloading operation so that all parts of the shipment will be equally represented. 
If the alloy is in containers, cveiy fifth container shall he dumped, and one rep- 
resentative lump shall be taken ftom each 00 lb. of alloy which is equivalent to 
one lump per ‘500 lit. fur the lot. The sample shall also include a representative 
amount of edge metal, small lumps, and any lines that may be present. Kiom each 
of die lumps in the sample there shall he broken duet* small pieces each about ; j 
in. in size, one from each of two opposite surfaces (top arid bottom, if present) and 
one from the center, the three pieces constituting a partial vertical cross-section of 
the lump. 

File small pieces, together with a representative portion of any lines present, 
shall be combined and crushed to pass Erin* sieve. Not less than ;!0 lb. shall In- 
separated from the crushed sample by riffling and at least a quarter pen lion of this 
shall be rolled to pass a No. HI (2tlUU/x) sieve. A (i- to 8-oz. portion obtained bv 
riffling (a larger amount when more than one sample is required) of the HOlW-A 
sample shall then he pulverized to pass a No. 100 (MP-/i) sieve. The pulverizing 
is best done with the hardened alloy-steel mortar and pestle, while sieving fre- 
quently to keep the size close to HO and prevent loss of dust. The pulverized 
sample shall be poured upon glazed paper, mixed thoroughly, and divided, il neces- 
sary. (Note -5) by quartering, dried for 1 hr. at 105“ to 11 UHL and then preserved 
in a well-stoppered bottle or bottles. 


(c) Crushed Alloy.— One container out of every 5 in the shipment shall be opened 
and the contents dumped. A sample representative of both lumps and lines shall 
be taken from each of the dumped containers to give a combined sample of ap- 
proximately 1% of the weight of the lot or shipment, this sample being composed 
ot equal amounts of the samples taken from all containers dumped. If in bulk, a 
1Xt ‘ d l J0 . rlion ° r representative material shall he taken with a shovel or scoop at 

! e o fT ‘ mervals during the loading or unloading to accumulate a sample of about 
Vo °* the weight of the lot. 

The 1% sample shall be mixed and divided once if its weight is between 200 and 



762 ALLOYS: FERRO-ALLOYS 

300 !b. or twice if it weighs moie than 300 lb. The portion reserved shall be 
crushed to pass a 1-in. sieve (unless its largest pieces are under this size), again 
divided, and then crushed to pass a K*in. sieve. Preparation of the sample shall 
then be completed as described for U-in. material in Paragraph (6). 

3. High-Carbon Ferro chromium, Medium-Carbon Ferromanganese, Low-Carbon 
Ferromanganese, Silicon Metal, Calcium-Silicon, and 35 to 10 % Zirconium Alloy.— 

(a) These alloys aie shipped in both lump and crushed form, usually in containers. 

(b) Lump Alloy.— One out of every 3 conuincts shall be dumped. Pieces Vs to 
% in. in size shall be broken from the lumps, and a fair proportion of any fines 
that may be ptesent shall be included. The gross sample shall contain approxi- 
mately one piece for each 50 lb. of alloy. The accumulated sample shall be mixed 
and reduced in size as desciibcd in the pteceding section (5). 

(c) Crushed Alloy.— Crushed alloy (material 2 in. and less in size) shall be sam- 
pled as described in the preceding section (r), except that a 10% representative 
sample shall be taken from each container opened to give a 2% gross sample. For 
lots of 10 tons or more, the 2% sample shall be mixed and divided once in half. 
For lots of less than 10 tons, dividing the sample at this stage shall be omitted. 
The portion retained shall be crushed to pass a I-in. sieve (if above this size) in a 
heavy crusher provided with smooth plates of manganese steel, and again passed 
through tlic riffle to obtain a sample of about 100 lb. This portion shall be crushed 
to pass a 14-iti. sieve, divided twice, and the quarter portion reserved shall be 
crushed to pass a No. 10 (201)0-/*) sieve. Between G and 8 oz. shall then be sepa- 
rated from the crushed sample by riilling, and this portion shall be prepared for 
analysis as described in the preceding section (6). 

For lots larger than 10 tons, a somewhat smaller percentage of the lump shall 
be crushed for the sample, while for smaller lots the percentage shall be increased 
somewhat to provide a suitable amount of sample for mixing and riffling to size. 

4. Low-Carbon Ferrochromium.—(a) Low-carbon fcrrocliromium is shipped in 
both crushed and lump form, in bulk and in containers. The alloy usually con- 
tains about 70% chromium, and lias a carbon content ranging from 0.06 to 2.0%, 
according to the maximum specified. The combination of hardness and toughness 
characteristic of this material, particularly of the lower carbon grades, makes it the 
most difficult of any of the ferro-alloys to sample properly. In view of the great 
importance of the accurate determination of the carbon content, the utmost care 
shall be taken to avoid contamination of the sample with fragments of steel from 
die tools used in preparing the sample. Bucking boauls shall not be used. 

(6) When the alloy is in lump form, a piece or pieces representing a full cross- 
section of die original cast shall be taken fioni points distributed throughout the 
lot, to give a gross sample amounting to about 1% of the weight of the lot. The 
cross-section pieces should be as nearly uniform in size as possible. 

(c) When die alloy is in crushed form in containers, 1 container out of each 5 
shall be emptied and sufficient representative material taken from each to give a 
gross sample of about 1% of the weight of die lot. For shipments in bulk, repre- 
sentative portions shall be selected with a shovel at regular intervals during the un- 
loading operation to accumulate a 1% sample. 

(d) The 1% sample shall be crushed to pass a 1-in. sieve (if above this size) in a 
heavy crusher provided widi smooth plates of manganese steel, and riffled twice. 
The resulting quarter shall be crushed to pass a }4-in. sieve and riffled once. The 
sample shall be further crushed to pass a %-in. sieve and riffled three times. The 
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resultin'" eighth portion of the sample shall he reduced to pass a No. <» (TIOO-m) 
sieve bv* pounding in a hardened alloy-steel mortar, and riffk d to a weight of b to 
8 o l. This amount shall be pulverized to pass a No. 50 (5‘JU/t) sieve in a hardened 
alloy-steel mortar, while sieving frequently in order to keep the sample as near to 
diis size as possible, until the entire sample has passed the sieve. 1 he pulverized 
sample shall be mixed thoroughly upon glazed paper, divided if necessary (Son: a) 
by quartering, dried for 1 hr. at 10a" to HO C., and preserved in a weli-stoppeied 

bottle or bottles. _ ..... 

i. Fenovanadiuin, Ferromolybdetium, Ferrotung.\tvit, Ferrnniohium, I-arotito- 
nium, Ferrozircomum. mu f Fcrrohoroit.— (u) these alloys ate shipped in tuutaiueis. 
ami are all high-priced materials. Thereto! e. it is impouaut that the sampling he 
thoroughly representative, irrespective of the amount of mateiial involved. 

(b) Shipments 20,000 lb. or Under in Weight.— All the tout. duets of a shipment 
shall be emptied to form a cone-shaped pile. The pile shall he sampled by shovel- 
ing, the weight of the gross sample being adjusted to the size of the lumps of the 
allov. l"or lots of more than 8000 lb., I shovelful out of eveiy 1 shall lie tesetved 
for the sample. If the lot weighs less than 8000 lb.. 1 shovelful out n{ or out of 
2, or shovelfuls otherwise adjusted so as to obtain a gloss sample huger than the 
amounts specified below, shall he taken. The gross sample thus collected shall in- 
coned and again divided hv shoveling. This procedure shall lie tepeated, if 
necessary, until the weight of the gioss sample is reduced to 2outi lb. for 2’ 1-in. 
material, 250 lb. for 1-in. pieces, or 100 11). for alloy cittshed to C-bi. size. In the 
rase of Vi-in. material the sample shall then he mixed and i idled ome to 50 lb., but 
larger samples shall lie crushed and divided as follows: 

(/) Course Material, 2!»j in. Maximum .* The 2000-lb. sample shall he crushed in 
a heavy crusher provided with smooth plates of manganese steel to pass tluoiigh a 
1-in. sieve, mixed thoionghly by coning at least three times, and i idled to 250 !h. 

(2) One-Inch Material .— 'rite 250-lb. sample shall lie ctushed in a heavy u Usher 
provided with plates of manganese steel to pass a * i- in. sieve. After having been 
mixed thoroughly by coning at least 5 times, it shall he Hilled to about 50 Ih. 

(a) One-Fourth-Inch Material .— The 50-lb. sample of ’( in. mateiial obtained in 
mixing and reduction of gross samples of 2’g-iu. or 1-in. material, or in splitting 
the gross sample of ’/(-in. material, shall he further crushed in laboratory rolls to 
pass a No. 10 (2000-/t) sieve, again mixed thoroughly by coning, and riffled to 10 
or 15 II). This sample shall l)e crushed to pass a No. 20 (S-lU./q sieve, mixed thor* 
(Highly by coning, and divided with a riffle to 1 lb. or 500 g. The 500-g, sample 
shall be mixed thoroughly by coning and divided by i idling into four portions ol 
about 125 g. each. Three of these portions shall he held in rescue, and one por- 
tion shall he pulverized in the hardened alloy-steel mot tar to sizes i emitted be- 
tween the No. 80 and No. 100 sieves (177- and The pulverized sample 

shall he dried for 1 hr. at 105° to 1 10'C.. poured upon glazed paper, mixed thor- 
oughly, divided, if necessary (Non. :$). fry quartering and then preserved in a well- 
stoppered bottle or bottles. 


(c) Shipments over 20,000 lb. in Weight.— When the shipment ext ceils 20,000 1!> 

it shall be divided as nearly as possible into lots of 20,000 lb. each or fraction 

Hereof and the resulting 1-lb. or 500-g. samples taken shall he combined and mixed 

horoughly by 'coning at least 8 times. This sample shall then be divided by riHU.m 

to 1 lb. or o00 g., which weight shall be further divided and pulverized as described 
»* the preceding section (b) (2). 1 dtsciibcd 
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WATER, REAGENTS, AND GLASSWARE 

See Chapter 24. 

FERROSILICON 

SILICON BY THE SODIUM PEROXIDE FUSION METHOD 

Apparatus. Iron Crucible.— A 30- or 50-ml. iton crucible will be required. A 
crucible made from No. 20 gauge ingot iron, 0.038 in. in thickness, will be suitable. 

Reagents. Sullurous Acid (6%). 

Procedure.— (a) Transfer 0.5 g. of the sample or ferrosilicon (50 to G3% silicon) 
to a 30- or 50-ml. iron crucible, and add about 8 g. of dry N’jj.OJ Mix thoroughly, 
using a platinum or iron rod, and carefully clean the rod of adhering particles by 
scraping with another rod. For grades of ferrosilicon containing 75% silicon and 
over (including silicon metals), mix 0.5 g. of the sample with about 8 g. of dry 
Na 2 0 2 and 2 to 4 g. of Na 2 C0 3 . 

(b) Cover the mixture with a layer or about 2 g. of Na-XT. Ifcat the crucible and 
contents on a hot plate for 15 to 20 min. to expel any water in the Na 2 0 2 that 
would cause spattering in the subsequent fusion. Carefully fuse over a low flame 
by holding the crucible with a pair of tongs and slowly resolving it around the 
outer edge of the llame until the contents have melted down quietly. When the 
fusion is molten, rotate the crucible carefully to stir up any unattacked particles on 
the bottom or sides, the crucible aiul contents being maintained at a low red heat. 
Just before completion of the fusion, which requires only 3 or 1 tnin., increase die 
temperature to bright redness for 1 min. If the reaction proceeds violently with 
spattering of the contents, because of too rapid heating, the use of insufficient 
Na 2 0„, or the lack of thorough mixing, appreciable loss will occur and die work 
should be repeated, 

(c) Cover the crucible, allow to cool almost to room temperature, and tap on an 
iron plate or solid object to loosen the fused mass in a cake. Transfer the cold 
cake to a dry 275-ml. platinum dish, 5 cover with .« tight-fitting platinum lid, and 
cautiously add 50 ml. of cold water. When the reaction ceases, wash any small 
amount of material adhering to the crucible into the dish with a little water. Cool 
the solution and add 25 ml. of H 2 S0 3 (6%) to prevent attack on the dish by clilo- 
tine on acidifying with HC1. Cool, and carefully add HC1 until in moderate ex- 
cess.® Evaporate to dryness, preferably on a steam bath, but do not heal above 
110°C. (An infrared lamp may be used.) 

(d) When the residue is dry, allow the dish to cool. Add 20 ml. of HC1, stir well, 
cover the dish, and heat gently for a few minutes. Dilute with 200 ml. of hot 

4 Ciucibles made from puic ingot iion contain only traces of silicon, and the amount 
of Si0 2 present in the Na 2 0 2 used is usually negligible, but blanks should be run on new 
lots of crucibles and of Na 2 (>2. 

5 If platinum dishes aie not available for solution of the fused cake, it may be disin- 
tegiated with water in a pine nickel dish and the contents then transferred to a poicelaiu 
dish (of good gla/e) containing sufficient HCI to piovidc an excess of acid. It is not de- 
sirable to dissolve the fusion directly in poicelaiu because of the action of the alkaline 
solution. If porcelain or pyrex must be used, it is necessary to carry along duplicate 
blanks. 

8 The use of HCIO^ is not recommended for the dehydration of the silica ill the fused 
sample since 100 to 125 ml. are necessary, and since it is exceedingly difficult to remove 
the HCIO4 from the large amount of SiOo, causing explosions during ignition. 
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water, digest for a few minutes, ami filter through an H em, paper containing a 
small amount of ashless paper pulp. Wash about 8 times with hot HC1 (:> : 95) anti 
then thoroughly with hot water. Reserve the paper ami icsiduc. 

(e) Evaporate the filtrate to dryness, and bake the covered i asset ole or dish at 
110°C. for 1 hr. Heating at a higher temperature is unuecosaiy and undesirable. 
Cool, add 20 ml. of HC1. and digest on a steam bath for 10 min. Add 200 ml. of 
warm water, stir well, filter immediately, and wash about eight times with hot HOI 
(5:95) and then thotoughly with hot water until free of chlorides. 

(/) place the papers and residues (I’araginphs (d) and (<’)) in a 5U-ml. platinum 
crucible and heat for 15 to 50 mitt, at apptoximately 200”O. Pat dally cover the 
crucible, and beat at from 500 to 600'C.. until the paper is well charted without 
flaming. Gradually increase the temperature until the cat bon is cumplctelv oxi- 
dized. Cheat cate should be exercised itt igniting the papcis. as the curient of air 
produced by a burning filler paper is sufficient to entry finely divided Si( out of 
the crucible. Cover the ttucible tightly and heat to the full heat of the blast lamp, 
or in a muffle furnace, at a tempcratuie of 1100* to HaO’C. for 25 min. Cool in 
a desiccator, weigh, and again ignite for 10 min. at the same temperature, as a <iu:<k 
for constant weight. 

(g) Add sufliciem HoSO, (1:1) to moisten the residue* and them adtl 5 to 8 ml. 
of HE. Evaporate to dryness, ignite at 1000 C\, and weigh. The* loss in weight 
represents SiCG. 

(h) Blank.— Make a blank determination, following the same procedure* and using 
the same amounts of all reagents. 

(i) Calculation.— Calculate the percentage of silicon as follows: ; 


.... , (d - //) X 0,1672 w 

Silicon, per cent — * — X 

where .1 = grams of .SiCY, 

B — correction for blank, in grams, and 
C — grams of sample used. 


100 


TOTAL CARBON BY THE IHRECT-COM BUSTIOX METHOD 

Apparatus. Apparatus for Determination of Total Carbon by Direct Combus- 
tion,— See Chapter 21. p. 651. 

Procedure.— (a) Mix 2 g. of the sample with 2 g. of powdered Cut) and transfer 
the mixture to a combustion boat made of zirconium oxide-base reftactoiy (having 
inside dimensions 100 mm. in length. 18 turn, in width, and 8 mm. in depth) or 
equivalent, provided with a bed of ?)0-mesh crystalline aluminum oxide molded in 
the form of a trench. Cover the mixture with 2 g. of 10-mesh iugot-irou drillings 
or nullings. Cover the sample with a suitable cover and introduce the boat into the 
hot combustion tube. Close the tube and allow the sample to beat for 1 to 2 min.' 
Then admit the oxygen at a rate of 800 to 1000 ml. per min. while combustion is 


kwlw’n r< ;' commc ' luic< i 1 procedure for rounding oil calculated rallies, see .Section i 
. L) H the Recommended Practices lor Designating Significant Places in Snecilied i 

K'S.h ,teia " a,io " : K -'>' •*» -? «« sK.U bSS'S: 

Mf the sample is allowed to come to die tempcratuie of the furnace liefon- ,i„. „ vv , 

s adnuttecl u usually bursts into a bright Hame and burns completely V nei iml l,n , U 
>mn. of preheating sulficcs. 1 - a period of 1 m2 
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going on.® Use a furnace tempeiature of 1200° to 1350°C. When combustion is 
complete (1.5 to 2 min.), continue the flow of oxygen for 6 to 8 min. in order to 
sweep out the C0 2 . 

( b ) Withdraw the absorption tube filled with oxjgen, place it in the balance case 
for 10 min., 10 open momentarily, and weigh against a similar tube used as a 
counterpoise. The increase in weight represents C0 2 . 

(c) Remote the boat from the tube and examine the melt for evidences of incom- 
plete combustion. If the sample is not thoroughly fused in a solid pig, the deter- 
mination shall be rejected. 

(d) Blank.— Make a blank determination, following the same procedure and using 
the same amounts of all materials except the sample. 

(e) Calculation.— Calculate the percentage of carbon as follows: 


Carbon, per cent 


(A - D) X 0.2729 
C 


X 100 


where A — grams of COa, 

B = correction for blank, in grains, and 
C = grams of sample used. 


PHOSPHORUS BY THE PERCHLORIC 
ACID-ALKALIMETRIC METHOD 

Reagents, (a) Perchloric Acid (70%). 

(b) Potassium Permanganate Solution (25 g. per liter). 

(c) Ammonium Molybdate Solution (Acidic). 

Solution No. /.—Mix thoroughly 100 g. of molybdic acid (85% MoO a ) and 240 
ml. of water. Add 140 ml. of NH 4 OH, while stirring vigorously. When solution 
is complete, filler, and add CO ml. of HNO s . 

Solution No. 2.— Mix 400 ml. of HN0 3 and 9G0 ml. of water. 

When the solutions arc cool, add Solution No. 1 to Solution No. 2, while stirring 
constantly. Add 0.1 g. of (NH 4 ) 2 HP0 4 , and allow the solution to stand at least 
24 hr. before using. Use only the clear supernatant solution. 

(d) Standard Sodium Hydroxide Solution (1 ml. = 0.0002 g. P, approximately 
0.15 N). 

Preparation .— Dissohe 75 g. of NaOH in 75 ml. of water, and transfer to a large 
test tube, taking care not to wet tire top. Stopper tightly, and let stand in a vertical 
position until the supernatant liquid is clear. Carefully withdraw about 5 ml. of 
die clear liquid with a pipet and run it into 1 liter of freshly boiled and cooled 
water. Mix well and store away from contact with the air. 

Standardization.— Dissolve 0.4000 g. of the National Bureau of Standards stand- 

^ The rate at which oxygen is admitted is also a factor in the \elocily of combustion. 
Assuming the combustion apparatus has been heated to the temperature range aboie 
that recommended, it is possible, if the material is closely packed and if ox)gcn is ad- 
mitted at too rapid a rate, that the combustion may be so wolent as to cause excessive 
spattering of fused oxides and such fluidity of the molten slag that the boat or other 
container may be injured or destio)ed. Sufficient ox>gcn, houcscr, shall be run in to 
ensure a current of gas through the absorber at all stages of the combustion. . 

10 The tube will warm up when C0 2 is absorbed. It is not neccssar) to wait until it 
reaches room temperature if it is in continuous use, presided the same time interval is 
maintained and approximate!) the same amount of C0 2 is absorbed. 



707 


CHEMICAL ANALYSIS OK FERRO-ALLOYS 

ard sample of potassium add pluhalate in 100 ml. of freshly boiled and tooled 
water. Add 3 drops of an alcoholic solution of phenolphtlialein (2 g. P c, ‘ 
and titrate to a faint pink color with the NaOII solution. 

Where empirical standardization against phosphorus is required, diiertionr. will 
be found in the methods concerned. 

Calculate the phosphorus equivalent by using the ratio 23 NaOII to 1 phos- 
phorus. One milliliter of 1 .V NaOII is equivalent to 0.00135 g. of phosphmtis. 
The solution may also he standauli/ed against National Bureau of -Standards 
standard steels. Protect the NaOH solution fiom CO., by means of a soda-lime or 
soda-asbestos tube. 

(e) Phenolphtlialein Indicator Solution (10 g. per liter). 

(f) Standard Nitric Acid.-Dilute 10 ml. of ile.u UNO., to 1 liter with water, ami 
standardize against the standatd N'aOH solution, using piuuolpluli.dein -is the 
indicator. If desiied, die UNO., may be tendered equivalent to (be NaOII volu- 
tion by dilution with water. 

Procedure.— (a) Transfer 2 g. of die sample to a 3d0-ml. platinum dish provided 
with a platinum cover, and add 25 ml. of UNO,. Add HP tautinudy, a few dtops 
at a time, until complete decomposition of die alloy is cilia led and a total of la 
ml. of HP has been added. Remove the iovci and time it with a jet of Water. 
Add 15 ml. of HCIO, (70"',), and heat on a sand hath to dense white fumes. Rinse 
down the sides of the dish with a little water and again heat to dense white fumes; 
then continue the heating for 5 min. longer. 

(5) Cool, add 50 ml. of water, and tiunsfer to a 300-mb P.tleumeyei flask. Boil 
for seveial minutes to expel flee ihloiine; then add 2 ml. of UNO, amt an excess 
of K.Mnl), (25 g. per liter). Boil fm seveial minutes, ami then dodos the ext ess 
KMnO, by the addition, diop In chop, of a saturated solution of Xa .SO, ur H..-SO,. 

( c ) Boil for a few minutes longer to expel oxides of uitiogru. amt tool to mom 
temperature. Add 10 g. of NH ( NO ;i . IU>5 g. ol feitotis ammonium sulfate dissolved 
in 10 ml. of water, and 50 mi. of ammonium molybdate solution. Stuppci the Had; 
and shake vigorously for 5 min. 

(<f) Allow to settle for 10 min.: if the alloy contains less than U.oip', of phos- 
phorus. allow to stand 30 min. Pillcr and wash six or eight times with cold UNO, 
(1:1)9), u and finally 12 to 15 times (or until fiee of acid) with KXO.. (id g ner 
liter). * " 

(f) Return the precipitate and paper to the precipitating vessel. Add 1 to 3 ml. 
in excess of NaOII (1 ml. - 0.0002 g. P) and 25 ml. of water, both fiee ol C ()„, 
and shake or stir until the precipitate is dissolved. Dilute to 1 00 ml. with water 
free of CO.,, add 3 drops of phenolphtlialein indicator solution and disehame the 
pink color with standard UNO.,. Finish the titration by adding NaOII (1 ml. 
0.0002 g. P) to the renppeatance of the pink color. 

(f) Blank.— Make a blank determination, following the same procedure and using 
the same amounts of all reagents. 

(g) Calculation.— Calculate the percentage of phosphorus as follows: 


Phosphorus, per cent — 


[(.-! ~ BC) - (D ~ EC)\F 
G 


X 100 


asZdSt Chapter'll! 11 ' 11 ' 011 ^ COm ^ d b > lhc «»olybd;ue-mag IU; sia method 
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where .1 = milliliters of NaOH solution required by the sample (Paragraph (r)), 

B = milliliters of HNO 3 required by the sample (Paragraph (*)), 

C - milliUters of NaOH solution equivalent to 1 ml. of the HNOj, 

D = milliliters of NaOH required by the blank (Paragraph (/)), 

£ = milliliters of HNO3 required by the blank (Paragraph (/)), 

F = phosphorus equivalent of the NaOH solution, in grams per milliliter, and 
G = grams of sample used. 

SULFUR BY THE NITRIC-HYDROFLUORIC 
ACID-GRAVIMETRIC METHOD 

Reagents, (a) Perchloric Acid (70%). 

(b) Zinc (20-mcsh). 

(c) Barium Chloride Solution (100 g. per liter). 

(d) Barium Chloride Wash Solution.— Add 5 ml. of HC1 to 100 ml. of BaCL, 
(100 g. per liter) and dilute to 1 liter. 

Procedure.— (a) Transfer 5 g. of the sample to a 300-ml. platinum dish equipped 
with a platinum cover, and add 130 ml. of HN0 3 . Add 1 to 2 ml. of IIP. Heat, if 
necessary, to start the reaction. Remove the dish from the source of heat and add 
cautiously several milliliters of HF. Repeat the procedure until the sample is dis- 
solv cd. From 50 to 60 ml. of HF are required. Add 1 g. of Na 2 C0 3 . Remove 
the cover and rinse it with water. Add 30 ml. of HC10 4 (70%), rinse down the 
sides of the dish with a little water, evaporate the solution to dense white fumes, 
and continue heating until the volume has been reduced to approximately 20 ml. 
Cool, add 20 nil. of water, and repeat the evaporation to dense white fumes. 

( b ) Cool, add 25 ml. of water and 0.1 g. of boric acid, digest, and transfer to a 
250-ml. beaker. Boil for 3 to 5 min. to expel free chlorine. Dilute to 50 ml., add 
10 ml. of HC1 and 5 g. of 20-mcsh 2inc, and warm on a steam bath until the iron 
is reduced to die ferrous stale and the evolution of hydrogen has nearly ceased. 
Filter through a 9-cm. elose-texture paper, wash the paper 12 to 15 times with hot 
HC1 (1 :99), and discard. 

(c) Warm the filtrate to C0° to 70*C., and add 10 ml. of BaCL (100 g. per liter). 
Stir vigorously and let stand for 18 to 21 hr. Filter on a 9-cnt. close- texture paper, 
wash 10 to 12 times with BaCl 2 wash solution, and then wash 15 to 18 times with 
HC1 (1 :99). 12 

(d) Ignite in platinum, first at a low temperature and finally at approximately 
900°C. Cool, and weigli as BaS0 4 . 

(e) Blank,— Make a blank determination following the same procedure and using 
the same amounts of all reagents. 

(f) Calculation.— Calculate the percentage of sulfur as follows: 


Sulfur, per cent = 


(A - B) X 0.1374 
C 


where A = grams of BaSC>4, 

B ~ correction for blank, in grams, and 
C — grams of sample used. 


X 100 


- If desired, the washings may be kept separate and examined foi BjS 0 4 as follows- 
eV . a fo r ‘ U ? * 1C " Js h ,n gs to dryness; dissolve the slight residue in 50 ml. of hot HC1 (2'9S): 
add 2 ml. of BaCI 2 (100 g. per liter); and digest at 70° to 80 6 C. for 2 hi*., avoiding *i>5 
undue evaporation; filter on a small close-tcxtme paper; wash 3 limes with cold HCl 
(1:99), and 10 times with warm water. The tecovcrv of BaS0 4 that is oidinarily ob- 
tained represents approximately 0.001 to 0.002% of sulfur. 
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FERROMANGANESE, SILIC’.OMANGANESE. AND MANGANESE- 

SILICON 


MANGANESE 

77//-; HISMUT1UTE METHOD li 

Apparatus. Filler,— Digest a suitable gtade of asbestos in hot UNO, and tliett 
wash it free of acid with hot water, Ptcpurc a pad of the asbestos on a 2-iu. alum 
tlum or perforated pottdain plate testing in a huge glass luuuel. 

11 eugcnls. (a) Perchloric At id (70CO. 

(b) Standard Sodium Thiosulfate Solution (0.1 ;Y). 

hr partition.- Dixsolu- 21.8 g. of NaNjOp.')! 1.0 in i liter of fleshly boiled and 
cooled water in a sterile glass bottle. If sulfur precipitates during ptepafation or 
upon subsequent use. disc.ud tire solution and ptepate a new one. 

Standardization.— 1'ipel 25 ml, of I). I .V K,1() ;1 into a 125-ml. flask. Add 50 ml. 
of water, l g. of K.I. and I U ml. of 11 ..SO, fil ls. I itiule with tire Xa.N.() s coin* 
tiou to a light straw color. Add 2 ml. of starch solution (10 g. per liter) and ton- 
timie titration to lire tlisappeatauce of the blue tolot. 

Where empirical stamlaidi/atiou against toppet is tetptiied, directions will be 
found in the methods concerned. 

(c) Sodium Hi.smuthnte.—Thi.s reagent shall be of the 80"', grade and free of 
manganese. Test its oxidizing power as follows: shake 0.5 g. of NaliiO., and 1 g. 
of K1 with a little water in a stoppered Mask: add 15 ml, of HCt and allow to 
stand in the dark, while shaking occasionally, until the NaliiO, has entireh de- 
composed: dilute to 500 ml. and titrate with 0.1 .Y .NaJs.X) ( . using starch as art 
indicator at the end. One milliliter of 0.1 .Y Na.,S..O ; , is equivalent to 0.01 10 g, 
of NaBiO.j. 

To test for manganese, add 5 g. of NaBiO., to 15 ml. of UNO.. (1:5b Heat and 
dissolve by adding drop hv tlrop a tlihrte solution of FeSO,. Continue as tie- 
scribed below under the procedure for fciromangartese amt manganese metal, to 
die addition of NaBiO,,. when the development of a pink color will show the 
presence of manganese. 

(d) Nitric Acid (11:97).— lloil 40 ml. of UNO., under the hood until decolorized, 
cool, and pass in a current ol clean air lor 5 min. Mix 50 ml. of this acid with 
970 ml. of water. Add 1 g. of NaBiO.,. shake, and allow to settle. INe only tin- 
clear supernatant liquid. 

(e) Ferrous Ammonium Sulfate.— Fine, well-mixed crystals of Fe(NII,)..(,SO,).,« 
6HX) will be required. Determine the manganese equivalent as follows: ttansfet 
-0 g. of NaliiO., to a 1 -liter Erlenmeyer flask: add 250 ml. of cold UNO,, (Ha): 
and vigorously agitate the solution for 1 min.: dilute with 250 ml. of colci water, 
and immediately Idler through a layer of acid-washed asbestos as described in the 
following section, Paragraph (b); add 100 ml. of 0.1 .V KMnO, to the filtrate; .stir, 
add 5.000 g. of ferrous ammonium sulfate and a few drops of 0.0! M 1.10-pheiian- 
throlinc indicator, ancl immediately titrate the excess of the ferrous salt with o.l .y 
KMn0 4 to a dear green color that persists for at least 50 sec. 

(0 1,10-PhenanthroIine-Ferrous Complex Indicator Solution (0.025 M). 

enrounl^T- 110 ? * 8 U ° l a PP ,ical,,c in lhe P rcScncc of but this element is scUIoin 

encountered in ferromanganese. 1 
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Dissolve 1.485 g. of 1,10-plicnanthroHnc monohjdratc in 100 ml. of 0.025 At 
ferrous sulfate solution. 

(g) Standard Potassium Permanganate Solution (0.1 N). Preparation .— Dissohc 
3.2 g. of KMn0 4 in 1 liter of water. Let stand in the dark for 2 weeks, and filter, 
without washing, through a Gooch crucible or a frilled-glass crucible of fine porosity, 
a\ oiding contact with rubber or other organic material. Store in a dark-coloied, 
glass-stoppered bottle. 

Standardization. 14 — Transfer 0.3000 g. of the National Bureau of Standards stand- 
ard sample of sodium oxalate 15 dried at 10 j"C., to a GOU-ml. beaker. Add 250 
ml. of H_,S0 4 (5:95), previously boiled for 10 to 15 min. and then cooled to 
27® ± 3°C. Stir until the oxalate has dissohed. Add 39 to 40 ml . 10 of the 
KMn0 4 solution at a rate of 25 to 35 ml. per min., while stirring slowly. Let 
stand until the pink color disappears (about -15 sec .). 17 I leal to 55® to G0°C., and 
complete the titration by adding the KMu 0 4 solution until a faint pink color 
persists for 30 see. Add the last 0.5 to 1 ml. drop by drop, with particular care 
to allow each drop to become decolorized before the next is introduced. 

Determine the amount of KMn0 4 required to impart a faint pink color to the 
solution by adding the K.Mn0 4 solution to the same volume of the boiled and 
cooled H.,S0 4 (5:95) at 55® to G0*C. This correction usually amounts to 0.03 to 
0.05 ml. ” 

Procedure. 1. Ferromanganese and Manganese Metal, (a) Solution of Sample. 
—Transfer 0.25 g. or the sample to a l-liter Erlcmncycr flask, and add 15 ml. of 
HNO a (1:3). Heat cautiously uirtil the sample is dissohed. Add 8 ml. of HC10 4 
(70%) and boil gently until the acid fumes strongly and MuCh. begins to separate . 18 
The heat applied to the flask shall be such that the HCl 6 4 refluxes down die 
sides, and no great amount is lost by volatilization. Cool, add 5 ml. of water and 
25 ml. of HN0 3 (1:3), and boil for several minutes to expel free chlorine. Add 
sufficient H„S0 3 or NaNO« solution to just dissohc the separated MnO s , and to 
reduce any chromic acid formed from any chromium in the alloy during fuming 
with HC10 4 . Boil tiie solution for 3 min. to completely expel oxides of nitrogen. 
Cool to room temperature, add 225 ml. of colorless HNQ 3 (2:5) and sufficient 
water to bring tile total volume to 250 ml, and cool to 10® to 1 5®C. 

(b) Oxidation of Manganese.— If the directions in Paragraph (a) have been fol- 
lowed, the manganese will, at this point, be present in a concentration of approxi- 
mately 0.001 g. per milliliter of HNO a (1:3). This concentration of manganese 

I* I ouler, R M., and Bright. H. A., Standardization of Pei manga nalc Solutions whit 
Sodium Oxalate, Journal of Rcseaich, Nat. Bureau Standards (Reseat cli Paper RPS43), 15, 
5, 493 , September, 1935. 

15 If the Buieau of Standards standaid sample of sodium oxalate is unavailable, pure 
sodium oxalate may be prepared according to Sorensen by (a) two rccrystalli/ations from 
water of the reagent grade substatue, or (/>) precipitation fiom an aqueous solution with 
alcohol. See Sodium Oxalate as a Standaid in Volumetric Anal) sis, Circular C40, Nat. 
Buieau Standards, 5, 1913. 

ic A 0 3-g. portion of sodium oxalate requires 44.77 ml. of 0.1 N KMn0 4 . 

ir If the pink color should pcisist because the KMn0 4 is loo stiong, discard, and begin 
again, adding a few milliliters less of the K.M 11 O 4 solution. 

is Chromium in amounts less than 2% docs not cause appieciable interference if the 
oxidation and titiaiion ate rapidly done in cold solutions. Larger amounts interfere to 
some extent, and should be separated piior to the final oxidation with NaBiOj. The 
separation is most conveniently made during the initial fuming with HCIO 4 , by adding 
small portions of HC1 as soon as all the HNO 3 has been expelled. After alternately add- 
ing HC1 and fuming, add 5 ml. of HCIO 4 , and permit the fuming to continue as directed 
in the absence of chromium. 
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uul HNO v and a temperature of 10' to 15’C., ate conditions necessary to insure 
maximum .stability of the permanganic acid to he formed as further described. 
To ensure complete oxidation of the manganese to pci manganic acid, it is essen- 
tial that the Nal 3 iO ;t be used in the ratio of at least liti < 4 . to every gram of man- 
ganese in solution. Add approximately 7 g. ('I g. if the sample is manganese 
metal) of N'aliiO.j to the flask, agitate biiskh lor 1 min., dilute with 25f) ml. of 
cold water, and Idler immediately through an asbestos pad (see Appatatus}. f lie 
litter can be washed ftce hum manganese more icadiiy if not allowed to run dry 
during the filleting and washing. Wash the filter and residue with cold, freshly 
boiled UNO., (;»:!>?) until the washings ate entirely cohuless, and immediately 
treat the filtrate ami washings as described in Paragraph (c), 

( 1 .) Add y g. (slightly mote if the sample is manganese metal) of ferrous am- 
monium sulfate to the idlcrcd solution of peimauganic at id. Stir briskly. As 
soon as (eduction is complete and all of the salt lias dissolved, add a few chops 
of t ).0 1 M 1 . 10 -phenumhtoliue indicator and titrate the excess feiiotts ammonium 
sulfate with 0.1 .V KMttO, to a clear green color that peiists for at least 110 set- 
(il) Calculation.— Calculate the percentage <>f manganese as follows*. 


Manganese, per cent 


(A 


H) X 

C " 


0.U1 10 


100 


where .1 ~ milliliters of exactly 1 A* KMnOi equivalent to grams of ferrous aumtonium 
sulfate added, 

H — milliliters of e.xa< (Jy ! A’ KMnOc required to titrate the excess ferrous am* 
muninm sulfate, and 
C — grams of sample used. 

2. Siiiconuingmurse unit Mnn^mtese Silicon. (a) Solution of Sample.—Tiamfcr 
0.3 g. of silicoinanganese (tit) to 70%, manganese) or 1 g. of manguMcsc-stiuou (2b 
10 25% manganese) to a large platinum dish fitted with a platinum cover, and 
add 10 ml. of flF. (Some spiegeleisetts ate completely soluble in HN*O v in which 
cise the sample may be dissolved directly, as described in Section 1 .) When the 
reaction moderates, add UNO,, a few drops at a time, until the sample is dis- 
solved. Remove the cover and titise it with water. Add 8 ml. of UCK), ( 70 %) 
and evaporate to dense white fumes or until Mntb begins to separate. Cool, 
transfer to a 1 -liter Krleumeyet flask, and boil for several minutes to expel free 
chlorine; next rinse the dish into the Kileumeycr Ilask with 25 ml. of HNO., ( 1 : 3 ) 
plus sufficient ILSO-, to dissolve the separated Miifh, boil for 3 min. and cool. 
Add 225 ml. of colorless UNO-, (2:5) and sufficient water to bring the volume to 
250 ml., and cool to HP to 15 J C. 

(5) Complete the determination as described in Section 1 (!>) to (</). 

Tim miOPHOSPIlATE ( EOTEXTIOMETKIC ) METHOD (E)DfiQT) 

Scope.— This method covers the determination of manganese in commercial 
grades of ferromanganese and silicoinanganese in the range from GO to 90%. 

Summary of Method .- Manganous manganese, in a neutral pyrophosphate soltt- 
Uon - ’ s titrated potentiometrically with permanganate. The manganous ion is 
oxidized, and the permanganate reduced, to a tiivaient pyrophosphate complex. 

Interferences.— Provision has been made for removal of interfering elements. 

Apparatus, (a) pH Meter.— 'I bis should be equipped with a platinum electrode, 
a fresh, sleeve-type, calomel-shielded electrode (No re •!), and a glass electrode. 
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Note 4,-Calomel elecuodes that have been allowed lo dry out will give very poor results. 

(b) Magnetic Stirrer.— Use of a tcirafluorethylcnc (Teflon) covered stirring bar is 
recommended. 

Reagents, (a) Boric Acid (H 3 B0 3 ). 

(b) Hydrogen Peroxide (3%).— Dilute I volume of concentrated hydrogen per- 
oxide (H 2 0 2 , 30%) with volumes of water. 

(c) Potassium Permanganate, Standard Solution (0.05 N). 

(d) Sodium Hydroxide Solution (200 g. per liter).— Dissolve 200 g. of sodium 
hydroxide (NaOH) in water and dilute to I liter. Prepare fresh as needed. 

(e) Sodium Pyrophosphate (NajP^Oj* I0JLO) (Nim. 5). 

Note 5.— The sodium pytoplunpliatc must be ficc fioin impmitics. Each lot should be 
tested b\ anai\/ing a solution containing a known amount ol manganese in the Toim of a 
•a anti. -ml manganous solution. If the results me nratir, the sodium py mphospluie should 
be purified bv rccrystallization. 

Procedure for Ferromanganese.— (a) Transfer 0.2 g. of sample, weighed to the 
nearest 0.1 mg., to a •100-ml. beaker. Add 20 ml. of HNO a (1:1). 10 nil. of HC10 4 , 
and 8 to 10 drops of HF. Cover the beaker immediately, place on a hot plate, 
and digest until complete dissolution is ellectcd and nitrogen oxide fumes have 
been expelled. Then add 1 g. of and evaporate to copious white fumes. 

Withdraw the cover slightly and volatilize any chromium present by the dropwise 
addition of HC1. When thromyl chloride has been expelled, as evidenced by the 
disappearance of the orange vapors, replace the cover and evaporate to copious 
while fumes. Cool, add 10 ml. of HC1 (1:1) and 1 nil. of H^CL, anil boil for 4 
to 5 min. 

( b ) Cool to room temperature, wash down the cover and sides of the beaker, 
dilute to 150 to 200 ml., and add 35 g. of Na 4 P 2 0-- l0H 2 O. Place a stirring mag- 
net in the beaker, place the beaker on a magnetic stirrer, and stir until the salt 
dissolves. Using a pH meter (with calomel and glass electrodes), adjust the solu- 
tion to pH 6.5 with NaOH, and HC1 if necessary. The solution should be clear. 
If a precipitate forms, dilute further and stir until a clear solution lesults, main- 
taining a pH of 6.5. Cool to 20“C. (Note 6). 

Note 6.— Allowing (lie solution to stand for at least ", min. and cooling to 20'C. be- 
fore titration gives a more stable miti.il potential. 

(c) Titrate potentiometrically with KMu0 4 solution, using the pH meter 
equipped with platinum and calomel electrodes. Add the reagent rapidly until 
the first deflection of the galvanometer is noted and then dropwise to the equiva- 
lence point. The drop giving the largest potential change is taken as the end 
point. 

Procedure for Silicoinanganese .—' Transfer 0.25 g. of silicomanganese, weighed to 
the nearest 0.1 mg., to a 400-ml. beaker. Add 20 ml. of HN0 3 (1:1), 10 nil. of 
HC10 4 , and 20 drops of HF. Proceed as above. 

Calculation.— Calculate the percentage of manganese as follows: 


where A 
B 
C 


Manganese, per cent 


AB X 0.04395 
C 


X 100 


milliliters of KMn0 4 solution required for the titration, 
normality of the KMn0 4 solution, and 
grams of sample used. 
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TOTAL CARBON BY THE DIR KCT-COM IJUS'HON METHOD 

Procedure *— Determine carbon by the tliri’cl-tombusiion method described above 
under Fenosiiitot) ([>. 7<>5), with the following modifications: 

(f) Use 0.25 to 0.5(1 g. of the sample. 

(2) Use a furnace tcmpeiattire of 1200'' to 155UX, 

(7) When testing high-silicon matetial, mix the sample with I g. of powdeted 
CuO and cover with 1 to 2 g. of 10-mesh ingot iron drillings err millings. 

PHOSPHORUS BY THE PE RC1 Il.ORIC ACID* 

alkaumetrk: method 

Reagents.— For descriptions of the reagents requited, see the section on the 
procedure for dctci initiation of phosphouis. above. 

Procedure.— (a) Dissolve 2 g. of tin* sample of fettotnanganese in 50 ml. of 

HNO ;l . 

(f>) In the case of siiuoutaMgaiiese ot manganese-silicon, ttansfer 2 g. of the 
sample to a huge platinum dish, (lover and add 50 ml. of 1I.NO,. and thru flout 
10 to 15 ml. of HF in small amounts. 

(c) When solution is complete (1‘aragiaph (a) or 0>S), add 20 ml. of IICIO, (70%,). 

and evaporate* to dense white hums, or until MnO., begins to separate’, l ake up 
in 50 ml. of water and sufficient H..S< ) , to dissolve the piecipitatecl MnO.,, boil, 
and tiller into a 5U0inl. Falcumeyer flask tt> irmove Si( ).„ Wash the paper am! 
SiCk, well with (Lldh. ignite in platinum at a low heat, and add several 

millilitets of HF ami 2 ml, of HCIO, (70% }. Iwapotaie to dense white fumes, 
add to the main solution, boil for 2 to 5 min. and tool to loom temperatuied J 

(d) To the cold .solution (lot) ml. in volume) add 2 ml. of UNO, and D.U.5 g. of 
phosphorus-free forums ammonium sulfate, and btiug the lempeiauue to 2 .jX.-’‘ 
Add 50 ml. of ammonium molybdate solution, stopper the ilask, and shake vigor- 
ously for 5 min. 

(e) Complete the detetmiuation as dc-sciihed in the section for phosphuius in 
ferrosilicon. 


SULFUR BY THE NITRIC ACID OXIDATION METHOD 

Reagents, (a) Barium Chloride Solution HUD g. per b). 

(b) Zinc (20- to 50-mesh, sulfur-free). 

Procedure.— (a ) Dissolve 5 g. of the sample in 75 ml. of HNO ;l . When solution 
is complete, add 0.5 g. of NaXQ.,. and carefully evapotate to dryness in a sulfur- 
free atmosphere. Bake for 15 to 20 min. on a hot plate. Cool, add 50 ml. of 
HCl, and warm gently until salts arc dissolved. Add 50 ml. of MCI and evapotate 
to sirupy consistency. 

(b) Add 10 ml. of HCl, 25 ml. of water, anti 5 g. of 20- to 50-utesh sulfur-free 
«nc. and warm on a steam bath until the iron is reduced to the ferrous state and 
die evolution of hydrogen has nearly ceased. Filter through a close-texture paper 

and wash with 75 ml. of HCl (I 


9 If titanium is present, evaporate the I ICIlC) t -HF solution of the Sic)., just m dienes-,, 
use the residue with a small amount of NaXO;,. leach the melt with ~2’> ml. of w uer 
cool, ami filter. Make the filtrate just acid with UNO;, and add it to the main solution 
} ,„L 1 van: ! t T" u *s present in amounts over 0.08%, reduce it with FcSO, and H..SO.! 
uctore precipitation with molybdate. 1 
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(c) Waim the filtrate to C0° to 70 # C. and add 20 nil. of BaCl a (100 g. per liter ). 21 
Stir vigorously and let stand 18 to 21 l»r. Filter on a 9-cm. close- texture paper 
and discard the filtrate. Wash once or twice with cold HC1 (1:500) and then with 
hot water until free of chlorides. Reserve the precipitate. 

(d) Add 2 ml. of BaCL (100 g. per liter) 10 the washings and evaporate to dry- 
ness. To the residue, add 2 ml. of HCI (1:1) and 25 ml. of warm water, and 
digest at G0° to 70°C. foi several hours. Filter on a small close-texture paper and 
wash with hot water until free of chlorides.- 2 

(<?) Ignite both papers (Paragraphs (r) and (d) in platinum. Add 1 drop of 
H 2 S0 4 (1:1) and I ml. of FIF. Evaporate to dryness, ignite, and weigh as BaS0 4 . 

(f) Blank.— Make a blank determination, following the same procedure and 
using the same amounts of all reagents. 

(g) Calculation.— Calculate the percentage of sulfur as follows: 


. (-1 " m X 0.1374 

Sulfur, per cent — 


X 100 


where A — grams of BaSOi, 

D =* correction for blank, in grams, and 
C — grams of sample used. 


SILICON BY THE NI 1'IUC -SULFURIC ACID METHOD 

Reagents. Nitric-Sulfuric Acid Mixture.— Slowly stir 1G0 ml. of H 2 S0 4 into 
660 ml. of water, and add 180 ml. of HN0 3 . 

Procedure. 1. Ferromanganese and Manganese Metal.— (a) Dissolve 1 g. of the 
sample with 50 ml. of the HN0 3 -HoS0 4 mixture in a 250-mi. porcelain casserole, 
and evaporate gently to dense white fumes. 

(b) After the solution has cooled somewhat, add 125 ml. of water and 5 ml. of 
HCI. Heat, while Stirling frequently, until all salts are dissolved, and immedi- 
ately filter on a 9-cm. paper. Wash the precipitate with hot HCI (5:95) and hot 
water alternately, to complete the removal of soluble salts, and finally with hot 
water until free of add. 

(c) Transfer the paper and precipitate to a platinum crucible, char the paper 
carefully, cover the crucible, and ignite o'er a blast lamp or in a muffle furnace at 
1100° to 1150 8 C. to constant weight. Cool in a desiccator, and weigh. 

(d) Add sufficient H 2 S0 4 (1:1) to moisten the Si0 2 , and then a small amount of 
HF. Evaporate to dryness, ignite at I000"C., and weigh. The loss in weight 
represents Si0 2 . 

(e) Calculation.— Calculate the percentage of silicon as follows: 


c-r A X 0.4672 

Silicon, per cent « X 100 

B 

where A — grams of SiOj and 

B — grams of sample used. 

, 21 The solution should pieferably contain not more than 2% by volume of HCI at the 
time of the precipitation with BaCl 2 . Ordinarily, there will be no hydrolysis of iron 
during the filtration and washing of the undissolved zinc or the precipitation with BaCl 2 - 
Should this occur, the solution must be cleared by the addition of HCI, having due re- 
gard to the final permissible acidity. 

22 This recovery of BaS0 4 oidinarily represents from 0.001 to 0.003% of sulfur. 
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2. Silicomaitgam’sc and Manganese-Silicon.— (a) Transfer 0.5 g. of the sample 
of silicomanganese (till to 70% manganese) or 0.25 g. °f manganese-silicon (20 to 
25*7, manganese) to an iiou crucible. Add 8 g. of diy N aAL, mix, and fuse. 
Transfer the cold cake to a d»v 5U0*ml. porcelain casserole, covet, and add 80 till, 
of II..SO, (1:1). When aciclifving the solution of the fusion with ILSO,, it is 
necessary to add some Ib.SO, to dissolve the Mn(b that may separate. When all 
action ceases, rinse the crucible well with water, add the timings to the ca.cvetoie. 
and evapotate to dense white fumes. 

(5) Complete the determination as described in Section i (h) to {<■'). 

(<) When higlt atiuvaiv is desiitd. it js advisable to evapotate the filtrate and 
again dehvdialc, filter, etc., to tec over the small amount of SitT that escaped the 
fitst delmhalion. 


FERROUORON (Iwi 1-fiOT) 


Scope ami Application.— 'I'liesc methods cover the chemical analysis of ferro- 
boron having chemical compositions within the following limits: 


Hot on, per cent. to 20.0 

•Silicon, max., per cent ( >-I to 5.0 

Carbon, max., per cent. 0.1 to 3.0 

Aluminum, max., per cent 0.0 1 to 0.50 


BORON BY THE ION-EXCHANGE METHOD 


.Scope.— 'flu's method covets the determination of baton in the range from 10 
to 20%,. 

Summary of Method .— I he sample is fused with sodium peioxide and the fusion 
lealhetl with acid under a icltux condemn , transfer led to a beaker, diluted, and 
passed through a column of a strong adcl-tv pe ion-exchange resin to remove inter* 
fering cations. The diluent is nearly neiiu.di/ed, tc fluxed to remove t.ubon diox* 
ide, and tooled. After adjusting the pi I, invert sugar or mannitol is added, and 
the solution titrated potentiomcii icallv to pi 1 (id) with staucl.ud sodium hvdmxidc- 
soluiiou. 

Apparatus, (a) Florence Flasks.— These should have 250* and 500-ml. capacity 
(low-boron). 

0>) Reflux Condenser.— The condenser should he equipped with an inner tube 
made of low-borou glass. 

(c) Iron Crucible.— Iron, 30-ml. crucibles made ft out No, 20 gauge (0.038 in.) 
ingot iron are suitable. 

(d) Ion-Exchange Column.— Prepare by substituting for the zinc column in a 
Jones Redactor (Fig. 25-1) a column of a suitable ion-exchange resin (see (r), 


I he Jones Rcductor shall conform to the dimensional requirements shown in 
L'g. 25-1. 

(e) pH Meter.— This should be provided with outside electrodes and stirrer, 
lie 'agents and Materials, (a) Boron, Standard Solution (1 ml. = 0,0005-1 g. B) 
—Pulverize 5 g. of boric add (H.,BO ;i ) to pass a No, GO (250-/c) sieve and city in' 
vacuum over anhydrous magnesium perchlorate - 3 at room temperature to con* 


- 3 Anhydrone lias been found satisfactory for (his purpose. 



770 


ALLOYS: FERRO-ALLOYS 

stunt weight Dissohe 3.092 g. of the dry salt in 500 ml. of hot water. Cool to 
loom temperatuie. and dilute to 1000 ml. with cold, recently boiled water. One 
milliliter of this solution is equivalent to 0.00051 g. of boron. 

(b) Ferrous Sulfate (FeSOj. 

(c) Ion-Exchange Resin-- 4 — This should have 8% cross linkage, passing a No. 50 
(297 -m) sieve but retained on a No. 100 
(M9-/0 sieve. 

(\1) Invert Sugar Solution (1515 g. per 
liter).— Dissolve 1000 g. of granulated 
sugar in 050 ml. of previously boiled hot 
watei and add 8 nil. of I N HCi. Heat 
at 80' to IJO'C. for 2 hr. Adjust to pH 0.9 
with NaOIl solution just before use. 

(e) Mannitol.— Mannitol, neutral, inay 
be used instead of invert sugar in Para- 
graph (<i). 

(1) Methyl Orange Indicator (1 g. per 
liter). 

<g) Sodium Hydroxide, Standard Solu- 
tion {I ml. = 0.001 1 g. ]!).— Picparc as di- 
rected except that the sodium hydroxide 
(NaOIl) shall be dissolved in a poly- 
ethylene beaker and stored in a poly- 
ethylene bottle. Standardize the solution 
against 50 nil. of the standard boron solu- 
tion. since the relation is not stoichio- 
metric. The actual boron equivalent of 
the NaOH is 1 to 2% above the theo- 
retical. 

(h) Sodium Peroxide (Na.,0.,). 
Procedure.— (a) Transfer I g. of the 
sample, weighed to the nearest 0.5 mg., to 
a 30-ml. iron crucible and mix well with 
10 g. of Na.,0.,. Put on goggles, and fuse 
the mixture carefully by first playing die 
flame of a laboratory burner cautiously 
on the surface of the mixture until fusion 
begins, and then revolving the crucible 
in the outer edge of the flame by gripping with a pair of tongs and rotating vtgoi- 
ously, gradually raising the tcmpeiature to about 900'C., until decomposition is 
complete. 

(b) Cover the crucible, cool to loom temperature, and tap on a solid object to 
loosen the cake. Transfer the cake to a 250-ml. Florence flask, and connect to the 
reflux condenser. Mix 30 ml. of HCI with 20 ml. of water, and rinse the crucible 
with successive portions, adding the rinsings to the flask through the condenser. 
This should decompose the cake and render the solution just acid. If not, add 
enough HCI to make the solution just acid to litmus, and boil gently for 5 to 10 
min. Cool, disconnect the flask from the condenser, add 1 g. of FeS0 4 , agitate 

■** Dowex-50 resin has been found suitable for this purpose. 


Reservoir 
(100 ml .Approx.) 



Amolgomoted 

Zinc 

(Z0- to 30-Mesh) 


-*H H-I9mm 


. . Perforated 
Porcelain 


Gloss Beods- 


Suction Flask 

Fic. 25-1. Jones Reducior. 
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ihc flask, and blow a ament of air on tin: surface of the solution to expel chlorine. 
Transfer the solution to a 25tl-ml. \olumetm flask and dilute to the mark. By 
means of a pipet. transfer at) ml. of tlie solution, equivalent to 0.2 g. of the 
sample, to a 150-mi. beaker, ami dilute to 1U0 ml. 

(c) Place a l ent, plnj^ of glass wool in the bottom of the ion-exchange column. 
Fill the tube with resin ami wash, fit si with HIP ml. of I ltd (i'.2). and then with 
water to remove the acid. Doting the washing pun ess adjust the How* rate to 
approximately 20 ml. per min. Pass the lot) ini. sample thiuuglt the resin column, 
and wash the column with 200 ml- of water in stutessiwdy small portions. Re- 
generate the resin bclote reuse by washing with lit',! (1:2) until the iron is removed, 
and finally with water to remove the acid. 

(</) Transfer the eluate to a 500-ml. llask of low-boron glass, arid f> shops ol 
meiltvl orange indicator, and neatly neuttalue by addition of NaOII pellets. Hod 
the solution under a icllux tondeuser lor 5 nun. to temose airs carbon dioxide 
(CO.,) present, tool to room temperature, and transfer to a 000-inl. beaker. 

(c) Using a pH meter, adjust the solution to pH it. 9 by addition of 0,1 .V 
NaOH solution Itotn a irtnet. Add striitcieirt insert sugar solution or mannitol 
to make the resulting concentration *,'.(» M { L! ml. insert sugar solution or 11 g. of 
mannitol per 100 mi. of solution). Titrate immediately to pH ti.'J with 0.1 .V 
XaOH solution. 

(f) Blank.— Make a blank determination following the same prot crime atrd using 
the same quantities of all reagents. 

Calculation.— Calculate the percentage ol boron as follows; 


Bui on, per cent 


{.! - IJ)C 
D 


100 


where .1 — milliliters of XaOH solution requited fur titration of the .sample, 
H — milliliters of XaOH solution required for titration of tint blank, 
C = boron equivalent of the XaOH .solution, arid 
l) — grams of sample used. 


ALUMINUM BY THE AURIN! RlCARBOXYl-IC ACID (ALU MI NON) 
(IM IOTOM KTRIC) METHOD (Kdl-fiO I ) 

.Scope.— This method toser.s the determination of aluminum in the range from 

0.01 to 0.50%. 

Summary of Method.— After fusion of the sample with sodium peroxide am! 
leaching with water, an aliquot of the supernatant liquid is acidified, and the 
aluminum concentrated by precipitation with ammonium hydroxide. Iron is 
separated with cupferrou, the excess tupfetron in the filtrate destroyed with nitric 
and perchloric acids, and aluminum determined photometrically with alumiutm 
reagent. 

Concentration Range.— The recommended concentration range is from (M)g t c , 
010 mg. of aluminum in a l(H)-ml. volume using a tell depth of 2 cm. (Noth 7). 

-\ori. 7.— i Iris method has been written lor a cell basing a 2-cm. light path. Cells hav- 
ln o' ol her dimensions may be used, provided suitable adjustments can be made in tin- 
amount of sample and reagents used. 

Stability of Color.— The color has an appreciable temperature coefficient, and 

a nu -‘asureinents should be made within ± DC. of the selected operating tem- 
perature. h 
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/nter/erences.— Provision for removal of interfering elements normally present 
in ferroboron has been made. 

Precautions.— See the paragraph on perchloric acid under “Water, Reagents, 
and Glassware," in the section "Stnndnid Methods for Chemical Analysis of Steel, 
Cast Iron, Open-Hearth Iron, and Wrought Iron,” Chapter 21, relative to use of 
perchloric acid. 

Apparatus, (a) Volumetric riasks.— Flasks shall be ot borosilicatc glass, glass- 
stoppered, 100- and 200-mi. capacity. 

(b) Iron Crucible, 50-ml. 

Reagents, (a) Aluminum, Standard Solution (1 ml. = 1. 00 mg. Al).— Transfer 
1.00 g. of high-purity aluminum to a Miter volumetric flask. Add 100 nil. of HC1 
(1:1), and heat gently until dissolution is complete. Cool to room temperature, 
dilute to the mark, and mix well. \ 

(b) Aluminum, Standard Solution (1 ml. = 0.0100 mg. Al).— Transfer 10.0 ml. of 
aluminum solution (1 ml. = 1.00 mg. Al) to a 1-litcr volumetric flask, add 20 ml. of 
HC1 (1:1), dilute to the mark with water, and mix well. 

(c) AIuminon-Buffer Solution.— Dissolve 125 g. of ammonium acetate 
(NH^CjjHjjOj,) in 250 ml. of water and 20 ml. of glacial acetic acid, and filter 
through a dry filter. Dissolve 0.250 g. of ammonium aurintricarboxylate (alumi- 
non) in 50 ml. of water, and add to the ammonium acetate-acetic acid solution. 

Dissolve 0.50 g. of benzoic add in 20 ml. of methanol anil add slowly with good 
stirring to the acctatc-aluminon solution. Dilute the combined solutions to 500 
ml. with water. Add 250 ml. of glycerol with good stirring, and transfer the solu- 
tion to a dark-colored, glass-stoppered bottle. Store in a dark place, and let stand 
for 72 hr. before using. 

(d) Ammonium Chloride Wash Solution (20 g. per liter).— Dissolve 20 g. of am- 
monium chloride (NH 4 C1) in 200 ml. of water, and dilute to I liter. 

(e) Bromcrcsol Purple Indicator (0.1 g. per liter).-Dissohc 0.1 g. of bromcresol 
purple in 1.85 ml. of 0.1000 N NaOH solution and dilute with water to 250 ml. 

(f) Cupferron Solution (GO g. per liter).— Dissolve G g. of cupferron in 80 ml. of 
cold water, dilute to 100 ml., and filter. Prepare fresli as needed. 

fg) Cupferron Wash Solution.— Athl 20 ml. ol cuplcrron solution to 080 ml. of 
H 2 S0 4 (1:9). 

(h) p-Nitrophenol Indicator (0.20 g. per liter).— Dissolve 0.020 g. of p-intro- 
plienol in 100 ml, of water. 

(i) Sodium Peroxide (Na^On). 

(j) Thioglycolic Acid Solution (10 ml. per liter).— Dilute 1 ml. of thioglycolic 
acid to 100 ml. with water. This solution is not stable and should be yjreparcd as 
needed. 

Preparation of Calibration Curve, (a) Calibration Solutions.-(Z) By means of 
a buret, transfer 2.0-, 4.0-, G.0-, 8.0-, and 10.0-ml. aliquots of the standaid aluminum 
solution (1 ml. = 0.0100 mg. Al) to five 100-ml. volumetric flasks, and carry a sixth 
100-ml. volumetric flask along as a blank. Add 2 ml. of HC10 4 to each flask and 
dilute to 20 ml. with water. 

(2) Add 3 drops of the p-nitrophenol indicator. Neutralize to a yellow color 
with NH 4 OH. Immediately add HC1 (1:1) dropwise until the solution is color- 
less, and then add I drop in excess. Add 0.2 ml. of thioglycolic acid solution and 
15 ml. of the aluminon-buffer solution. Since the latter solution is viscous, allow 
the pipet to drain for a few minutes. Place die 100-ml. volumetric flask in a 400- 
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ml. beaker containing boiling water. Heat for exactly 1 min. while maintaining 
the water in the beaker at the boiling point. Remove from the -lOU-inl. beakei. 
and cool in the air for 1 mitt. Cool in mooing water for ! min. Dilute u» ‘he 
mark and mix. 

(b) Photometry.— Transfer water to a If (in. photometer cell, and adjust the 
photometer to the initial setting, using a light band tenteied at approximate!) 
510 nm. Transfer a suitable portion of the test solution, adjusted to 2a 1C., 
to a matched - cm. photometer cell, and take the photometric leadings of the cali- 
bration .solutions. 

(c) Calibration Curve.— Plot the photomettu leadings of the calibiatiou .solutions 
against milligrams of alumiunm per lot) ml. of sohuion. tot ret ted for the blank 
if necessary. 

Procedure.— (d) Tiansfer - g.. weighed to the neatest l mg., of the sample passing 
a No. 1UU (1 ih-M) sieve to a 50-mb itou ctucible tontaiiting 18 g. of N'.r.Oj, mix well, 
ami cover with 2 g. of Na Put on goggles and cuiuiouslv ltc.it out the ilatnc 
of a hurncr until the melt begins to fuse, and then inti case the temperature and 
continue heating for 1 to 5 mitt., icitaiiiig the ctiuible until the sample is com- 
pletely decomposed. Cover the crucible, tool, tap on a haul unfair to loosen the 
melt, and tiansfer to a weighed. 1200-m). stainless steel beaker. Cautiously add 
300 ml. of water. When the ic.ntion has ceased, wash the cuuible with hot watei 
and add the washings to the beakei. Add 200 ml. of water, 1 to 2 g. of NaAb, 
and boil for f» min. to oxidize any eiuoinitiiu pieseiit. Cool, and add water to 
make 1000 g. of solution. .Mix well, allow to settle, and del ant 750 g. of the solu- 
tion into another stainless steel beakei. Nearly ueuttalize the solution with 
HmS 0 4 (1:1) and tiansfer to a 1500-ml. glass beaker containing it) mb of lb.SC), 
(1:1). The solution should be acid to litmus: il not, add sullirieiit lb. SO. ( | ; h 
until an acid tcaction is obtained. 

(b) Add -5 to 5 diops of bromctesol purple indicator and Nil, OH (1:1) until 
the color of the solution just changes to put pie. Boil for 1 min,, let settle, filter 
using a 0-cm. medium paper containing a little paper pulp, and wash 12 to 15 
times with hot Nil, Cl wash solution. Transfer the paper amt precipitate to a 
•lUU-ml. beaker. Add at) ml. of UNO., to the 1500-mb beaker in which the precipi- 
tation was made, heat to dissolve any piecipitate adhering to the sides of the beaker, 
and transfer the solution to the lUU-ml. beaker containing the paper and piccipi- 
t: 'te. Add 15 mb of HClO, and evaporate to copious white fumes (Caution) to 
destroy all organic matter. Cool, acid 20 mb of MCI. and again evaporate to 
copious white fumes to volatilize any cluomium present. 

(c) (mol. add 100 mb of MCI (15:85), beat to boiling, and cool to 15” to 20 *C. 
Add a slight excess of cold tupfcirou solution, stir well, let settle, filter tlitough an 
ll-cm. medium paper into a -100-ini. beaker, and wash 12 to 15 times with cold 
cupferron wash solution. Discard the precipitate. 

(d) lo the filtrate add 30 mb of IINO., and 10 mb of HClO,. and evaporate to 
copious white fumes (Caution), Cool, ami wash down die cover and sides of the 
beaker with water. Again evaporate to copious white fumes and continue fuming 
until the volume is reduced to 2 mb Cool, add 50 mb of water, heat to hoiliii 1 ', 
and filter into a volumetric flask through a 9-cm. medium paper containing a little 
paper pulp. The size of the flask and subsequent dilution of the filtrate are based 
on the following ranges in aluminum content of the alloy: 
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Final 

Solution 

Aluminum^ per cent Volume , ml. 

0.0! to 0.05 200 

0.05 to 0.25 500 

0.20 to 0.50 1000 

Wash the paper 12 to 15 times with hot water and discard. Cool the solution to 
room temperature, dilute to the mark with water, ami mix well, 

(e) Transfer an aliquot containing from 0.01 to 0.10 mg. of aluminum to a 
100-ml. volumetric flask, and dilute to 20 ml. with water. Proceed as directed 
undei calibration tune preparation. Paragraphs (o)(2) and (b) (Noil 8). Carry a 
blank determination th tough all the steps of the pioccdure. 

Nnrr 8 — If mote than 10 diops or Ml, OH are mpiiud to mtiti.ili/e the solution, dis- 
taul, pipel another aliquot, evaporate to Ionics ol IKK),, ami I mne until the volume is 
leduced to incipient dmiess. loo laigc an extevs of acid causes piccipilation of the 
alummon lake when ncutiali/cd with N'll,Ofl 

Calculation.— By means of the calibration curse, consert the photometric read- 
ings of the sample and blank solution to milligrams of -aluminum. Calculate the 
percentage of aluminum as follows: 

tl . A-n 

Aluminum, per cent = ^ ^ --- q 

where A — milligrams of aluminum in the sample aliquot used, 

B * milligrams of aluminum in the blank, and 
C - grams of sample in the aliquot used. 

SILICON BY THE SULFURIC ACID METHOD (E31-60T) 

Scope.—' This method is recommended for the determination of silicon in the 
range from 0.1 to 5.0%. 

Summary of Method.— The sample is fused with sodium peroxide in an iron 
ctiicible, die melt transferred to a casserole, where it is acidified with sulfuric acid, 
and evaporated to dense white fumes. After dilution of the acid, the dehydrated 
silicon is filtered, ignited in platinum, weighed, and volatilized with hjdrofluoric 
and sulfuric acids. The platinum crucible is again weighed and the silicon deter- 
mined by difference. 

Apparatus. Iron Crucible, 30-nil. 

Reagents. Sodium Peroxide (Na„0.,). 

Procedure.-{a) Mix 0.5 g. of the" sample with 10 g. of Na.O. in a 50-mi. iron 
crucible. Put on goggles, and fuse the mix carefully by revolving the crucible in 
the outer edge of the flame of a laboratory burner at a temperature of 700° t° 
800°C. As the mixture begins to fuse, rotate the crucible vigorously to stir up any 
unattacked particles adhering to the bottom and sides; increase die temperature 
and continue heating for 3 to 4 min. longer. Cover with a lid and allow to cool 
almost to room temperatuie; then tap on a solid object to loosen the melt. 

(6) Transfer the cold cake to a dry, 500-mi. porcelain casserole (having a good 
glaze), add 80 ml. of H 2 S0 4 (1:1), rinse the crucible with hot water, adding the 
washings to the casserole, and evaporate, to dense white fumes. 
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Standardization against Potassium Dichromate ,— To prepare pure KX'r.O, rc- 
crystallize, at least twice, tire purest grade of the salt obtainable, dry the crystals 
at 150°C., and fuse in platinum at 4I5°C. Grind to approximately 80-mesh and 
preserve in a glass-stoppered bottle. Transfer 1.0000 g. of the pure KXr«0 7 , which 
contains approximately the same amount of chromium as a 0.5-g. sample of 70% 
ferrochromium, to an 800-mi. beaker. Dissolve in cold water, acidify with 40 ml. 
of H 2 S0 4 (1:3), and dilute with cold water to 500 ml. Add a slight excess of the 
ferrous ammonium sulfate solution (approximately 100 ml.), and titrate the excess 
ferrous ammonium sulfate with 0.1 A 7 KMn0 4 to the first faint permanent darken- 
ing of the clear gteen color. 

Example.— T he calculations involved m determining the normality of the ferrous am- 
inonium sulfate solution arc illustrated as follows: 

In a stand.iwlu.u tun, 1000 ml. of the Ce irons ammonium sulfate solution was used and 
5 0G ml. ol 0 1 A’ h\Iiit) 4 was required to tin ate the excess. 

1 ml of 0.1 A K 2 Cr..0 7 contains 0.001903 g. of K->Cr..O T 

1 g. of K 2 Cr 2 0 7 - 203.94 ml. of 0.1 iV K 2 Cr 2 0 7 
then' 

203 94 -f 5 0G = 209.0 ml. of equivalent 0.1 A' solution reduced by the ferrous ammo- 
nium sulfate solution 

Normality =* X 0.1 “ 0.11 

Standardization against Sodium Oxalate.— In standardizing against sodium oxa- 
late through KMn0 4 , it is necessary to add the ferrous ammonium sulfate solution 
by means of a calibrated pipet or buret instead of an automatic pipet. Transfer 
100 ml. of the ferrous ammonium sulfate solution to a CUO-nd. beaker, dilute to 300 
ml. with cold H.,S0 4 (5:1)5), add 2 ml. of H 3 P0 4 (85%), and titrate immediately 
with 0.1 A' KMn0 4 to a faint permanent pink color. Correct the volume of 
KMn0 4 by the volume tequired to give the same tint in the same volume of water 
and acids. When this method is used, it is necessary in the actual analysis to de- 
termine a blank to counteract the influence of the green color of the chromium 
sulfate upon the KMn0 4 end point. This blank may be determined in the solu- 
tion used in the analysis, as described in Paragraph (d) of the following section. 

(d) Ammonium Persulfate Solution (150 g. per liter). 

(e) Standard Potassium Permanganate Solution (0.1 N). 

Procedure.— (a) Transfer 0.5 g. of die sample to a 30-ml. iron crucible and add 
8 g. of dry Na^CX,. Thoroughly mix the contents of the crucible with a small rod, 
being careful to clean the rod, which may he done conveniently by scraping with 
another rod. Cover the mixture with an additional 1 to 2 g. of Na.,0.,. Cover 
the crucible with a nickel cover and carefully fuse the contents, preferably in an 
electric muffle heated to 600® to 700®C. Fusion for 5 min. at a low red heat after 
the mix has melted will Tesult in complete decomposition. When the charge has 
melted, the crucible should be given a slight rotary motion to stir up any un- 
attacked particles. 

(6) Place the cooled crucible and cover in a 600-ml. covered beaker, and dissolve 
the contents in 150 ml. of water. When the melt had dissolved, remove the cru- 
cible, cover, and rinse. Add to the solution 60 ml. of H 2 S0 4 (1:1) and 5 ml. of 
HN0 3 , and boil for several minutes until all iron scale from the crucible is dis- 
solved. Add 5 to 10 ml. of AgNO a (5 g. per lhcr), 2 to 4 drops of KMn0 4 (25 g. 
per liter), and 3 to 5 g. of (NH^^Or, and boil for 10 min. Add from 3 to 5 ml. 
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TOTAL CARBON BY THE DIRECT-COMBUSTION METHOD 

Procedure .— Determine carbon by the direct-combustion method (j>. 765), with 
the following modification: use 0.25 to 0.50 g. of the sample for high-carbon ferro- 
chromium, and 1.5 to 2 g. of the sample for low-carbon ferrochromium. 

SILICON BY THE SULFURIC ACID METHOD 

Procedure. 1. Loiv-Carbon Ferrochromium and Chromium Metal,— (a) Transfer 
1 to 2 g. of the sample to a 250-ml. porcelain cassciolc, add 10 ml. of H-jSO., (1:1), 
and warm the covered casserole gently until the reaction is complete. 

(b) Evaporate the solution to white Inmcs. If chromium sulfate solutions are 
fumed at too high teniperatuies or for any gicat length of time or with too little 
free add present, considerable difficulty will occur in dissolving the salts. The 
fuming should, therefore, be made at a temperature not much higher than that 
required for evolving the acid. Allow the cassctole ami contents to cool some- 
what (if permitted to become entirely cold, difficulty may be experienced in getting 
chromium salts to dissolve), add 150 ml. of warm water while stirring to prevent 
the residue from caking on the bottom, and boil the solution gently for several 
minutes to dissolve all salts. Filter, and wash the paper several times with hot 
HC1 (5:95) and then with warm water. 

(c) Transfer the filter paper and contents to a platinum crucible, char the paper 
without flaming, carefully ignite to remove carbon, and then heat die covered cru- 
cible over a blast lamp or in a muflle furnace at 1100* to 1150*C. to constant 
weight. Cool in a desiccator and weigh. 

(d) Add sufficient H 2 S0 4 (1:1) to moisten the residue and then a small amount 
of HF. Evaporate to diyucss, ignite at lOOO'C., and weigh. The loss in weight 
represents SiO a . 

(e) Calculation.-Calculate the percentage of silicon as follows: 

Silicon, per cent = ^ * 0.467.. ^ jqq 

where .1 = grams of Si0 2l and 

B = grams of sample used. 

2. Ferrochromium Containing Over 1 % Carbon.— (a) Transfer 1 g. of die sample 
to a 30-ml. iron crucible, and add 8 g. of dry Na 2 0 2 . Thoroughly mix die con- 
tents of the crucible with a small rod, being caieful to clean the rod which may 
be done conveniently by scraping with another rod. Cover the mixture with 1 
to 2 g. of Na 2 0 2 . Cover the crucible and carefully fuse die contents, preferably 
in an electric muffle heated to 600® to 700*C. Fusion for 5 min. at a low red heat 
after the mix lias melted will result in complete decomposition. When the charge 
has melted, the crucible should be given a slight lotary motion to stir up any unat- 
tacked particles. 

(6) When the fusion has solidified, tap the covered crucible, while still warm, 
on an iron plate to loosen its contents in a solid cake. Transfer the melt to a diy 
250-ml. porcelain casserole, cover, and immediately add 80 nil. of H 2 S0 4 (LI). 
Rinse the crucible with warm water and add the rinsings to die solution in die 
casserole. When action is complete, rinse, and remove die cover. 

(c) Complete die determination as described in Section 1 ( b ) to (e). 
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18*C. or less, oxidize the excess of ferrous iron with 8 ml. of (NH 4 )jS 2 0 8 (ISO g. 
per liter), and stir the solution vigorously for exactly 60 sec. 

(c) Titrate the solution (at 18° to 20°C.) with 0.1 N KMn0 4 , while stirring con- 
stantly, until a faint pink color appears that persists for 30 sec. 

(d) Blank.— Make a blank deermination by dissolving 0.1 g. of ingot iron in 60 
ml, of H 2 S0 4 (1:3) and 5 ml. of HNO a , and following the same procedure as with 
the sample. If the alloy contains an appreciable amount of chromium, dissolve 
in the acids with the ingot iron a weight of K 2 Cr 2 0 7 equivalent to the amount of 
chromium in die sample. 

(e) Calculation.— Calculate the percentage of vanadium as follows: 


(.4 - B)C X 0.05095 
Vanadium per cent — 


X 100 


where A = milliliters of KMnO« solution required for titration of the sample, 

B = milliliters of KMnOi solution required for titration of the blank, 

C = normality of the KMnOi solution, and 
D a* grams of sample used. 

TOTAL CARBON BY THE DIRECT-COMBUSTION METHOD 
Procedure.— Determine carbon by the direct-combustion method in accordance 
with the procedure for fcrrosilicon (p. 7G3), with the following modification. 

A furnace temperature of 1150* to 1200*0. will suffice for fcrrovatiadium, and 
complete combustion, except in very high-silicon material, can be secured without 
the addition of an accelerator. 


PHOSPHORUS BY THE ALKAL1METRIC METHOD 

Reagents, (a) Perchloric Acid (70%). 

(b) Ammonium Molybdate Solution (63 g. per liter).— Transfer 65 g. of (NH 4 ) 0 
Mo 7 0 24 -4H 2 0 to a 1-litcr beaker and add 40 ml. of NH 4 OH. Add 600 ml. of 
water and 100 g. of (NH 4 ) 2 S0 4 ,- 8 stir, and heat gently until in solution. Filter, 
without washing, dilute to 1 liter with water, and mix well. 

(c) Hydrobromic Acid (48%). 

(d) Potassium Permanganate Solution (25 g. per liter). 

(e) Ammonium Molybdate Solution (Acidic). 

(f) For descriptions of other reagents required, see reagents for determining 
phosphorus in fcrrosilicon. 

Procedure.— (a) Transfer 2 g. of the sample to a 200-ini. platinum dish, cover, 
and cautiously dissolve in 50 ml. of HNO a (1:2). When the reaction has subsided, 
wash down the cover and dish, and remove the cover. Add 3 to a ml. of HF, and 
digest for about 5 min. 

(b) Add 25 ml. of HCI0 4 (70%), place on a triangle or sand bath, and evaporate 
to fumes of HC10 4 . This evaporation must be conducted with catc, as most of 
the vanadium separates as V 2 0 3 , and the mixture has a tendency to bump. Con- 
tinue the gentle fuming for 5 to 10 min. to remove most of the HN0 3 and HF, 
and cool. 28 

28 In this ammonium molybdate solution (NH^SO^ replaces the usual NH 4 NO 3 . 

29 Care should be taken that not more than 5 ml. of HC10 4 is expelled; otherwise, add 
an additional 5 to 10 ml. of HCI0 4 before proceeding. Too great a loss of HCIO 4 may 
result in little if any of the phosphorus being precipitated later upon the addition of 
ammonium molybdate. 
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warm to 50° to C0 # C., and add 25 ml. of BaCL (100 g. per liter). Stir well and let 
stand at room temperature for 2-1 to 10 hr. 

(c) Filter, with as little transfer of the precipitate as possible, through a close- 
texture paper. Wash the paper 2 or 3 times with cold HC1 (1:09) and 7 times with 
warm water. 

(d) Ignite the paper and contents in a platinum crucible. Dissolve the ignited 
residue with 5 ml. of HCl, and transfer the solution to the original beaker con- 
taining most of the precipitate of BnS0 4 (Paragraph (c)). Digest the combined 
portions of BaS0 4 so as to dissolve any barium vanadate. Adjust the volume of 
the solution to 150 nil., and the acidity to 2% by volume of HCI. Add 8 ml. of 
BaCL (100 g. per liter), and allow to stand for 21 hr. Filter on a close-texture 
paper and wash 3 times with cold HCl (1:99) ami 10 times with warm water.* 1 

(e) Ignite in platinum, cool in a desiccator, and weigh as BaS0 4 . 

(f) Blank.— Make a blank determination, following the same procedure and us- 
ing the same amounts of all reagents. 

(g) Calculation.— Calculate die percentage of sulfur as follows: 


where A 
B 
C 


Sulfur, per cent 


(A - D) X 0.1374 

C 


X 100 


grams of BaSOt, 

correction for blank, in grains and 
grains of sample used. 


SILICON II Y THE NITRIC-SULFURIC ACID METHOD 

Reagents. Nitric-Sulfuric Acid Mixture.— Slowly stir ICO ml. of ILSC)., into C60 
ml. of water, and add 180 ml. of HNO r 

Procedure. 1. Low- or Medium-Silicon Ferrovanadiutn.—(a) Dissolve 1 to 2 g. of 
the sample in 40 ml. of the HN0 3 -H.jS 0 4 mixture in a 250-ml. porcelain or plati- 
num dish, and evaporate the solution to dense while fumes. 

(6) Cool the solution, add 125 ml. of water, and heat for a few minutes, while 
stirring frequently, until all salts arc dissolved. Immediately filter on a 9-cm. paper. 
Wash Vne precipitate with hot HCi and cold water alternately to complete 

the removal of iron sails, and finally wash with hot water until free of acid. 

(c) Transfer the filter paper and contents to a platinum crucible, char the paper 
without flaming, and finally ignite the covered crucible over a blast lamp or in a 
muflle furnace at 1100° to 1150*C. to constant weight. Cool in a desiccator and 
weigh. 

(d) Add sufficient H.,S0 4 (1 : 1) to moisten the SiCX, and then a small amount of 
HF. Evaporate to dryness, ignite at 1000°C., and weigh. The loss in weight repre- 
sents Si0 2 , 

(e) Calculation.— Calculate the percentage of silicon as follows: 


lion to dryness, fuse with Na u C0 3 , and add the water extract of the melt to the main 
solution. 

31 If desired, the washings may be kept separate and examined for BaSCL as follows: 
evaporate the washings to dryness; dissolve the slight tesidue in 50 ml. of hot HCl (2:98); 
add 2 ml. of BaCL (100 g. per 1.); and digest at 70° to 80 e C. for 2 hr., avoiding any un- 
due evaporation; filter on a small close-texture paper; wash 3 times with cold HCl (1:99), 
and 10 times with warm water. The iccovery of BaSOj that is ordinarily obtained repre- 
sents approximately 0.001 to 0.002% of sulfur. 
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Silicon, per cent 


.•1 X 0.4672 v 


li 


X 100 


-> HiehSiliam Fcrrmmi<ulhan.-(,i) Krrovauadium containing 1% or mot 
silicon is noc completely soluble in UNO, and H.SO,. In dm rare. di»rou R hly 


lpletely 


where A — grams of SiO;, and 

B - grams of sample used. 

or more of 
mix 

!T of the sample with' 8 g. of dry and fuse in a IHI-ml. iron uuublc. After 

the contents of the crucible have melted, continue heating for 5 nun. longer at a 
dull red heat to ensure complete decomposition of the sample. Allow the fusion 
to solidify, but before it has entirely cooled, tap the covered crucible on an non 
plate, which will loosen the contents in a solid cake. 1 r.iusfer the melt to a diy 
250-ml. porcelain casserole, and add immediately, with caution, 80 ml. of HAD, 
(1:1). Rinse the crucible with warm water, and cautiously add the solution to the 
covered casserole. Remove the cover and rinse it with water and then evaporate 
to dense white fumes. 

(b) Complete the determination in accordance with Paragraphs (/>} to (c) above. 

ALUMINUM BY THE CUBFERRON'-IMIOSIM l ATE METHOD 

Reagents, (a) Potassium Permanganate Solution (25 g. per liter). 

(b) Cupferron Solution (60 g. per liter).— Dissolve 6 g. of ctipfeiton in 80 ml. 
of cold water, dilute to 100 ml., and filler. Prepare fresh as needed. 

(c) Cupferron Wash Solution.— Dilute 20 ml. of cupferion solution (60 g. per 
liter) to 1 liter with cold FLSO, (1:0). 

(d) Perchloric Acid (7096). 

(e) Bromcresol Purple Indicator Solution (0.1 g. per liter). -Dissolve 0.1 g. of 
bromcresol purple in 1.85 ml. of 0.1000 A r NaOH solution and dilute with water to 
250 ml. 

(f) Ammonium Acetate Solution (200 g. per liter). 

(g) Methyl Red Indicator Solution (0.4 g. per litcr).-Dissolve 0.1 g. of methyl red 
in 3.72 ml. of 0.1000 A' NaOII solution and dilute to 250 tub with water. Filter 
if necessary. 

Procedure.— (a) Decompose 1 g. of the sample with 60 mb of lUSO, (1:2) and 
10 ml. of HNO.,. If an insoluble residue remains, add 2 to 3 ml. of IIP. after tiaus- 
ferring to platinum. Heat to dense white fumes, tool somewhat, add water, and 
heat until salts are dissolved. Add KMnO, (25 g. per liter) to the hot solution, 
until a pink color persists. Dilute to 100 ml. and cool to 5 U to I0°C. in ice water. 
Add a large amount of ashless paper pulp, and precipitate the itoit and vanadium 
by adding cupferron (GO g. per liter) until an excess of reagent is shown bv the 
appearance of a white curdy precipitate instead of the brown one fust fanned 
Sur vigorously for 2 to 3 min., and filter on 2 superimposed I ban., medium-texture 
filter papers (containing some ashless paper pulp) supported on a Buchner funnel 
using moderate suction. Wash thoroughly with cupferron wash solution. 

(b) In the analysis of alloys of high aluminum content, or for very accurate work 
return the cupferron precipitate to the original beaker and add !() ml of H SO ‘ 
50 ml. of HNO and 5 ml. of HCIO, (70%). Evaporate slowly to da J £ bo 
fumes to completely destroy all organic matter. Add more HNO.. if necesy.rv 
repeat the evaporation to dense white fumes. Cool, add 100 ml of ‘ 

diges, until all salts are in solution. Cool to 5- to lire., add an t£. of K m'o 
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(25 g. per liter), and repeat the precipitation with cupferron, the fiiiration, and the 
washing. 

(c) To the filtrate, or filtrates and washings, add 75 nil. of IlNO a and 10 ml of 
HC10 4 (70%). Evaporate until fumes of HCI0 4 appear or until all organic matter 
is destroyed. The HNO, must always be added before evaporation to fumes of 
HCI0 4 , as specified. Dilute the cold solution to 100 ml., add 10 g. of NII 4 C1 and a 
few drops of bromcrcsol purple indicator, and add NII 4 OH (1:1) until the solu- 
tion just turns purple. Boil the solution for 1 min. Allow the precipitate to 
settle, filter, and wash with warm NII 4 Cl (20 g. per liter). 

(d) Dissolve the precipitate in 50 ml. of hot HCI (1:3) and wash the paper well 
with hot water. Repeat the precipitation with NH 4 OH (1:1) and filter as de- 
scribed in Paragraph (c). Dissolve the precipitate oil the paper with 50 ml. of 
hot HC1 (1 :3), and wash the filter with hot water. 

(<?) To the filtrate add 0.5 g. of (NH^HPO.,, a little ashless paper pulp and 
2 drops of methyl red indicator, jihI make just ammoniacal. Restore the pink 
color by adding HCI (1:10) drop by drop. Heat the solution to boiling, and add 
20 ml. of ammonium acetate (200 g. per liter). Continue the boiling for 5 min-, 
let settle (l to 2 hr. if the amount of aluminum is very small), and filter through 
a 9-cm. paper Wash with hot NH 4 N0 3 (50 g. per liter) until 5 ml. of die wash- 
ings no longer give a lest for chlorides with an acidified solution of AgNO r 

{/) Ignite in platinum or porcelain under good oxidizing conditions until car- 
bon is gone. Cover, and heat at about 1000“C. to constant weight. Weigh as 
A1P0 4 . 

(g) Blank.— Make a blank determination, following die same procedure and 
using the same amounts of all reagents. 

(h) Calculation.— Calculate the percentage of aluminum as follows: 

, , . (A - B) X 0.221 

Aluminum, per cent = — X 100 

where A — grams of AIPO4, 

B — correction for blank, in grams, and 
C = grams of sample used. 

FERROTUNGSTEN AND TUNGSTEN METAL 

TUNGSTEN BY THE ACID DIGESTION-CINCHONINE METHOD 

Reagents, (a) Cinchonine Solution (125 g. per liter).— Dissolve 125 g. of cin- 
chonine in 1 liter of HCI (1:1), and filter. 

(b) Alpha -Benzoinoxime, Acetone Solution (50 g. per liter).— Dissolve 5 g- of 
alpha-benzoinoxime in 95 ml. of acetone and 5 ml. of cold water. Filter if necessary. 
Keep in a dark-colored bottle in a cool place, and do not use when more titan 
5 days old. 

(c) Cinchonine-Benzoinoxime Wash Solution.— Dilute a mixture of 30 ml. of 
cinchonine solution (Paragraph (a)) and 5 ml. of alpha-benzoinoxime solution 
(Paragraph (5)) to 1 liter widi water. 

Procedure.-~(a ) Transfer I g. of die sample to a 60-ml. covered platinum crucible, 
or preferably a large dish, add 5 ml. of HF, and then add HNO a drop by drop, 
while heating, until the sample is dissolved. Remove die cover and rinse it with 
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water. Add 15 ml. of HoSO., (1:1). and heat cautiously on a sand bath to dense 

white fumes. , . . 

( b ) Allow to cool, and transfer the residue to a GOO-ml. beaker with water, him * 

wipe the dish with a piece of ashless filter paper and add the paper to the solution. 
Rinse the crucible or dish with a little warm Nil, OH (1:1). some water. - and ‘ben 
a few milliliters of hot HCi (1:1). Repeat the treatment with Nil ,OH (1.1). 
water and HCI (1:1), and add the rinsings to the (i()0-ml. beaker. Dilute the ion- 
tents of the beaker to about 150 ml. with water, add 10 ml. of HU. and boil foi 
5 min. Remove from the source of heat and dilute to 150 ml. with watci. Add 
10 ml. of cinchonine solution and some ashless paper pulp, and, while still inn 
occasionally, digest the solution at 10“ to I .VC. for .10 to 15 min., or piefctabiv 
,’ernight. Add 5 ml. of the acetone solution of alpha-bcn/oinosime (.10 g. pm 


ov 


liter), stir vigorously for several minutes, and Idler on an 11-cui. papet containing 
a little ashless paper pulp. Wash thoroughly with told ciuchouiueben/oinoximr 
wash solution, and finally several times with cold MCI (1:00). 

(c) Gently ignite the paper and residue in a weighed platinum titicible until 
the carbon is consumed. Add a few drops of UNO,, and dry on a water or sand 
bath. Ignite the crucible and W0 3 for 30 min. at about 750 C. (to constant 
weight), cool, and weigh. Ignitions should he made at about 75<HC, in an electric 
nut file furnace. As W() 3 is slowly but steadily volatilized at tempetatutes mm It 
above 750°C., serious error may result if this temperature is not sturdy adhered 
to as a maximum. 

(d) Add about 5 g. of NaXO ;i to the residue and mix thoroughly. Cover with 
an additional 1 or 2 g. of Na._,C0 3 and fuse, running the fusion around the sides 
of the crucible or dish to remove all WO.,. Dissolve the fusion in hot water, add 
a little alcohol, heat, and filter. Thoroughly wash the crucible and tvoduc with 
hot water, and reserve the filtrate. 

(e) Place the residue and paper in the crucible and ignite; add a little Na,.CO, 
and fuse again. Dissolve the fusion in water, add a little alcohol, and filler and 
wash thoroughly with hot water to remove the last traces of SaXO.,. Combine 
the filtrate with the filtrate obtained as described in Paragraph *(</) and rc*me 
the combined filtrates. 3 - 

(/) Transfer the residue and paper to a weighed platinum crucible, and ignite. 
Add 1 or 2 chops of ITSO, and 0.:> ml. of HI’, evaporate to dryness, and ignite 
again. Cool and weigh. 

(g) Determine the amount of insoluble residue in die same weight of Nn.,C)0, 

as was used with the sample (Paragraphs (</) and (<■)), following the same' pro- 
cedure. 1 

(h) Calculation.— Calculate the percentage of tungsten as follows: 33 

32 If the alloy contains molybdenum, the weighed tungstic oxide mav contain few 

. « extreme acc.acy is deshed, the 


RcIAc,,* shoukl be Phutomcri^lly.' 

metric method described in Chapter 2-1 "Standard Metlmrl • " r rn ^bdcnuiu by tire photo* 
Cast Iron, Open-Hearth Iron, and W^ ° l Chc,HM:al *"*')»* * -Steel. 

33 At best, direct determinations of um<>sten in hi„l, , 

herein errors. Accuracy within 0.2% is all that can beHxpecied by a^mcnST* l ° 
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Tungsten, per cent 


[A - (B ~ C)] X 0.793 
D 


X 100 


where A = grams ofimpurc WOj (Paragraph (c)), 

B — grains ofinsoluble residue from fusion with NajCOj (Paragraph (/)), 

C =* correction, in grams, for insoluble residue in NajCOj (Paragraph (5)), and 
D = grams of sample used. 

TOTAL CARBON BY THE DIRECT-COMBUSTION METHOD 

Procedure.— Determine carbon by the direct-combustion method (p. 765), with the 
following modification: use 1.5 to 2 g. of the sample. 

MANGANESE BY THE PERSULFATE-ARSEN 1TE METHOD 

Apparatus. Apparatus for Potcntiometric Titration. 

Reagents, (a) Phosphoric Acid (85%). 

(b) Sihcr Nitrate Solution (8 g. per liter). 

(c) Ammonium Persulfate Solution (250 g. per liter). 

(d) Mixed Acids.— Add 100 ml. of HnS0 4 to 525 ml. of water slowly and with 
stirring, cool, and add 125 ml. of H 3 P(> 4 (85%) and 250 ml. of HNO a . 

(e) Standard Potassium Permanganate Solution (0.03 iV). 

(f) Sulfurous Acid (6%). 

(g) Standard Sodium Arscnite Solution (1 ml. = 0.0002 g. Mil).— Standardize as 
follows: dissolve 1 g. of electrolytic or open-hearth iron of a known, low manga- 
nese content 34 in 30 ml. of the acid mixture; heat until solution is complete, and 
boil to expel brown fumes; dilute to 100 ml. with hot water; add 20 ml. of 0.03 .V 
KMn0 4 ; and then add just enough H.^SOa (6%) to reduce the KMn0 4 ; boil again to 
expel brown fumes; add 10 ml. of AgNOj (8 g. per liter) and 15 ml. of (NH^SoO,, 
(250 g. per liter); heat to boiling, boil briskly for 1 min., and cool to 15* to 20 B C. 
Complete the standardization in accordance with the procedure described in Para- 
graphs ( b ) and (d) or (6) and (e) below. 

Procedure.— (a) Transfer 1 g. of the sample to a 100-mi. platinum dish provided 
with a platinum cover. Add 5 ml. of HF, and then add HNO a drop by drop until 
the alloy is dissolved. Rcmo\e the cover and rinse with a little water. Add 5 ml. 
of H.,S0 4 and evaporate to dense white fumes. Cool, and add 50 ml. of water. 
Heat at 80° to 90°C. for 15 min., while stirring occasionally, and filter into a 
300-ml. Erlenmeyer flask. Wash the filter and tungstic acid well with H._,S0 4 (1:99). 
The total volume should be approximately 125 ml. 

(6) Add 3 ml. of H 3 P0 4 (85%), 10 ml. of AgNO a (8 g. per liter), and 15 ml. 
of (NH 4 ) 2 S,Og (250 g. per liter). Heat to boiling, and boil briskly for 1 min. 
Cool to 15° to 20°C., and dilute to 300 ml. with cold water. 

(c) Titrate the solution in accordance with Paragraph (d) or (e). 

(d) Visual Titration.— Titrate rapidly with sodium arsenite (I m. — 0.0002 g. 
Mil) to a clear yellow end point that does not change upon the addition of more 
arsenite. If the solution is not titrated rapidly with arsenite, part of the manga- 
nese may be reoxidized by the (NH 4 ) 2 S.,0 8 during the titration and thus yield 
high results. 

(e) Potentiometric Titration.— Titrate rapidly with sodium arsenite (1 ml. = 
0.0002 g. Mn). To titrate, bring the needle (or light-beam) on the scale, and then 

34 National Bureau o£ Standards standard sample No. 55 of ingot iion is satisfactory for 
this purpose. 
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•ulcl the sodium arsenite solution. As the end point is approached (rapid fading 
of he pink color) the indicator will remain stationary, or move very slouh Lou- 
Unue theatldUiott of the arsenite drop by drop until a sharp break of four to Inc 

scale divisions is obtained. , ,, . .......... 

(f) Calculation.— Calculate the percentage* of manganese as folio . 

Manganese, per cent — ~r r X 100 


where A — milliliters of sodium arsenite solution required to titrate the sample, 

B = manganese equivalent of the sodium arsenite solution, in grams per uulhhter 

and 

C — grams of sample used. 


PHOSPHORUS 


\\\ 'pH E T A R' Y R . Y l ' E- M AG N ES l A- A L I\ A U M FT R 1 C 
METHOD 


Apparatus, (a) Platinum Dish.-A flat-bottom dish shall be Used, having the 
following dimensions; 8 cm. in diameter at the top, 7.8 cm. in diameter at the 
bottom, and 1 cm. in height. 'The dish, having a capacity of 175 ml. and weigh- 
ing 58 to <50 g., shall have a wire rim at the top to provide additional stillness. 
The cover shall be “dished" like a crucible cover to lit the top of the dish closely. 
The dish shall have a small lip to aid in pouring, and the tongue of tin.* cover 
shall overlap the lip. Ordinary round-bottom dishes may he used, hut in stub 
cases the manipulation is much more difficult. 

(b) Shaking Machine.— Any efficient shaking machine may he used. 

Reagents, (a) Potassium Permanganate Solution (25 g. per liter). 

(b) Ammonium Molybdate Solution (Acidic).— .Volution AM. /.—Mix thoroughly 
100 g. of molybdic acid (S5% MoO.,) and 210 ml. of water. Add I it) ml. of 
NH.,OH, while stirring vigorously. When solution is complete, filler, ami add 
CO ml. of HNO.,. 

Solution No. 2.— Mix -100 ml. of HNO a and !)li() ml. of water. 

When the solutions are cool, add Solution No. 1 to Solution No. 2. while 
stirring constantly. Add 0.1 g. of (NH^.JIPO,, and alluw the solution to stand 
at least 2*1 hr. before using. Use only the dear supernatant solution. 

Procedure.— (a) Transfer 2 g. of the sample to a Hat-bottom platinum dish 34 
fitted with a platinum cover, and add 15 ml. ol H NO.,; then add 5 ml. of HP 
and warm gently. 3 " When action subsides, add 8 ml. more of HR Alter at lion 
subsides, boil, remove the cover, and if decomposition is not complete, add more 
HF and boil again. When solution is complete, wash off the cover and evaporate 
at a low heat to a volume of about 10 ml. Add 10 to 12 drops of KMnO, (25 g. 


33 When ordinary round-bottom dishes are used, tlieic* is a gi cater tendency to .-antici- 
mg and danger of local baking or overheating, in evaporating to dense white fumes. If 
the separated MO;( is ovci heated locally, it does not dissolve teadilv in XtliOtl, in 11 n. 

bottom tliShCS ' tlK U ° :i ' S s l ,reiul in ,hin la )er heat is applied evcith over the 

3 "for the initial treatment the HNO a is added before* the HR ami in larger 
t.ons, in order to provide a constant excess of HNO a to oxidi/e phosphorus. The no- 
HVn C P 1 ' 011 t; jkcs a little longer than when the sample is ueated with Hi- r„ 4l l ., lul 
HNO ;i is added a little at a tunc, but the solution is finally complete U is neresvirv 
to keep the platinum dish covered after action begins, as the reaction is somewhat violent 
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per liter), 37 and continue the evaporation until crusts of W0 3 begin to form at 
the edges, dial is, to a volume of about 6 ml. Add 10 ml. of H.,S0 4 , and evap- 
orate at a low heat to dense white fumes. (Strotig heat causes spattering and also 
causes hard, over-baked crusts, which resist subsequent treatment, to form on the 
bottom of the dish. 

(6) Cool, add 25 ml. of water, and boil (by agitating over a Bunsen flame) until 
all soluble salts have dissolved. Discharge the pink color, due to excess KMn0 4 , 
by adding H 2 SO., drop by drop. The pink color may not be very evident, but 
the H.,SO a shall be added, even so, to reduce higher oxides of manganese. Boil 
for a minute or two after adding the H 2 SO r Add 2 g. of tartaric acid 38 and, 
when this is dissolved and the solution is cooled to a temperature of about 50°C., 
add 40 ml. of NH 4 OH (LI)- The precipitated tungstic acid should dissolve com- 
pletely, giving a clear solution. 

(c) The solution becomes hot from the reaction between H 2 S0 4 and NH 4 OH. 
While it is still hot, add 4 g. of MgS0 4 -7H.,0 dissolved in 10 ml. of water, and 
transfer it from the platinum dish to a 6-oz. glass-stoppered bottle. Set the bottle 
in ice water, and when it is thoroughly cooled, add 1 or 5 glass beads about 6 
mm. in diameter. Stopper it lightly, and shake in a shaking machine for at least 
10 min. The agitation should be violent. The beads aid in starting the forma- 
tion of the magnesium precipitate. After agitation, add 15 ml. of NH 4 OH, re- 
turn die bottle to the ice-water tank, and put into a refrigerator overnight. Phos- 
phorus separates as magnesium-ammonium phosphate, free from tungsten, but pos- 
sibly containing basic magnesium compounds. Filter through a 9-cm. paper con- 
taining a little ash less paper pulp, and wash the bottle and paper thoroughly with 
small portions of NH 4 OH (1:20). Do not attempt to remove all the piecipitate 
from the bottle, but remove the beads to the filter. The precipitate consists of 
magnesiumammonium phosphate and arsenate, together with silica and other im- 
purities. Tin, tungsten, molybdenum, vanadium, and titanium remain in solution 
and are thus eliminated. 

(d) Dissolve the magnesium precipitate with -10 ml. of HN0 3 (1:5) and collect 
the filtrate in a 300-ml. Erlenmeyer flask. Wash with hot water. Add 5 g. of 
NH 4 N0 3 to the filtrate, cool to 25*C., and add CO ml. of ammonium molybdate 
solution. Shake, filter, and complete the determination in accordance with Para- 
graphs ( d ) to (g) of the perchloric acid-alkalimctric method for phosphorus, p. 766 
above. 

SULFUR BY THE NITRIC-HYDROFLUORIC ACID-GRAVIMETRIC 
METHOD 

Reagents, (a) Perchloric Acid (70%). 

(b) Cinchonine Solution (125 g. per liter).— Dissolve 125 g. of cinchonine in I 
liter of HC1 (1:1), and filter. 

37 Potassium permanganate solution is added to ensure complete oxidation of phos- 
phorus, as in steel anal) sis. The color of the permanganate gradually fades in the HF- 
HNO3 solution, but after evaporating to fumes and adding water, the solution is usually 
slightly pink. 

as The amount of taitatic acid is limited to 2 g., since ammonium tartrate retards the 
formation of the magnesia precipitate. Complete precipitation can be obtained, only by 
brisk agitation and by keeping the solution very cold, followed by long standing in a 
cold place. 
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a free flame or in a muffle furnace. The fusion is best made over a gas flame at a 
low temperature until the mass has melted down quietly, when the temperature 
shall be increased to approximately 000*C. for about 3 min. Give the crucible a 
rotary motion to stir up any unattacked particles of alloy adhering to the bottom 
or sides. ' 

(£>) When the crucible has partly cooled, and with the cover on tight, tap it 
several times on an iron plate to loosen the fusion in a solid cake. Transfer the 
cake to a dry 300-ml. porcelain rassciolc of good glaze, or preferably a large plati- 
num dish. Cover, and add 80 ml. of H._,S0 4 (1:1). 5 ml. of H 3 P0 4 (85%), 3a and 10 
ml. of H00 4 (70%). Rinse the crucibfe with a little hot water, and add the rins- 
ings to the casserole. Stir the solution well, and boil gently until the temperature 
increases to 195*C. Continue the heating at this temperature for 5 min. A 
thermometer may be suspended just below the surface of the liquid in the lip of 
the platinum dish or casserole. At the temperature specified, fumes of HC10 4 will 
be freely evolved. 

(c) Allow the mass to cool somewhat, and add 200 ml. of warm tartaric acid (80 
g. per liter). Heat at a temperature of 60” to 70 e C.. while stirring occasionally, 
until all ferric sulfate has dissolved. Filter, using moderate suction, on an 11-cm. 
paper containing some ashless paper pulp, and wash thoroughly with tartaric acid 
(50 g. per liter). 

(rf) Ignite in platinum, first at n low temperature and finally at 1100* to U50*C. 
for 30 min. Cool m a desiccator and weigh. 

(e) Add several drops of H..,S0 4 and 1 or 2 ml. of HF, and heat until white fumes 
are no longer evolved. Ignite at 800*C. for 10 min., cool, and weigh. The loss tit 
weight represents SiO a . 

(e) Blank.— Make a blank determination, using the same apparatus and procedure 
and the same amounts of all reagents. 

(f) Calculation.— Calculate the percentage of silicon as follows: 


Silicon, per cent 


(A - B) X 0.4672 
C 


X 100 


where A — grams of SiOj, 

B = correction for blank, in grains, and 
C — grams oi sample used. 


THE SODIUM HYDROXIDE TITRATION ( VOLUMETRIC ) METHOD 
Reagents, (a) Nitric Acid Solution of Potassium Nitrate (Saturated).— Saturate 

HN0 3 with KNOg, at 20 8 C. 

(b) Aqueous Solution of Potassium Nitrate (Saturated).— Saturate water with 
KN0 3 , at 20*C. 

(c) Phenolphthaleln Indicator Solution (10 g. per liter). 

(d) Standard Sodium Hydroxide Solution (0.10 iV). 

Procedure.— (a) Transfer I g. of the sample to a 300-ml. platinum dish; add 30 ml. 
of HN0 3 saturated with KNO a and 5 ml. of HF. Heat gently until* dissolution is 
complete and fumes have ceased to evolve. Remove from the heat and cool the dish 
and contents to 15° to 20°C. in ice water. 

( 6 ) Prepare a filter using an 11-cm., ashless, rapid paper, reinforced with a 5.5- 

39 The fuuction of the H 3 PO 4 is to hold most of the tungsten in solution, and thin 
to effect as sepaiation from the silica, ruining with HCI0 4 , as specified, will break up 
am soluble siheouhosuhat misstate. 
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(c) Cool, and transfer to the 500-ml. distillation flask (Fig. 25-2). Add 200 ml. of 
HC1, 20 g. of FeS0 4 , 10 ml. of HBr (18%), and several pea-size pieces of coke, and 
connect the stopper carrying the trap and delivery tube shown. 41 The outlet of 
the delivery tube should dip about 1 in. below the surface of 200 ml. of cold water 

contained in an 800 ml. beaker. Heat 



the solution in the 500-ml. flask to boil- 
ing and continue to boil until approxi- 
mately 200 ml. have been distilled over 
(which generally coincides with the 
beginning of objectionable bumping). 
Remove' the distillate. 

(</) Ily the procedure described in 
Paragraphs (a) to (c), the arsenic is 
separated from any other elements 
likely to interfere with the method. To 
the distillate containing the arsenic in 
the form of arsenious chloride. AsC 1 3 . 
add a slight excess of NH 4 OH, using 
litmus paper as indicator, and keeping 
the solution cool. Add sufficient HCl 
(1:1) to render the solution slightly 
acid. Then add to the cold, slightly 
acid solution 15 g. of NaHC0 3 , 0.3 g. 
of KI, and several milliliters of starch 
solution (10 g. per liter) and titrate 
with 0.03 iV iodine to the appearance 
of the blue color. If desired, 0.03 N 
K10 3 may be used for the titration in 
place of the 0.03 N iodine solution, 
adding 2 to 3 g. of KI instead of 0.3 g. 


before the titration. 

(e) Blank.— Make a blank determination, following the same procedure and 
using the same amounts of all reagents. 

(f) Calculation.— Calculate the percentage of arsenic as follows: 


Arsenic, per cent 


{A - B)C X 0.0375 
D 


X 100 


where A — milliliters of iodine solution required for titration of the sample, 
B = milliliters of iodine solution required for titration of the blank, 

C = normality of the iodine solution, and 
D = grams of sample used. 


COPPER 

Reagents, (a) Tartaiic Acid Wash Solution.— Dissolve 10 g. of tartaric acid in 
I liter of H 2 S0 4 (1:99) and saturate with HUS. 

(b) Potassium Hydroxide-Potassium Sulfide Solution.— Saturate 250 ml. of KOH 
(100 g. per liter) with H 2 $ and then add 750 mi. of KOH (100 g. per liter). 

44 Any rubber connections in the apparatus used should be made from "sulfur-free" 
rubber as sulfur would be extracted from ordinary rubber and would pass into the dis- 
tillate as H 2 S, which would react with the iodine and cause high results. 
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(c) Potassium Hyilroxule-Potassium Sulfide Wash Solution.— Dilute 100 ini. of 
KOH-KoS solution to 1 liter. 

(d) Acetic Acid (99.576). 

(e) Potassium Iodide Solution (500 g. per liter). 

(f) Standard Sodium Thiosulfate Solution (l ml. - 0.0005 g. Cu, approximately 
0.008 A').— Allow to stand several days before standardizing. lo stamiaidi/e, dis- 
solve 0.5 g. of copper in 10 ml. of UNO., and dilute to 500 ml. lake 55 mb of 
this solution, withdrawn by means of a calibrated pipet, and titrate as described 
in Paragraph (/i) below. 

(g) Starch Solution (10 g. per liter).— Make a paste of 1 g. of soluble (or arrow- 
root) starch in about 5 mi. of water and adtl to 100 mb of boiling water. Carol, 
add 5 g. of Kb and stir until the KI is dissolved. Ptepare fresh as needed. 

Procedure.— (a) Transfer 5 g. of the sample to a 300-mh platinum dish provided 
with a platinum cover, and add 50 mb of HNO ;i . Add 11 1'. a little at a time, with 
occasional heating, until the alloy is dissolved. Rinse the cover with water, and 
evaporate to approximately 25 ml. Arid 55 mb of ILSO t , and continue the evapo- 
ration to dense white fumes. Cool, and transfer to a (iUO-mb beaker. Rinse the 
dish successively with hot XH s OH (1:1), 5 mb of hot water, 5 mb of hot H r SO t 
(1;1), and finally with 10 ml. of hot water. Dilute with water to 500 mb, add 20 g. 
of tartaric acid and an excess (about 10 mb) of ,\’ff,OH, and heal just short of 
boiling for several minutes. Add an excess of 2 ml. of H..SO, (1:1) for each 100 ml. 
of solution, and pass a brisk stream of IDS into the solution for at least 50 min. 
Filter on an 11-cin, paper containing a little ashless paper pulp, and wash thor- 
oughly with tartaric acid wash solution. 

(h) Return the paper and sulfides to the beaker in which the precipitation was 
made, and add 50 mb of KOH-K..S solution. Add 1 g. of Xa.XL, and gradualiv 
heat to boiling over a period of 5 min., while stirring occasionally. Dilute with 
an equal volume of water, filter into a -lOO-ml. beaker, and wash with KOH-K..S 
wash solution. Reserve the filtrate lor the deteimiuation of tin and antimony 
(described below, on pp. 8(H) and 802). 

(c) Wash the CuS precipitate 12 to 15 times with IDS wash solution and ignite 
in porcelain at a low temperature (520 9 to 550 S C„ preferably in a inutile furnace) 
until all carbon is destroyed. Cool and transfer the contents of the ctucible to a 
300-nib Erlenmeyer flask. Add 5 to 6 mb of HNO ;i (1:1) to the ctucible, warm 
gently, and pour upon the residue in the flask. Rime the ctucible with a little 
water, and warm the flask and contents until the copper oxide is dissolved. Care- 
fully evaporate the solution to a volume of 2 to 3 ml. in order to expel most of the 
free add. Then add NH,OH until the solution just reacts alkaline to litmus. 

(d) Complete the determination by the electrolytic method (Paragraphs (e) to M) 
or the iodide method (Paragraphs (/i) and (()). 


Electrolytic Method, (e) Irausfei the anunouiacul solution (Paragraph (c)) to a 
250-nil. beaker, neutralize with I-I a SO, (1:1), add an excess of 5 mb of H..SO (11) 
and then add -1 mb of HNO, (1:1). Dilute the solution to 200 mb Adjust the 
anode and weighed cathode, cover the beaker with split watch glasses nul elec 
u-olyze at a current density of 0.5 amp. per sq. dm. until the solution becomes 
colorless (about 2 hr.). Rinse the cover glasses and the exposed stems of the elec* 
trotles and sides of the beaker. Continue the electrolysis for 30 min and test for 
complete deposition (0.3 to 0.5 mb of the electrolyte should not give a brown color 
with 0.3 to 0.5 mb of freshly prepared IDS water). 
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(/) When deposition is complete, continue the current and lower the beaker while 
rinsing the cathode with water from a wash bottle. 43 When the cathode is free 
from electrolyte, turn olf the current and detach the cathode. Dip it in two suc- 
cessive baths of ethanol or methanol, shake off the excess, and dry in an oven at 
1I0*C. for 3 to 5 min. Cool in a desiccator, and weigh the deposit as metallic 
copper. 43 

(g) Calculation.— Calculate the percentage of copper as follows: 

Copper, per cent » ~ X 100 

where .1 ** grams of copper, and 
B = grams of sample used. 

Iodide Method.— (ft) Dilute the solution to -10 nil., add NH 4 OH in slight excess, 
and boil until the odor of ammonia is \cry faint. Add 1 ml. of acetic acid (99.5%) 
and continue boiling for 1 min. Cool to room temperature, and add 5 ml. of K1 
(300 g. per liter) and 2 ml. of starch solution (10 g. per liter). Titrate the liberated 
iodine with Na^S-jOg (1 ml. = 0.0005 g. Cu) to the disappearance of the blue color. 

(i) Calculation.-Calculatc the percentage of copper as follows: 

Copper, per cent = —• X 100 

where /I = milliliters of Na 2 Sj0 3 solution required for titration, 

B — copper equivalent of the Na 2 S 2 Oi solution, in grams per milliliter, and 
C = grams of sample used. 

TIN 

Apparatus. Apparatus for Reduction of Tin.— When tin is to be reduced to the 
stannous state and determined by titration with standard iodine or iodatc solu- 
tion, air must be excluded during the reduction and titration to prevent oxidation 
ol die stannous tin. Tills is usually accomplished by keeping the solution under a 
blanket of gaseous CO.,. It may be accomplished in a variety of ways. One of the 
simplest methods is by means of the apparatus shown in Fig. 25-3 in which the 
reduction of the tin solution is made in a flask capped with a rubber stopper con- 
taining an L-shaped siphon tube. When reduction is complete, die end of the 
siphon shall be dipped into a saturated solution of NaHCO a and set aside to cool. 
When cool, the stopper is temoved and the solution titrated. 

Reagents, (a) Hydrogen Sulfide Wash Solution.— Saturate HCl (l :9D) with H 2 S. 

(b) Hydrogen Sulfide-Oxalic Acid Wash Solution.— Saturate H 2 S0 4 (1:199) with 
H 2 S and dissolve in the solution a few crystals of oxalic acid for each 100 ml. 

(c) Ferric Sulfate Solution (10 g. per liter). 

(d) Test Lead. 

(e) Starch Solution (10 g. per liter).— This solution shall be freshly prepared as 
needed. 

42 In work of high accuracy, iccover traces of copper in the electrolyte by the sulfide- 
colorimetric method. 

43 Deposits of copper may be removed as follows: immerse the cathode in HNO3 (1:1). 
rinse with watei; uoil with Ircsh HJ'JOj for 5 to 10 min.; and rinse with watei; ignite 
strongly for 10 to 25 min. ovei one or two large Meker burners. 
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(f) Standard Iodine Solution (I ml. - 0.002 B . Sn, approximately 0.03 M) 
standardize, dissolve 0.02 g. of tin in HCi, and then reduce the tut with lead and 
titrate with the iodine solution as described in the plot edit re below. For the small 
amounts of tin involved, the theoretical tin equivalent as based on standardization 
against arsenious oxide may be used. 

(e) Standard Potassium Iudatc Solution (1 ml. 0,002 g. Sn. approximately 
0 03 tY).-To standardize, dissolve 0.02 g. of tin in HCI. and then icducc the tin 
with lead and titrate with the Klt) ;i solution as described in the procedure below. 
For the small amounts of tin involved, 
the theoretical tin equivalent as based 
on stundaulizHtion against sodium oxa- 
late may be used. 

Procedure.— (a) Add HCI to the ni- 
trate reserved irom the dctcimination 
of copper until the solution is acid, and 
then add 1 ml. of HCI in excess per 
100 ml. of solution. Filter and wash 
with 11.25 wash solution. 

(b) Transfer the paper and sulfides 
to a -100-mt. beaker, treat with 10 ml. 



of HCI, and add KCl() ;t , a few crystals 
at a time, while warming the solution 
to 35 J to 10°C. Dilute to 200 ml. and 
boil gently to expel chlorine. Add 5 g. 
of oxalic acid, heat to 50“ to 70*C.. and 
pass in a rapid stream of 11,2) for 20 to 
30 min. Filter, and wash thoroughly 
with FL.S-oxalic acid wash solution. 

Reserve the filter paper and precipitate for the determination of antimony, 

(c) Add 5 ml. of IL-SO, to the filtrate, and evapoiate to dense white fumes. Cut) l 
somewhat, and dilute with 100 ml. of water. Add 50 ml. of Fe-fSO,)., (10 g. pet- 
liter) and heat to boiling. Stir vigorously and add XM,OU (1:1) until the solution 
is alkaline, and then add ;{ to 5 ml. in excess. Let settle, filter, ami wash with hot 
water. 

(d) Dissolve the precipitate in 80 ml. of hot HCI (1:1) and wash the filter with 
hot water, collecting the solution (not over 150 ml, in volume) in a 500-ml. Ellen- 
meyer flask. 

(e) Add 1 to 2 g. of test lead and close the flask with a one-hole rubber stopper- 

carrying a bent delivery tube (Fig. 25-3). Boil gently for 20 min. At the etui of 
this period immerse the end of the delivery tube in a small beaker containing about 
50 ml. of saturated NaHCO., solution. ’ 

(/) Remove the flask from the hot plate, keeping the delivery tube immersed in 
the NaHCO.j solution, and cool in a stream of cold water. When cool, remove 
the stopper, add 5 ml. of starch solution (10 g. per liter), and titrate with 0.03 V 


iodine to a permanent blue color. If desired. 0.03 *Y RIO., may be used for the 
titration m place of the 0.03 iV iodine solution, adding 2 to 3 «> ' 0 f KI ,j, 

titration. ,)Uo,L tlu - 

(g) Blank.— Make a blank determination, following the same procedure and usiim 
the same amounts of all reagents. . 
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(c) Ferric Phosphate Solution.— Dissolve 100 g, of Fe.j(SO,) ; , in 1 liter of water 
to which 150 ml. of H 3 l*O l (85%) and 20 ml. of H r SO, (1:1) have been added. 
Add KMu 0 4 (25 g. per liter) until the solution is just tinted pink, due to the ex- 
cess of KMnO,. 

(0 Standard Potassium Permanganate Solution (0.1 <Y). 

(g) Sodium Thiocyanate Solution (50 g. per liter). 

(h) Stannous Chloride Solution.— Transfer 850 g. of SnCL-iMlA) to a 5UU-ml, 
Erlemneyer flask, add 200 ml. of UCl (1:1). and boil gently until solution is prac- 
tically complete. Transfer the solution to a 1 -liter bottle, and dilute to 1 liter with 
freshly boiled water. Add a few pieces of metallic tin, and stopper. 

(i) Ferric Sulfate Solution. —Disseise HU g. of l ; e«(St),) ;i in I liter of ILSO, (1: l). 

(j) Standard Molybdenum Solution (1 ml. 0.0005 g. Mo). 

(k) Isopropyl Ether.— Shake isopiopyl ether in a separatory funnel with 1 00 ml. 
of ILSO., (l:‘J). 10 ml. of Fes, (NO,);; solution (Paragiaph (*)), It) Jid. of NaCNS (5U 
g. per liter), and 10 ml. oi SnCL solution (Pat.igraph (It)}. 

Procedure.— (a) Transfer 0.5 g. of the sample to a 150-mi. beaker, coscr. add In 
ml. of UNO-, (1:8), and warm to complete solution. If the sample dissolves with 
difficulty, add a drop or two of l IF. When reaction is complete, cautiously add 1U 
ml. of H..SO, (1:1) and evaporate to dense white fumes. Cool, add -111 ml. of water, 
and warm until all salts have dissolved. Rinse and remove the cover. Filter, and 
wash the paper ami residue 12 to 15 times with hot water, 8 to l times with hot 
Nil, OH (1:8), and finally 1 to 5 times with hot water, the washings being allowed 
to run into the main filtiate. Distant the residue. 

(b) Cool the nitrate, add N 1 1 ,011 until it is dilihult to avoid a red tint, and heal 
die slightly acid solution to boiling. Slowly pour the solution, while Stirling 
vigorously, into 75 ml, of nearly boiling .Nil, OH (1:5) in a bOU-ml. beaker. Rinse 
the beaker that held the (titrate with a little water and then with a little hot 
NH,OH (1:5). and add the rinsings to lire main solution. Add a little paper pulp, 
filter into a G00-inl. beaker, and wash the precipitate with hot water. Net the 
filtrate aside. 

(c) Dissolve the precipitate in a slight excess of hot U NO, (1:1), nearly neutralize 
with NH,OH, and pour into NH,OH (1:5) as before. Filter into the reset ved 
filtrate (Paragraph (It)). Dissolve the precipitate and repeat the operation. 

(d) Dissolve the precipitate* of Fe(OH) ; , in a slight excess of hot II, NO, (1:1), 
wash the filter with hot water, and reserve the filtrate for further treatment. 

(e) Add 8 g. of powdered lariraic acid to the combined atmnoniatal filtrates 
(Paragraph (c)), stir until dissolved, and saturate the solution with 11. „S. If a pie- 
cipitate appears, filter, and wash with (NH,)..S wash solution. Warm the filtrate, 
cover the beaker, and add H_.NO, (1:1) until the solution contains 10 ml. of ILSO, 
nr excess for each 100 ml. of solution. Heat the solution just to boiling and let 
stand at the side of a steam bath (about ■lC’C.) for 15 nriti.. until the precipitate 
lias settled. Filter, and wash thoroughly with tartaric acid wash solution. Reset ve 
the filtrate. 

(f) Transfer the paper and precipitate (MoS.,) to the original (tOO-ml. beaker 
(Paragraph (6)). Place a glass stirring rod in the beaker, cover, and add G ml. of 

~ and 10 ml. of PINO.,. Cautiously heat to dense white fumes. Let cool, 
add o ml. of PINO.,, again heat to dense white fumes, and repeat the treatment 
■until the yellow color due to organic matter has disappeared. Cool, rinse, and re- 
move the cover. Rinse the inside of the beaker, and add KMnO, (25 g. per liter) 
very cautiously until a permanent red tint is obtained. .Again evaporate to dense 
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white fumes. Cool, and add 75 ml. of water. Boil for a few minutes, add 2 g. of 
20-mesh zinc, and continue the boiling until any copper has been reduced to the 
metallic form. Filter through a 9-cm. paper and wash with hot water. Add a 
slight excess of KMn0 4 (25 g. per liter). 

(g) If the Jones reductor has been standing idle, pass 100 ml. of warm (10* to 
50 e C.) H.,S0 4 (5:95) through it and then a little cold water. Discard the wash solu- 
tion. Add 35 ml. of ferric phosphate solution to the receiver, and (hen enough 
water so that the tip of the reductor dips well beneath the surface or the solution 
when the receptacle is connected with the reductor. Draw the cool (about 20*C.) 
solution of molybdenum, which should he about 100 ml. in volume and contain 
about 5 ml. of fLSOj. through the teductor, while gently swirling the solution in 
the receiving flask. Just bcfoic the surface of the litjuivl reaches the zinc, add 50 
ml. of cold HmS 0 4 (5:95) and finally rinse twice more by adding 50 ml. of water 
each time just before the surface of the solution teaches the zinc. Close the stop- 
cock. while a portion of the last washing solution remains in the reductor funnel. 
Disconnect and raise the reductor as a little water is allowed to run through the 
stem and rinse the outside of the stem. Titrate the solution with 0.1 .Y K.Mn0 4 . 

(h) Blank.— Make a blank determination, following the procedure described in 
Paragraphs («) to (g). 

(») Boil down the filtrate reserved in accordance with Paragraph (e) to a volume 
of about 75 ml., and combine with the solution tesetved in accoidaute with Para- 
graph («/). Add 1 to 2 g. of (NH^L&jOfc. boil down to a volume of 100 ml., and 
cool to 15*C. Add sufficient H„S0 4 (1:1) to give a solution containing approxi- 
mately 10% ILSO.J by volume. The sodium-moI)bdcnuin thiocyanate amber to 
reddish brown color is best developed in a solution containing 10% H.jS 0 4 by 
volume. 

(/) Cool to 25 # C., and transfer to a 500-ml. separatory funnel. Add 10 ml. of 
NaCNS (50 g. per liter) and 10 ml. or SnCk, solution. Stopper and shake vigorously 
for several minutes. Add 50 nil. (or more if needed) of isopropyl ether, 44 and shake 
for 1 to 2 min. longer. Allow the extract to separate, draw olf the lower layer, and 
set it aside. Transfer the extract to a 150-ml. Ncssler, Julian, or similar colorimeter 
tube. Return the lower acid layer to the separatory funnel and shake again with 
approximately 25 ml. of ether. Should the upper layer have an amber to reddish 
brown color, add it to the solution in the colorimeter tube. 

(A) Prepare a color standard containing approximately the same concentration of 
molybdenum as the sample solution. Transfer 25 ml. of Fc^SO.,)., solution to a 
250-ml. separatory funnel containing 10 ml. of cold water, and add molybdenum 
solution (I ml. = 0.0005 g. Mo) from a buret. Cool the solution to about 25'C., 
and proceed as described in Paragraph (/). 

(/) Allow both the sample solution and the color standard to stand for several 
minutes before comparing. Dilute the darker of the two solutions with isopropyl 
ether, and mix thoroughly until the sample and the standard match exactly. The 
colorimetric determination is limited to solutions containing not more than 0.05 
mg. of molybdenum per milliliter. 

(m) Calculation.— Calculate the percentage of molybdenum as follows: 


Molybdenum per cent 


(U - B)C X 0.032] X D s 


44 Butyl acetate prcpaied in the same manner 
ether, but the- isopropyl ether is preferred. 


may be used instead of the isopropyl 



where .1 = milliliters of K.MnOt solution required for titration of die reduced molybde- 
num solution (Paragraph (i»))» 

B = milliliters of KMnO* solution required for titration of the blank (Paragraph 
'«))> 

C — normality of the KMnOt solution, 

D ~ grams of molybdenum determined culorimetricully (Paragraph (0)» :,11C 1 
li - grams of sample used. 


total carbon liv tiik direct-combustion method 

Proccdnrtf.— Determine cat bon by the direct-combustion methutl (p. 7<>5), with 
the following modifications: (/} use 1.5 to 2 g. of the sample; (2) it is advisable to 
use an accelerator such as 10-mesh ingot iron or red lead, 15 particularly with low* 
carbon alloys. If arteletatois aie added, a piopcr correction for tin: blank should 
he obtained; (.») use a furnace tempeiatme of I llltr* to I2U0'C\; and (/) because 
of the high sulfur maximum, special provision must be made for the temoval of 
oxides of sulfur in the exit gases. This can be done (I t by passing the gases through 
platinized silica gel heated to 5(H) C. ami then through a column of ironi/cd asbes- 
tos, or (2) by passing through a strong solution of chromic acid or KMnO, amt then 
through a desiccant such as anhydrous MgfClO,).,. 


SULFUR. BY TH E NI TRIC ACID GRAVIMETRIC ME THOD 

Reagents, (a) barium Chloride Solution (100 g. per liter). 

(b) Barium Chloride Wash Solution.— Dilute 111 ml. of BaCL (1(10 g. per liter) 
to 1 liter with 1 ICl (1 :‘i‘l). 

(c) u-Bcruoinoxiinc, Acetone Solution (50 g. per liter). 

(d) a-Ikm/oinoxime Wash Solution.— Dilute 5 ml. of the acetone solution of a* 
ben/oinoxime to 1 liter with told HO (l :!)!>). 

Proredurt*.~(u) Transfer 2 to 5 g. of the sample to a 500-mi. lavserole. and dissolve 
it in 50 to 75 ml. of UNO,. The reaction is likely to he* very rapid and the acid 
should be added cautiously to the covered casserole, preferably kept cooled by im- 
mersion in ice water. It may be found necessary to add the sample in small por- 
tions to die cooled acid. 

(b) Add 50 ml. of HCJ and l g. of N;mC() :i and evaporate to dryness on a sand or 
steam hath. Add 50 ml. more of HO. evaporate to dryness again, and bake for 
30 min. at lllLC. Add 25 to 50 ml. of HO artel, when solution is complete, dilute 
with water and filter to remove SiCT, 

(c) Evaporate the filtrate to 15 to 25 ml., to expel most of the free acid, and 
dilute to I0() ml. with warm water. Add a little paper pulp, filter, and wash, fust 
with HC1 (1 :!)<)). and then with water. 

(d) Dilute the filtrate to 200 ml., add 20 ml. of BaCL (100 g. per liter), and stir 
vigorously (or several minutes. Allow to stand overnight at room temperature and 
filter on a dose-texture paper. Wash the paper and BaSO, from 18 to 20 times 
with cold BaCL wash solution. 


o\v,^ C< - iC;i<l t0 f)c Usccl lur dr is purpose should first he heated in an atmosphere of 
hr* l* lU a " °i >cn I nmcl .nin dish, with frequent stilling, at 500 a to 550°C. for if, to iff 
0 , ’* U ^. n roo h“(l in a desiccator ami transferred to a tightly stoppered bottle, preferable 
he cm !, i a q lol, "d-g!ass stopper. When red lead is employed, the determination should 
lb™ etct promptly in order not to expose the red lead to the atmosphere auv lon-er 
necessary, as it readily absorbs CO-. from the air. ' ° 
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ring constantly. Add 0.1 g. of (NH 4 ) 2 HP0 4 , and allow the solution to stand at 
least 24 hr. before using. Use only the clear supernatant solution. 

(f) Potassium Nitrate Solution (10 g. per liter).— Dissolve 10 g. of KN0 3 in water 
and dilute to 1 liter. 

Procedure, (a) Transfer 0.5000 g. ol the sample (all of which shall pass a No. 100 
(149 -m) sieve) to a 100-nil. platinum dish, cover, and add 10 ml, of I-LSOj (1:1), 
5 ml. of HP, ami sufficient HNO., Ur op wise to effect dissolution. Remove, rinse 
the cover and sides of the dish, ami evaporate just to dryness on a sand bath. 

(b) Cool, add 50 ml. of II^SO^ (1:9), and stir well. Digest and transfer to a 
400-mi. beaker, rinsing the dish with 50 ml. of HC1 (1:1) and a little water. Add 
50 ml. of HCl (1:1), heat until salts are in solution, cool to 20*C., and add a little 
paper pulp followed by a slight excess of cold, freshly prepared cuplerron solution. 

(c) Stir well, then filter through a 12.3-ctn.. medium paper (to which a little paper 
pulp has been added) into an 800-ml. beaker, anti wash 18 to 20 limes with cold 
cupfcrron wash solution. Discard the precipitate. 

(d) To the filtrate add 25 ml. of HXOg and 10 ml. of HC10 ( (Caution) and 
evaporate to dense white fumes to ensure complete destruction of all organic matter. 
Cool, add 150 ml. of H g O, heat to boiling, am! filter through a 'J-cm„ medium 
paper into a 400-ml. beaker. Wash the paper 10 times with hot water. 

(e) Add 10 g. of NH 4 Cl. 5 drops of bromcrcsol purple, and NH 4 OII (1:1), until 
the color of the solution just changes to purple. Boil lor 1 min., allow the precipi- 
tate to settle, and filter on an ll-cm., medium paper to which a little paper pulp 
has been added. Wash 10 times with hot N 1 1 ,Cl wash solution. Wash the pre- 
cipitate and paper pulp back into the beaker, add 100 ml. of HCl (1:9) and 10 g. 
of NH 4 C1, heat to boiling, and repeat the precipitation with NH 4 OH, filtering on 
the same paper and washing as before. 

(/) Ignite the precipitate in a platinum crucible, first at a low temperature to 
burn oil the paper, and finally at 1150*C. to constant weight. Cover die crucible 
when removing from tire furnace, cool in a desiccator, and weigh as soon as pos- 
sible as A1 2 0 3 plus P 2 O v 

(g) Fuse the ignited precipitate with 5 g. ol NaXO a at for 3b min. Dis- 

solve the cold melt in 50 ml. of warm water and acidify with HN0 3 , adding 2 to 
3 ml. in excess. Transfer to a 250-ml. Erlcnmcycr flask and add 40 ml. of molyb- 
date solution. Complete the determination for phosphorus as described in Para- 
graphs (e) and (/) of the section on phosphorus by the perchloric add-alkalimetric 
method, above. Calculate any phosphorus found to IV.O- as follows: 

P X 2.295 = P 2 0* 

(h) Calculation.— Calculate the percentage of aluminum as follows: 


Aluminum, per cent = 

where A = grams of A1 2 0 3 plus P 2 Os, 

B = grams of P 2 O a , and 
C = grams of sample used. 


(A - B) X 0.5291 
C 


X 100 


SILICON BY THE SULFURIC ACID METHOD 
Principle of Method .— The sample is fused with Na 2 O a in an iron crucible, die 
melt transferred to *. t acidified with H 2 S0 4 . The solution is evapo- 
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(c) Ammonium Sulfule Wash Solution.— Dissolve 20 g. of NH 4 Cl and 10 g. of 
ammonia tartrate in 500 ml. of water. Add NH 4 OII in slight excess, dilute to 1 liter, 
and saturate with H«S. 

(d) Cupfcrron Solution (60 g. per liter). 

(c) Cupfcrron Wash Solution.— Dilute 20 ml. of cupfcrron solution (GO g. per liter) 
to 1 liter with cold H 2 S0 4 (1:9). 

(f) Ammonium Phosphate Solution (1G0 g. per liter).— Dissolve 160 g. of 
(NH 4 ),HP0 4 iii water and dilute to 1 liter. Filter before using. 

(g) Boric Acid Solution (‘10 g. lf 3 UO a{ per liter).— Dissolve -10 g. of II 3 B0 3 in water 
and dilute to I liter. 

(h) Ammonium Nitrate Solution (50 g. per liter).— Dissolve 50 g. of NH 4 N0 3 in 
water and dilute to 1 liter. 

(i) Standard Ferrous Ammonium Sulfate Solution (0.2 N ).— Dissolve 7.85 g. of 
Fe(NH 4 ) a (S0 4 ) 2 *6H 3 0 in 500 ml. of cold H»S0 4 (5:95). and dilute to 1 liter with 
H 2 S0 4 (5:95). Standardize using 10 ml. of 0.1 .V K 2 Cr 2 0 7 . 

Procedure.— (a) Transfer 0.5000 g. of the sample (all of which shall pass a No. 100 
(149 -m) sieve) to a platinum dish of 100-inl. capacity (or larger). Cover and add 
15 ml. of H 2 S0 4 (1:1). 5 ml. of HF (10 ml. if silicon is over 10%), and sufficient 
HNO a dropwisc, to effect dissolution. Remove, and rinse the cover and sides of the 
dish. Evaporate just to dryness on a sand bath and cool. Add 30 ml. of H^0 4 
(1 :■!), stir well, heat for a few minutes, and transfer to a 100-inl. beaker. Heat until 
all sulfates have dissolved, dilute to 200 ml., add 20 ml. of tartaric acid solution, and 
pass in a brisk stream ol II 2 S for at least 20 min. 

(6) If a precipitate forms, filter through a 9-cm., medium paper, containing paper 
pulp, into a GOU-inl. beaker. Wash about 20 times with H._>S wash solution. To the 
filtrate, or to the clear solution if filtration was unnecessary, add paper pulp and 
NH 4 OH in slight excess. Pass a brisk stream of HjjS through the solution for at least 
7 min., and filter, as soon as the precipitate settles, through an 1 1-cm., medium paper, 
containing paper pulp, into an 800-m). beaker. Wash the paper and precipitate 
about 20 times with (NH 4 ) 2 S wash solution. Reserve the paper and precipitate. 

(c) Boil the filtrate for about 10 min.: then add 25 ml. of H 2 S0 4 (1:1) and boil 
down to 150 ml. Cool to 15® to 20°C.; then add a little paper pulp and a slight 
excess of a cold, freshly prepared solution of cupfcrron. Stir well, and filter on two 
superimposed 1 1-cm., medium papers containing a little paper pulp, supported in a 
Buchner funnel, using moderate suction. Wash about 20 times with cold cupfcrron 
wash solution. 

(d) Ignite the paper and precipitate in a weighed platinum dish, first at a low 
temperature to burn off carbonaceous matter, ami finally at 1050® to 1100®C. for 20 
min. Cool and weigh as Ti0 2 plus Zr0 2 plus VmO.,. Fuse the oxides with about 
5 g. of K 2 S 2 0 7 , and dissolve the cold melt in 70 ml. of H 2 S0 4 (1:9). Add 5 ml. of 
H 2 0, and 25 ml. of filtered (NH 4 ) 2 HP0 4 solution, and allow to stand overnight at 
a temperature of 70®C„ stirring occasionally. 

(<?) Filter on an 1 1-cnt., medium paper, containing paper pulp, wash about 20 
times with HC1 (2:98) and finally about 5 times with NH 4 N0 3 solution. Ignite 
in platinum, first at a temperature not over 600®C. until the carbonaceous matter has 
burned off, and finally at 1050® to 1I00°C. to constant weight. Cool and weigh as 
ZrP 2 0 7 . Calculate to Zr0 2 as follows: 


ZrP 2 Or X 0.4647 = ZrOj 
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ring constantly. Add 0.1 g. of (NH^oIIPO^ ami allow the solution to stand at 
least 21 hr. before using. Use only the clear supernatant solution. 

(f) Potassium Nitrate Solution (10 g. per liter).— Dissolve 10 g. of KN0 3 in water 
and dilute to 1 liter. 

Procedure, (a) Transfer 0.5000 g. of the sample (all of which shall pass a No. 100 
(149-/t) sieve) to a 100-nil. platinum dish, cover, and add 10 ml. of H«S0 4 (1:1), 
5 ml. of HF, and sufficient HNO a dropwisc to effect dissolution. Remove, rinse 
the cover and sides of tile dish, and evaporate just to dryness on a sand hath. 

(b) Cool, add 50 ml, of HgSOj (1:9), and stir well. Digest and transfer to a 
‘100 ml. beaker, rinsing the dish with 50 ml. of HC1 (1:1) and a little water. Add 
50 ml. of HC1 (1:1), heat until salts are in solution, tool to 20*C., and add a little 
paper pulp followed by a slight excess of cold, freshly picparcd cupferron solution. 

(c) Stir well, then filter through a 12.5-cm., medium paper (to which a little paper 
pulp has been added) into an 800 ml. beaker, and wash 18 to 2U times with cold 
cupferron wash solution. Discard the precipitate. 

(d) To the filtrate add 25 ml. of HNO a and 10 ml. of HCIO, (Caution) ami 
evaporate to dense white fumes to ensure complete destruction of all organic matter. 
Cool, add 150 ml. of H 2 0, heat to boiling, and filter through a 0-cm., medium 
paper into a -lOO-ml. beaker. Wash the paper 10 times with hot water. 

(e) Add 10 g. of NH 4 CI, 5 chops of bromcrcsol purple, and NH 4 OH (1:1), until 
the color of the solution just changes to purple. Roil for 1 min., allow the precipi- 
tate to settle, and filter on an II -cm., medium paper to which a little paper pulp 
has been added. Wash 10 times with hot NlljCt wash solution. Wasli the pre- 
cipitate and paper pulp back into the beaker, add 100 ml. of HC1 (1:0) and 10 g. 
of NH 4 C1, heat to boiling, and repeat the precipitation with NH 4 OH, filtering on 
the same paper and washing as before. 

(/) Ignite the precipitate in a platinum crucible, first at a low temperature to 
burn off the paper, and finally at 1150'C. to constant weight. Cover the crucible 
when removing from the furnace, cool in a desiccator, and weigh as soon as pos- 
sible as Al a 0 3 plus P.»0-, 

(g) Fuse the ignited precipitate with 5 g. of NaXCY, at 1U)0°C. for 30 min. Dis- 
solve the cold melt in 50 ml. of warm water and acidify with HNO a , adding 2 to 
3 ml. in excess. Transfer to a 250-nil. Erlenmcycr flask and add -10 ml. of molyb- 
date solution. Complete the determination for phosphorus as described in Para- 
graphs (e) and (/) of the section on phosphorus by the perchloric acid-alkalimetric 
method, above. Calculate any phosphorus found to P..O- as follows: 

P X 2.295 *= P 2 Os 

(h) Calculation.— Calculate the percentage of aluminum as follows: 

. . . (.1 - B) X 0.5291 

Aluminum, per cent X 100 

where A = grams of AI2O3 plus P2O5, 

B — grains of P 2 O 6 , and 
C = grams of sample used. 

SILICON BY THE SULFURIC ACID METHOD 

Principle of Method.— The sample is fused with Na 2 0 2 in an iron crucible, the 
melt transferred to a casserole, and acidified with H 2 S0 4 ~ The solution is evapo- 
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ALLOYS: NONFERROUS 

By Dean I. Walter and Owen R. Gates 

with the Stjlf of tlic Analytical Chemistry Jtramh 
Naval Research Laboratory 
Washington. I). C. 


Scope.— The classification of alloys as either feiious or nonferrous is a simplifica- 
tion that originated iu days when technology was less complex, .and when most 
metals of construction were either iron-base or copper-base alloys. This major 
cleavage still identifies the fertous family rather satisfactorily, as it is restricted to 
one parent metal; as technology advances, however, it provides less and less indi- 
viduality for the scores of other alloy families that fall together under the ambig- 
uous, negative side of the classification. Rut, since the momentum of tradition is 
with this nomenclature, we must accept our heritage and attempt to define a mean- 
ingful area of analytical coverage consistent with the scope of this volume. 

The demands of modern technology are so diverse that every metal from lithium 
to uranium, almost without exception, lus been the subject of research for poten- 
tial usefulness, either as the pure metal or as the base of an alloy system. In the 
course of this continuing research and development, analytical methods develop- 
ment has kept pace. Some of it is highly specific and specialized within individual 
research organizations. Some is of great theoretical interest, but as yet, of limited 
applicability. Obviously, much of this fascinating work is beyond the practical 
limits of a work devoted to "Industrial Products.” 

The purpose of this chapter will be to present a series of analytical methods for 
families of alloys that the analytical chemist is most likely to encounter in general 
industrial work. This selection inlcudes forty-six methods and covers the following 
four major nonferrous categories: copper-base alloys; nickel-copper alloys; lead, tin. 
and antimony alloys; and zinc-base die-casting alloys. Alloy families that have been 
treated under individual elements in Vol. I are not duplicated, except where a 
particular method may be required to maintain the continuity of a sequence. 

Methods have been chosen with two general objectives in mind: (I) that die 
chemist consulting tin's work is interested in a standard or established method that 
will provide him with an accurate and defensible analysis; or (2) that he is inter- 
ested in a specification-type analysis, in which good data are requited with the 
greatest possible dispatch. In the methods for copper-base alloys, which doubtless 
will have the greatest applicability, two sets of methods are provided to meet these 
two objectives, and assistance in tire selection of the appropriate methods is pro- 
vided. 

Source of Material . — To enhance the confidence of the chemist in the reliability 
of tliese methods, the time-tested methods of the American Society for Testing and 
siq 
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Hydrochloric Acid.— It is customary to boil the protein with from 2.5 to 5000 
times its weight of 6 iV HC1 under reflux for 18 to 21 hours. When only small 
amounts of the pi olein arc to be hydrolyzed it is advisable to use G N HC1 equal 
to 1000 to 5000 times the weight of the protein. This large excess of hydrolyzing 
acid reduces aniino acid losses. 

For many purposes, especially for analysis by microbiological methods, 3 N HC1 
at 15 pounds pressure for 5 to 10 hours is also widely employed, but it is not as 
satisfactory as 6 A T 11C1 under reflux when crude proteins arc to be analyzed. 

It is well letognized that the talc of liberation of some amino adds from pep- 
tide linkage is faster than others; furthermore, it is known that the amount of 
destruction during hydiolysis increases with the length of heating. Thus, for the 
most accurate vvoik, it is advisable to hydrolyze samples of the protein for dif- 
fcicnt lengths of time, c.g., 20, -10, 80, and 120 hours, and to determine the 
amino arid composition of each hydrolyzate. Then if it is observed that one 
or more ammo acids (c.g.. cystine, methionine, serine, threonine) show a pro- 
gressive decrease, the true value may be assumed to be that found at zero time 
(torn a plot of the values obtained at dillcrcnt periods of hydrolysis. Likewise, 
if the the quantity of an amino acid (c.g., isoleucine, valine) gradually rises to a 
peak value, the assumed maximal value may he obtained graphically. These re- 
finements are only valuable when the methods employed have the highest accuracy, 
and must be applied empirically for each separate protein. When investigating 
highly purified proteins it is also advisable to redistill the MCI several times in 
glass. 

Chromatographic assay methods require complete hydrolysis to amino acids for 
obvious reasons. Complete hydrolysis is also necessary when microbiological assay 
methods are employed, because the growth response of many organisms is differ- 
ent (it may be greater or less) for the free amino acid than for the same amino 
acid in peptide linkage. 

A point too often forgotten in many laboratories is that destruction of amino 
acids can take place even after the hydrolysis is ended, especially when the hy- 
drolyzate contains lice acid and humin. It is advisable, thcrclore, to remove the 
excess HC1 as soon as possible after hydiolysis, filter olf the humin, decolorize 
with a small quantity of charcoal (Darco G-GU), if necessary, and after evaporation 
to dryness, dissolve the amino acid hydrochlorides in 10% vol./voh 2-propanol 
and store in the cold. 

Sulfuric Acid .— Although 8 iV HoS0 4 at atmosphciic pressure is usually em- 
ployed, other concentrations of acid and pressures may be used. 4 The advantage 
of H 2 S0 4 lies in the ease with which the excess acid can be removed with Ba(OH) 2 . 
The humin is also largely precipitated along witli the BaS0 4 . H.jS 0 4 is less ef- 
fective, at equal concentrations, than HC1. 

Nott.— Other methods of hydrolysis arc givcu in Block and Weiss (1936).* 

USE OF BASES 

Sodium hydroxide, 5 N, or 14% wt./vol. barium hydroxide under reflux for 18 to 
20 hours must be employed for liberating tryptophan from the protein. The ex- 
cess barium ions are removed by neutralizing the diluted hydrolyzate with gaseous 
or solid CO., (Dry Ice). 

4 Block, R. J„ in Alexander, P., and Block, R. J., Analytical Methods of Protein Chem- 
istry, Vol. 2, Pergamon Press. London, 1961, 
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USE OF ENZYMES 

Proteolytic enzymes are usually not practical lor the preparation of hycholy- 
zates for chromatographic methods and not advised for microbiological procedures 
because they contribute some amino acids to the final so uiion. 

However, if enzvmatic hydrolysis is desired (enzymatic hydrolysis is re« unvd fur 
the liberation of iodoamino acids iiom iodoprotems), it is advisable to fust dena- 
ture the protein by heat coagulation at pH 4 (dilute aiet.c and) and then to di- 
oest at 40°C. at pH 8.(5 in 0.01 M borate huflei for at least 2! hotns with one- 
tenth the weight of the protein of pancreatin powder (Viokase. Viobin Corpota- 
tion, Moniicello, III.); the enzyme is then inactivated by boiling' and removed by 
filtration. After cooling the solution, the resulting peptides ate hydrolyzed with 
an amount of erepsin etjual in weight to the paiure.itin. 

COMPLET ENESS OF HYDROLYSIS 
The liberation of carboxyl and amino groups from peptide linkage is the ob- 
ject of protein hydrolysis. Hydrolysis is consideicd complete when a maximum 
number of — COOH and —NIL guntps have been tibciatcd. The carboxyl group* 
can be readily estimated by one of the modifications of the SchitLSpicnsen foruml 
titration method or by oxidation with ninhydiin. 

REACT l OX OF AM 1X0 ACIDS WITH XIXHYUtUX 
Ammonia resulting from the oxidative deamination of amino acids with nun 
hydrin is aerated or steam distilled into boric acid and titrated.*' 

Reagents. Caprylic Alcohol.— .Saturate with thymol. 

Ninhydrin (Solid). 

Citrate Buffer, pH 2.5.— Grind 2.0G g. of trisodium citrate and Uhl 5 g. of citric 
acid to a fine powder. t 
Hydrogen Peroxide, 30 So. 

Potassium Hydroxide, Saturated.—' To a cylinder containing water tinder min- 
eral oil 1-inch thick, add solid KOH to saturation. Preserve under oil. 

Indicator.— Add 10 parts of 0.1% biomouesol green to 1 or 2 parts of 0.1%, 
methyl red in 95% ethanol. 

Boric Acid.— Dilute 20 g. of H 3 Bt> 3 to I liter. Add 20 ml. ol indicator per liter. 
Hydrochloric Acid.— Standard 0.0711 .Y HQ. 

Procedure.— Add 1 ml. of solution containing 20 to 1 00 ,cg. of caifmxyl nitrogen 
to an aeration tube containing 0.3 mg. ol buller and 50 mg. of ninhydrin. The 
pH should be 2.4 to 2.0. Shake to mix and place in boiling water for 10 minutes. 
At the end of 2 minutes of heating, shake to dissolve the uiiihvdriu After 10 
minutes of heating, add 3 drops of 30% H,(),. shake, and heat for 3 minutes 
longer. Set up the tubes for aeration or distillation. Add l ml. of saturated 
IvOH and aerate into lI»BO., for -10 minutes using 1.5 ml. of 2% boric acid to 
trap the ammonia. Titrate * with HQ or KHIO.,. Calculate as follows: 

Ml. of 0.0714 .V HC1 X 1000 - mg. of amino add N 

2„d“|i c ! c ct,k. s a |Tho!!S mT™ '»■ 

J. (Sk MCtUoJ maV also bc McConnell. W. I... Can. 

was. „ . 

U uanuicr, i ., Arch. Bmchem. Ihophys., 60, 301- 303, 1957. 
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COLORIMETRIC ESTIMATION OF AMINO GROUPS 

Harding and Mac Lean's 0 (1916) Method .— To I nil. of neutralized unknown 
(0,01 to 0.08 mg. of .immo nitrogen) add 1 ml. of 10% aqueous pyridine and 1 
ml. of 2% aqueous niuhydrin. Stopper the test tube lightly with a cotton plug 
and place in a boiling water bath for 20 minutes. Cool in water, dilute to 50 ml. 
and read at 570 i«m- Leucine may be used to picparc the standard curve. 

Yemm and Locking's Method . 10 — Mix 1 ml. of an amino acid solution containing 
0.05 to 2.8 ag. amino nitiogen with 0.5 ml. citrate buller of pH 5 (0.2 M). Add 
uiuliydrui in methyl Ccllosolvc (0.02 ml., 5% wt./vol.) and KCN in methyl Cello- 
solve (1 ml., 2% wt./vol.) to this solution either separately or as a single solution. 
Separately these reagents are stable for at least one mouth, and mixed, for at least 
one week. Heat the welt-mixed solution for at least 15 minutes at 100'C. and cool 
for 5 minutes in running tap water. '1 he boiling point of the water-methyl 
Ccllosohc mixture is gtcuter than 100’C., and using tubes stoppered with a glass 
maiblc, evaporation losses during the healing period are negligible. Make the so- 
lution up to a convenient volume with ethanol (00% wt./vol.) and determine die 
optica] density at 570 m/i. The colors are quite stable for at least I hour at room 
temperature. Most ol the common amino acids give colors equivalent to 100 ± 1% 
of that of pure dioxoliydrindyhdciic-dioxohydriudamiuc (DYI)A) except tryptophan 
(80%) and lysine (110%). Ammonia reacts yielding a color equivalent to only 33% 
of that of pure DYDA. 

QUALITATIVE PAPER CHROMATOGRAPHY 

Picscm-day paper chromatography may be considered to have started with the 
report of Martin and Synge 11 in 1011. because of the extensive familiarity with this 
method and its adequate coverage in many books and review papers* 2 a descrip- 
tion of only a few useful procedures will be given. 

Qiiantitics of Amino Acids Used .— The amount of cadi amino acid required to 
give a visible spot on a two-dimensional chromatogram is dependent on: type of 
color reagent, size of spot initially applied, length of development, type of paper, 
solvents employed, and the nature of the amino acid. The approximate amounts 
in 5 m 1- of solution of each amino acid to be applied to a large (18 in. x 22 in.) two- 
dimensional chromatogram are given m Table 27-1. 

Reogents and Materials. Paper.— Whatman No. 1 or No. 3 or Schleicher and 
Schuell No. 558 is most widely used. The latter is especially valuable for cystine, 
methionine, histidine, and tyrosine when one-dimensional chromatography and 
specific color tests are employed. 

Solvents. 13 Phenol.— One-hundred milliliters of metal-free water arc dissolved 
in 500 ml. of Mallinckrodt Gilt Label liquid phenol by gentle warming. Add 25 
to 50 mg. ol 8-hydroxyquinoline. The solvent is stored in a dark bottle in the 

» Harding, V. J. p and MacLean, R. M., J. Biol. Chem.. 24, 503-517. 1910. 

id Yemm. E. W., and Cocking. E. C., Analyst, 80, 209-213, 1935. 

it Martin, A. J. P., and Synge, R. L. M., Advances in Protein Chem., 2, 1-83. 1945. 

12 Block, R. J.. Durrum, E. L., and Zneig, G., Paper Chiomatography and Paper Elec- 
trophoresis, 2nd. Ed., Academic Press, Inc, New York, 1958. 

13 The addition of a diop of 0.1% wt./vol, bramocresol purple indicator to the amino 
acid solution is often helpful in enabling the investigator to follow the length of the 
solvent development, especially if the solvent is allowed to flow off the paper. 



ANALYSIS OK PILOT KIN HYDRO!. Y/.ATKS 


92 5 


Tvbie ?7-l. Desirable Quantthes of Each Am.no Acid to be Awlikd to a Two- 
Dimensional Chromatogram in 5 m l of Solution 


Arg. . . 

... 4 Mg- 

Tyr.. 

• 4 Mg- 

His. . . 

... 10 Mg- 

Try.. 

- 4 fig. 

Lys. . . 

... 3 Mg- 

Phe. . 

. 4 Mg- 

Leu. . . 

... 1 Mg- 

Glu. . 

. 0.3 Mg- 

Iso 

... 1 Mg- 

Asp. . 

• 1 Mg- 

Val. • • 

... 1 Mg- 




Cys s/*K- 

Cvsicic ac 1 Mg- 

Met 2pg. 

Gly 0.5 Mg- 

Ala °-5 Mg- 


Set". . 

The. . 


1 Mg. 
1 Mg- 


Pro. . 

Hop. 


> Mg- 
3 Mg. 


re 


lofrigerator where the cold causes separation into two layeis. \\ hen it is to he used, 
the bottle is vigorously shaken and the desired quantity of the emulsion is removed 
and gently warmed to elfect solution. 

A beaker containing 100 mg. ol NaCN in 1 to G ml. of water and one containing 
DO ml. of 15 to -1% NIL, are commonly placed in the chamber. 

The relative distance (Il f ) traveled by the more basic amino acids (atgiuine, lysine, 
ornithine, hydroxylysiue) in phenol is influenced by the pH of the developing 
medium. Thus, if a beaker containing 11% XIf ;i is placed in the chamber, these 
amino acids will travel further in the solvent than in its absence. 

1- Iiutanol’ Acetic Acid.— l-15utano!:glacial acetic, acidiwater J5U:5U: 1 ‘JD sol./vol. 

2- Biitanol:Amiiwiii(i.—2-liinanul‘.3% acjueous NH a 1:1(1: DO vul./\ol. Three 
per cent aqueous ammonia is prepared by diluting 55 ml. of concentrated NH,OH 
to 500 ml. with water. 

2-Butanol:Ammonia.— 2-Butanol: concentrated Nil, OH - 150:50 vol./vol. Run 
the chromatogram in an atmosphere of concentrated NH,OH. 

lert-Butyl Alcohol'.Formic Acid .— /erMJutyl alcohol; 88% formic acidrwatcr - 70: 
15:15 vol./vol. 

Apparatus. Descending Chromatography.— In this technique the solvent is per- 
mitted to flow along the paper in a duumward direction. Cotisden, Gordon, and 
Martin 11 first reported the successful separation of a niixtmc of amino acids bv 
descending paper chromatography. 

The essentials of the apparatus consists of a filter paper strip, the upper end of 
which is immersed in a glass trough containing the solvent. 1 he strip is hung in 
an aii tight chamber. Afiei the insertion of the paper, the chamber is sealed with 
Sarau wrap and glass plate. The bottom of the chamber is covered with the: or- 
ganic solvent in order to provide a saturated atmosphere. The trough is pro- 
videcl with a glass bar which serves as the paper support, and the paper strip is 

passed over a glass rod to prevent capillary siphoning of the solvent down the 
paper. 



definite slow-up after the solvent front ha.' traveled chro- 
t a ogiaphic development should be stopped at this point. In order to achieve 

14 Consden, R„ Cordon, A. H., and Martin, A. j. 1*., Hiochem. j., 38, 221-232, 1‘J-H, 
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maximum resolution by this method, "multiple development" should be tried (see 
below). Suitable equipment for ascending chromatography is described below. 

Ascending-Descending Chromatography.— Rectangular glass aquaria, 52 cm. long, 
32 cm. and 26 cm. wide, are used. The lower portion of the sides and all the 
joints arc covered by a layer of paraffin. Two glass rods running the width of the 
chamber are sealed with paraffin to the sides of the chamber about 1 cm. out and 
‘1 cm. from the top. These rods support lengthwise rods on which the paper is 
placed. If ascending chromatography is used, short sheets of paper arc held be- 
tween two rods clamped by rubber bauds. Glass or stainless steel troughs arc used. 
The chamber is covered with Satan vvrap and a glass plate. 

Two-Dimensional Chromatography.— For maximum resolution of a complex mix- 
ture, two-dimensional paper chromatography is recommended. The principle of 
this technique is the successive development of the chromatogram with two dif- 
ferent solvents (c.g.. a basic am! an acidic solvent), tiic advancing fronts of which 
arc at right angles to each other. 

The same apparatus as described for unidimcnsional chromatography, or the 
smaller equipment described by Datta et al ., lfl will lend itself to two dimensional 
chromatography with the diffcicncc that a single spot is applied 2.5 cm. from die 
lower corner of a sheet. After the first solvent has traveled almost to the top edge, 
the sheet is removed, dried, and rerun in a second solvent which is at right angles 
to that of the first solvent. If decomposition products accumulate at or near the 
solvent front of the first solvent, it is advisable to cut oil this section of the paper. 

Multiple Development.— Multiple development technique is used to gain a 
greater effective distance of solvent front while retaining a shorter length for the 
paper itself. After the mixture has been separated by the solvent and the paper 
dried, it is returned to the solvent trough for a repetition of the passage of solvent. 
This process may be repeated 2 to 1 times. 

It is sometimes desirable to use a “fast" solvent to get rid ol unwanted substances 
or impurities. These may then be located by suitable detection methods and the 
paper sheet cut olf parallel to the solvent flow just below this region. The remain- 
ing part of the sheet is fastened with a sewing machine to another piece of filter 
paper of the same width, and a second development (with the same or another 
solvent) is undertaken. 

Circular or Horizontal Filter-Paper Chromatography.—' The principle of this 
technique is that the substances to be analyzed are resolved into circular zones 
instead of spots. A "tail” is cut from a circular filter-paper disk and is immersed 
into the developing solvent after the substances to be analyzed have been deposited 
in a circle on the paper on a radius of 1 cm. from the center and 1 to 2 cm. apart. 

The apparatus consists of two upper or lower sections of a Petri dish and a 
filter-paper disk slightly larger than the glass sections. The "tail” is fashioned by 
making two parallel cuts, about 2 mm. apart, from the same edge up to the center 
of a circular filter paper, and the tail is bent at the joint perpendicular to the 
plane of the paper and cut down to about 1.5 cm. in length. Care must be taken 
that the cuts arc of equal length; otherwise the development may not result in 
truly circular zones. 

Instead of fashioning the wick from die filter-paper disk itself, it may be formed 
from another strip of filter paper (0.5 x 1.5 cm.), which is folded in the center and 
inserted into a 0.5-cm. long slit in the center of the filter-paper disk. The wick 

16 Datta, S. P., Dent, C. E., and Harris, H., Science, 112, 621-623, 1950. 
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nnv also be made from a strip of filter paper, rolled into a cylinder (2 to .5 nun. 
tlii ck) cut at the end into the form of a brush and inserted through a small hole 
at die ccmtcr of the disk or the solvent may be fed onto the paper d.sk by means of 
a "lass capillary. The size of the capillary regulates the rate of feed and Uni, the 
rate of development. A small cone made of filter paper and placed with ns apex 
at the center of the disk may also lie used as an irrigating wick. 1 - 
Application of Sample (.S/mbmgb-Probably the most impoitant single factor 
for successful paper chromatography is the proper application of the sample onto 
the filter paper. The original spot must be small (5 mm. m diametei), and for 
quantitative work the spot si/e and the deposited volume must be absolutely 

uniform. 

Self-filling micropipets are available in sizes ranging fiom 1 to In /d. (1 ;d. 

IX = 0.001 ml.). The tip is immersed in the solution to he chronuiogi aphi d and 
filled to the mark by capillarity. The lip is then lightly touched to the uuik on 
the paper onto which it empties with an even llow. In older to keep the spot 
size to a minimum diameter, the solution may be diied as it Hows on tin: paper 
either with an infrared lamp or a hair drier. I he filler paper may rest oil a clean 
glass or plastic plate. There is very little loss of material, bemuse any solution 
which reaches the glass is immediately reabsorbed on the underside of the paper. 
The pipets are cleaned with hot soapy water, distilled water, and acetone, in this 
sequence. 

In ascending chromatography, the spots are usually placed about 2 to cm. from 
the lower edge of the paper, 2 to 2.5 cut. apart from each other. The positions are 
indicated by pencil marks. A simple device for making a large unrulier of sheets 
is as follows: A strip of sheet aluminum is marked with uuVd points, 2 or 2.5 cm. 
apart, with the point of a nail. The lower edge (*. j in.) is hem slightly back to 
form a small ledge. The chromatogram is then placed between two sheets of fiber 
paper and fitted into the aluminum template. A quick movement of the thumb 
across the protective paper will thus mark the chromatogram conveniently. 

When more than one chromatogram is run simultaneously, the fiber papci.s are 
placed on clean glass plates, one over the other in echelon, each separated by 
a glass plate. It is important to hold tile papers flat on the glass plates. This is 
accomplished by placing the covering plate about 1 cm. above the point wheic the 
spot will be applied. Spotting platforms made from wood with temovable glass 
plates (1 in. wide) and Hush with the surface of the platform have also been used. 
This technique is more convenient that the foi liter, because between runs only the 
thin glass plates instead of the larger plates of glass have to be cleaned. 

For best results not more than 5 nl of solution should be applied at one time 
If more than this quantity is desired, other aliquots are applied top of the initial 
spot. The spots are dried after each application with an infrared lamp or the 
warm air blast from a hair drier. If the applied spot is too large initially the 
siape of the spots on the developed chromatogram becomes diffuse and indefinite 
When applying as much as 25 to 50 /d. of a solution, it is recommended to me 

transfer-type pipets The flow oi liquid from this pipet is controlled with a micro 
syringe equipped with a screw control. 

Other methods are described in Clock, Dunum, and Zwei-.u* 

Effect of Chamber Size ,— The chamber size alTeric / ? Ti r 

A critical roivctu voiunte „as been 

10 C la y ton > R. A., Anal. Chem., 28, 90I-90G, 193G. 
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chromatographic cabinet. For example, a 37-1. cabinet has a critical solvent volume 
of 375 ml. Above the critical solvent volume the R f values arc at a minimum, 
even when the solvent volume is increased. Below the critical solvent volume the 
R ( values arc at a maximum. It is, thcieforc, recommended to stay above the 
critical solvent volume for constant ll f values. It appears that below the maximum 
critical solvent volume unequal vaporization occurs, the solvent becomes richer in 
water, and. hence, the R f values of the water-soluble amino acids tend to increase. 

Drying the Chromatogram .— The chromatogram should be dried thoroughly to 
remove any excess solvent prior to color development. When phenol is used as a 
solvent, the chromatogram is dried at room temperature in order to prevent de- 
composition of some amino acids. Drying the chromatograms at elevated tem- 
peratures may be accomplished in a hood with the aid of a fan-type electric heater. 

Color Development.— A choice of color reactions is given below for each class 
of amino acids. 

Dipping.— Dipping of the chromatograms is recommended. It is necessary, of 
course, to choose a solvent for the color reagent in which the substances to be de- 
tected arc insoluble. A tray for dipping chromatograms consists of one of the 
chromatogram troughs, and a tube weighted with lead shot. The dried chromato- 
gram is slipped under the roller tube and is drawn quickly through the reagent 
solution. 

A multiple dipping procedure for the amino acids utilizes three to four succes- 
sive color reagents: niuhydrin or isatin. Ehrlich reagent (dimethylaminobcnzaldc- 
hyde), Sakaguchi, or diazo reagents. 1 * The spots should be marked in pencil after 
each reagent. In this manner most of the amino acids may lie identified on the 
same chromatogram by their position and characteristic color reactions. 

Spraying.— For the spraying of chromatograms, a glass atomizer may be made 
with only moderate skill in glass blowing. 12 Dc Vilbiss atomizers arc satisfactory 
if the spray solution is not metal-corrosive. Commercial all-glass spray bottles of 
various sizes arc available. A niuhydrin-acrosol spray for amino acid chromato- 
grams has also been developed. This atomizer does not require ,i source of com- 
pressed air and may be useful for portable applications. 14 

Chromatograms arc sprayed in a chemical hood by hanging the papers on a 
suitable rack by means of clothespins. The atomizer is held at a distance 12 to 15 
in. from the paper and is moved in a slow, but even, left to right movement, start- 
ing at the top of the paper and working downward. Care must be exercised not to 
overload the paper with spraying reagent, because the spots tend to diffuse and 
migrate, especially when aqueous icagents arc employed. 

The spots of a chromatogram may also be detected by laying die dried chro- 
matogram on a wet sheet soaked with the color reagent. 19 

Ninhydrin Test. Method /.—Niuhydrin, 0.25% wt./vol., in acetone containing 
5% wt./vol. pyridine, lutedine, or collidine. Warm at 35®C. for 1 hour in a 
moist chamber, store in the dark overnight. 

Method 2.— Ninhydrin, 0.3%, in 95% ethanol. The color is developed at room 
temperature in the dark for 18 hours. 

Method 3.— Two grams of ninhydrin are dissolved by warming in 50 ml. of water. 
To this solution, 80 mg. of stannous chloride in 50 ml. of water are added. The 

iTJepson, J. B., ami Smith, I.. Natuie. 172, 1100-1101, 1953. 

isZvveig, G., Anal. Chcm , 28, 428, 1956. 

is Bowden, C. H., Maclagan, N. F., and Wilkinson, J. H., Biochem. J.. 59, 95-97, 19a5. 
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mixture is allowed to stand in the dark for 21 hours or longer, after which the 
precipitate is removed by filtration. This stock solution of 2% iiinhydri*. wll 
remain useful for many months it kept in the refrigerator. J wcuty-hve ml. of 
stock ninhydrin solution are diluted to 50 ml. with water; then -t:»0 ml. or tso- 

propanol are added. , , _ , 

Method -/.-When alkaline salts have been Used to buffer the paper or whc»e the 

material to be chromatographed contains a considerable quantity of alkali, the 
alkali must be neutralized by the iucorpoiatiou of 2 to 1% vol./vol. of acetic acid 

into the ninhydrin solution. _ ..... 

Conservation of Amino Acid Chromatograms Stained with Nmhsdnn, ■ 1 he utu- 
hydrin-treated chromatogram is clipped into dilute copper nitrate (1 mi. of saturated 
aqueous Cu(N0 3 ) a + 0.2 ml. of 10% vol./vol. HNO :l are diluted to 100 ml. with 
ethanol). The papers are quickly neutralized with NH t vapors, ait dried and 
sprayed with Krylon crystal clear acrylic spray (Ktyloit. Inc.. IMiiladelphia -1U. Pa.).’* 

specific: rkagknts for the amino acids 


AltGlS'lNE 

l-Naphthol-Hypochlorile Reagent (Sakaguchi Reaction). - The chiomatograms 
are sprayed with 0.1% solution of i-naphthol in 1 -V NaOll. After diving, the 
paper is sprayed with NaClO solution prepated from an equal mix title of ethanol 
and commercial NaClO (Clorox). Arginine appears as a red spot; 10 ^g. or mote 
must be used. 

Dissolve 0.01% 1-naphthol in ethanol containing 5% mea. Add ROM to 3% 
wt./vol. just before spraying. Spray ami air thy a few minutes, and spray lightly 
with 0.7 ml. of Br.. in 100 ml. of 5%, wt./vol. KOH. This test is sensitive to 0.2 
fig. of arginine. 

8-Hydroxyquinoline.— A modified Sakaguchi method consists in dipping the 
chromatogram into 0.1% 8-hydroxyquinoline in acetone. After the chtomatogtatu 
has dried, it is clipped into a solution of 0.02 ml. of Br._. iu 100 ml. of 0,5 ,Y NaC)U. 
Arginine and other guauido compounds give orange-red spots. 

Ferricyanide-Nitroprusside Reagem.-Mix 1 volume of 10% wt./vol. K.,Fe(CN) ( .. 
1 volume of 10% wt./vol. Na.d'e(CN)..\0-2I L.O and 1 volume of IIP'/ wt./vol 
NaOH. After 30 minutes add 1) volumes of water and 12 volumes of acetone. 


CYSTINE- 11 ( cf . Methionine) 

Phospho-18-T ungstic Acid.-The paper is dipped into |% wt./vol. of Na..SO. 
and partly dried in air. Then the damp chromatogram is tie.ued with Folia’s 
phospho-1 8-tungstic acid reagent made alkaline with NaHCO.,. Cvsteinc and other 
reducing substances give a deep-blue color without sulfite treatment (cl. Histidine 
Egothionine, etc.). 

Cysteine and Homocysteine .- The hydroly/ate containing these sulfhvdivl com- 
pounds is adjusted to pH 5 and treated with an excess of MCHO f ur % 
room temperature. “ 

Ai* S ° diu ” AzWc ; Iodi„c Reaction.— The dry clmnnatogrants arc sprayed 
b ,V lod '" e M °" '-•dianol containing 1.5';;, svl./vol. of arid,.' ,,, 


282, 1956. loumics, t,.. and Kolb, j. J., Nature, 177, 281- 
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a freshly prepared solution o£ 0.01 AX l» in 0.5 AX KI plus 0.5 AX NaN 3 vol./vol. 
The sensitivity of this reagent is 0.5 Mg- of methionine. 

Sodium Nitroprussidc. Reagent /.—Sodium nitroprussidc (1.5 g.) is dissolved 
in 5 ml. of 2 N H 2 SO v Then 95 ml. ol methanol and 10 ml. of 28% wt./vol. am- 
monia are added. The solution is fdtered and stoied in the refrigerator. Reagent 
2: Two grams of NaCN are dissolved in 5 ml. of water and diluted to 100 ml. 
with methanol. Tests: Foi cysteine, use reagent 1; for cystine dip into reagent 1, 
dry slightly, and, while still damp, dip into tcagent 2; for both cysteine and cystine, 
prcpaie reagents at double strength and neat with an equal mixture of I and 2. 

Platiuic Iodide.— Add in the following order -1 ml. of 0.002 AX H 2 PtCl 0 , 0.25 ml. 
of 1 A’ KI, 0.1 ml. of 2 XV UC1. and 38 ml. of acetone. (The acetone must be puri- 
fied by refluxing over and distillation from K.Mn0 4 and K 2 C0 3 .) The dried chro- 
matograms are dipped into this reagent. Cystine, cysteine, methionine, and some 
other reducing substances give a white spot on a red-purple background. 

'I lie reagent may be used after development with butanol-acetic acid and other al- 
coholic solvents without extra precautions. If phenol, lutidiuc, etc., are the develop- 
ing solvents, all traces must be removed with ether-acetone (vol./vol.), petroleum 
ether, etc. Palladous chloride in 0.1 A r HCI may be used in place of chloro- 
platiuic acid. 

N-Ethyhnalcimidc. The air-dried chromatogram is dipped into 0.05 AX N-ethyl- 
maleimidcncm in absolute 2-propanol. After drying in air the color is developed by 
dipping the chromatogram into 0.25 M KOII in 2-propano!. i> Compounds which 
contain -SH groups give pink to red spots. 

Oxidation and Coupling of Sulfur Amino Acids.— Cystine may be converted to 
cystcic acid, and methionine into methionine sulfoxide and sulfonc. by oxidation 
with HjjOj,. The sample is applied to the paper, and the spot is dried. Then an 
aliquot (equal to that of the ammo acid solution) of 30% vvt./vol. of H 2 0 2 fol- 
lowed by two or three times that quantity of 0.02% vvt./vol. of ammonium molyb- 
date is applied in the usual manner. Cystcic acid, methionine sulfoxide, and 
methionine sulfonc aie more readily identified on phcnol-lutidinc two-dimensional 
chromatograms than are the parent amino acids. 

In order to avoid destruction of cysteine, reduced glutathione, etc., on paper 
chromatograms, the -SH compounds aie coupled with n-ethylmaleimide by dissolv- 
ing the neutralized mixture of amino acids in aqueous 0.1333 . . . AX reagent. 
It is important to keep the pH of the NEM-derivatives at pH 7 or below during 
the entiie operation. The N EM -adducts readily decompose above pH 7.5. The 
S-substituted compounds may then be determined by the niuhy drill reaction, treat- 
ment with 0.25 AX KOH in 2-propanol or by the use of some of the sulfur tests. 

HISTIDINE 

Sulfanilamide.— Place 5 ml. of sulfanilamide and 5 ml. of NaN0 2 in a separatory 
funnel. Mix for 1 minute. Then add 50 ml. of 1 -butanol. Shake for 1 minute, 
and let stand for 4 minutes. Decant the butanol layer, and spray or dip the chro- 
matogram. Dry die sheet in a current of air and then spray with half-saturated 
Na 2 C0 3 . Imidazoles give a deep cherry-red color. 

p-Anisidine.— Mix equal volumes of 1% vvt./vol. p-anisidine in 0.11 N HCI and 
10% wt/vol. amyl nitrite in ctlianol. Let stand 3 to 5 minutes and spray paper. 

si Benesch, R., Bcnesch, R. E., Gutcho, M., and Laufer, L., Science, 123, 981-982, 1956. 
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Dry the sheets at room temperature, and develop the color either with NH 3 vapois 

or by spraying with 10% K.OH in ethanol. , . , , • 

/;-15rt>manilinc\— The reagent may be substituted for suUamlamulc It . espe- 
ci;[lly valuable for histidine and other imidazoles as n gives a iclatively weak reac- 
tion with tyrosine and other phenolic derivatives. 


GLYCINE 

Glycine, as well as histidine and tryptophan, gives a color when sprayed with 
o-phthaldiaklehyde 0.2% wt./vol. in acetone. 

METHIONINE ["Active Methionine" and other Sulfur Compounds 

(Thiohydantoins)] 

Platinic Iodide.— See Cystine, above. 

Sodium Nitroprusside.— Dissolve 500 mg. of sodium nitroprusside in 10 ml. of 
water at room temperature, lhen add 500 mg. of NlLOi l * 1 1 Cl, followed by 1 g. of 
NaHC0 3 . After the evolution of gas has stopped, add two diops of Br... Re- 
move the excess Br, by aeration, filter the dark-green or black-brown solution, and 
dilute to 25 ml. ft is stable for 2 weeks. Let stand 21 hocus, filler again, and 
store in the dark. Just before use, dilute the reagent with an equal volume of satu- 
rated NaXO. ( , and filler. Spray, and expose moist chromatograms to steam for a 
few minutes. 


ORNITHINE 

Vanillin.— Spray with a freshly prepared solution of 2%, vol./vol. vanillin in I- 
propanol. Heat at 110°C. for 10 minutes, then spray with 1% wt./vol. ROIL 
Heat at 1I0°C. for 10 minutes. Five-tenths microgrant of ornithine gives a yellow- 
brown color; sarcosine gives red spots. The procedure may he modified as follows; 
Spray with 0.2% vol./vol. vanillin in acetone followed by 1 % wt./vol. alcoholic 
KOH. Heat. Ornithine, proline, and hydroxyproline give red spots.-- 


PROLINE ANI) HYDROXYPROLINE 


Isatin.-Spray with 0.2% wt./vol. isatin in acetone. Heat for 10 minutes in IL.O* 
saturated oven at 70° to 75 3 C. Prolific and hydroxyproline give blue colors; cystine 
and tyrosine often also give blue colors. Glutamic and aspartic acids give pink 
spots which turn blue on standing. The other amino acids give pink spots which 
fade. 

The air-driecl chromatograms are healed 2 to 3 minutes at U0"C.. then they arc- 
dipped into 0.-1% wt./vol. isatin in butanol: acetic add - vol./vol. After 
drying in air, the paper is heated for 10 to 15 minutes at 1I0 J G\, it is then dipped 
into N HC1 and, while still damp, the excess IIC1 is washed out with distilled 
water. Only the proline spot remains.- 3 


Isatin-p-Dimethylaminohcn/aUlchyde.— After heating die isatin-irealed paper it 
is sprayed with a freshly prepared solution of l g. of /i d imeihylaininoben/aldc- 
hyde, 90 ml. of acetone, and 10 ml. of concentrated HGL Only hydroxyproline 
will give a purple-red color . k Sensitivity, 0.1 ^g./cm.'- * >l 


^ G -> i| ntl Giltrow, J„ Nature, 173, 311-315, 1954. 

— lasieka, A. E., and Morgan, J. I-., Proc. Soc. Exptl. Iliol. 


Med., 93, 54-57, 1950. 



ANALYSIS OF PROTEIN HYDROLYZATES 


032 


SERINE AND THREONINE 

Spray with 0.035 M periodic acid in meiiianol containing 2% vol./vol. distilled 
7 -coIlidinc and air dry. Serine, hydroxylysinc, etc., arc revealed by dipping the oxi- 
dized chromatogram into a mixture of 15 g. of CH 3 COONII 4 , 0.3 ml. of 
CH 3 COOH, and 1 ml. of acclylacetone per 100 ml. of methanol. Air dry, and view 
under ultraviolet light. 

Threonine is revealed by spraying with a fleshly prepared mixture of 5% wt./vol. 
mcthauolic N.i 3 Fc(CN) 3 NO*2H..O:20% vol./vol. inetlunolic piperidine = 1:1 vol./ 
vol.** 


TAURINE 

o-Phthaldiuldchydc.— Dip the chromatogram in 0.2% wt./vol. o-pluhaldialdehyde 
plus 0.2% wt./vol. urea in acetone. Heat for 10 minutes at 50*C. Dip into 1% 
wt./vol. alcoholic KOII; heat for 10 minutes at 50‘C. and for 10 minutes at 105*C. 
Taurine gives a red spot.* 2 

TRYPTOPHAN 

Ehrlich’s Reagent.— Prepare fresh a mixture of 1 g. of p-dimethylaminobcnzal- 
dehyde, 90 ml. of acetone, and 10 ml. of concentrated HC1. The Ehrlich reaction 
may be stabilized by first spraying the chromatogram with 1% wt./vol. methionine, 
drying in air, and then spraying with pdimcthylaminobcnzaldehydc in HC1- 
acetone.* 3 


TYROSINE (Diiodotyrosiue. Thyroxine, etc.) 

Pauly Reagents.— These arc described above (Histidine). 

Ceric Sulfate-Sodium Arscnitc-.Meihylcnc Blue Reaction for Iodoamino Acids.— 
Reagents: A. Ce(HSO 4 ) 4 :10% wt./vol. in 10% H»S0 4 vol./vol. 11. NaAs0 2 , 5% 
wt./vol. in Hj.0. C. Mctliylcne blue. 0.05% wt./voF. in H 3 0. All reagents must he 
made up in dcionizcd-distillcd H„0. 

The chromatogram is lightly sprayed on both sides with a freshly prepared mix- 
ture of A and B in the proportion of 2:3 vol./vol. An 18^x22 in. sheet of 
Whatman No. 3 paper requires about 50 ml. of the reagent. The paper is dried in 
an air stream for 5 minutes. It is then sprayed on botli sides with reagent C ap- 
proximately 100 ml. per sheet. The sheet is again dried for 5 minutes. It is 
then placed in a tank containing NH 3 vapors until the HoS0 4 has been neutralized. 
This is indicated by the change in color of the background from pink to yellow. 
The chromatogram is then dried in air. The iodoamino acids appear as bright- 
blue spots on a yellow-green background. 

DIFFERENTIATION OF «-AMINO ACIDS 
FROM OTHER AMINO COMPOUNDS 

The dried chromatograms are dipped into a methanolic solution of 0.25% wt./ 
vol. cupric nitrate and 2% wt./vol. sodium acetate. The paper is dried at 70% C. 
for 2 minutes and then counterstained with 0.2% wt./vol. iiinhydrin in acetone. 
a-Amino acids are not colored or only very faintly after drying in air for 1 minute 
followed by heating at 70®C. for 40 to 50 seconds. Other ninhydrin positive com- 
as Schwartz, D. P., Anal. Chem., 30, 1855-56, 1958. 

as Nakajima, S., and Okuyama, G., J. Pharm. Soc. Japan, 76, 620-624, 1956. 
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pounds including lysine give intense purple colors. Glycine and glycinc-ioniani- 
ing peptides are yellow or orange. 

Another procedure for dilfereutiating a-auiiiio acids from /i-aniino acids. amines 
etc., is based on tire noneiuymaiic transamination of the former.-^ 1 he paper 
chromatogram is sprayed with alcoholic pyridoxiue. or Vitamin 15,, (-:'<> »>g- »' V ‘‘ :l ' 
min B..-HC1 in 100 ml. of 95% ethanol neutrali/ed to pH 5.5) and air dried, the 
chromatogram is heated at 90°C. for 10 minutes to elfect transamination and then 
sprayed with ninhydrin to reveal uureacted amino acids and primary amines. 


DETECTION OF OPTICAL ISOMERS OF AMINO ACIDS 

The presence of a n-isomer can often he detected by spiaying a paper chromato- 
gram with a weak solution of n-amiuo acid oxidase (Viobin Corpoiation, Monti- 
cello, 111.). The chromatogram is then incubated in a moist chamber for several 
hours, dried, and sprayed with ninhydrin, A dec lease in color, compaied to an 
untreated control, indicates the presence and approximate (piaiility of the n-amino 
acicl. 

Contamination by the n-isomer in samples of supposedly pme t.-isomeis of 
cystine, hydroxyproline, proliue, leucine, phenylalanine, tyrosine, tiyptophan. eh., 
can be determined more accurately as follows: 1001) micromoles (>iM.) of the r.-iso- 
mer to he tested are placed in each of four Warburg vessels, and to each of these 
ilasks 1 mM. of the known n-oplical euantiomorph (usually in the form of an aliquot 
of a huger volume) is added. To these four flasks, as well as to two others, buffer 
solution is added, fa the sidearms of all six vessels n-amino oxidase solution is 
introduced. The flasks are lipped after the equilibration period ami read at inlet- 
vals until gas evolution or consumption is complete. This method is obviously 
applicable only where 1 *t.\f. of added susceptible isomer is readily and quantita- 
tively oxidized in the presence of the 1000-fold amount of the resistant enantio- 
morph. As a rule, a considerable amount of the enzyme is employed. The 1000 
jAI. of the i -isomer alone should consume less than 1 micro.itom of <)„. while simul- 
taneously the added 1 /nW. of n-isomer should he quantitatively oxidized as shown 
by the increment in the value over the t. -isomer. All values are collected for the 
enzyme blanks. 


QUANTITATIVE PAPER CHROMATOGRAPHY 

METHOD I: VISUAL COMPARISON 
Casual inspection of a finished paper chromatogram reveals that both the inten- 
sity of color and the size of the spot vary with the quantity of the substance duo- 
matogiaphed. Thus, a reasonably accurate estimation of the quantity of a sub- 
stance of unknown concentration may be obtained by developing on the sum,- 
ciromatogram a senes of dilutions of the unknown and a series of dilutions of 
known concentrations. Then, where a spot o[ unknown concentration matches 
spot of known concentration with respect to area anti density of color, i, ,v he 
assumed that the quanmy of material in the -unknown” is equal to i, 
standard. It ts important that the mac volume* „f ‘ , ‘'"l 

unknown) he used throughout. If volumes ol varying si,e are a die I T 
areas ot tire spots will vary irrespective or the concentration of the s u n„ie nn "i 
test. In praettee, volumes ol 1 ,1. „l. are t ,, L . mos[ ^hhao,] umll ‘ 

Kalyankar, G. D., and Snell, E. E„ Nature, ISO, 1069-1070, 1957 
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METHOD II: MAXIMUM COLOR DENSITY 
ON ONE-DIMENSIONAL CHROMATOGRAMS 

During the investigations on amino acids and amines, it was observed that, be- 
cause of the symmetrical nature of tiic color density curves, accurate icsults could 
be obtained by reading the concentration of the unknown material directly ftom 
calibration curves prepared from the maximum color densities of the standard 
solutions. 

The quantitative estimation of colored substances directly on the paper after 
one-dimensional paper chromatography is more accurate than on two-dimensional 
chroma togiams, as both the standards and unknowns are placed on the same sheet 

Application of Spots .— The method of application and the description of the 
types of pipets used arc given in Block, Durrurn, and Zweig. 13 

Paper Chromatography. 

Croup A.— Paper: Whatman No. 1. Size: 18x11 in. (long), ascending. 

Solvent: C 0 H-OH:H.,O = 100 ml. of 88% liquid phenol plus 20 ml. of H..O. 
A small quantity of 8-hydroxy quinoline is added to the phenol before the 
addition of the water. Beakers containing 10 ml. of 1% NaCN and 50 ml. of 
3% NII4OII arc placed in box. Treat hydroly/atc spots with vapors of 1:4 
NH 4 OH for 4 minutes. 

Pipet: 2.5 X (if necessary I X). 

Length of Run: 23 cm. 

Color Reagent: 0.25% ninhydrin in acetone. 

Standards: 2, 4, G, and 8 mM./iuI. (if necessary 1 

Unknown to Contain at Lowest Level: 


Aspartic acid. . 

tt, 

0.25 

0.20-0.60 

mg./ml. 

Glutamic acid 

• hj 

0.33 

0.20-0.50 

mg./ml. 

Serine . . 

• fy 

0.43 

0.20-0.45 

mg./ml. 

Glycine 

• h, 

0.48 

0.12-0.30 

mg./ml. 

Threonine . . 

. «/ 

0.55 

0.20-0.50 

mg./ml. 


Group B.— Paper: Whatman No. I. Size: 18x11 inches (long), ascending. 
Solvent: l-Butanol:acctic:water = 450:50: 125 vol./vol. 

Pipet: 1 X (if necessary 2.5 X). 

Length of Run: 23 cm., dry, and rerun three times for 23 cm. 

Color Reagent: Ninhydrin. 

Standards: 2, 4, G, and 8 pM./ml. (if necessary 1 /Af.). 

Unknown to Contain at Lowest Level: 


Cystine Rj 0.12 0.20-0.50 mg. /ml. 

Lysine R { 0.18 0.25-0.60 mg./ml. 

Histidine R / 0.22 0.25-0.60 mg./ml. 

Arginine R/ 0.26 0.25-0.70 mg./ml. 

Alanine R/ 0.45 0.14-0.40 mg./ml. 

Tyrosine R/ 0.60 0.25-0.65 mg./mL 

Phenylalanine. . . R/ 0.80 0.30-0.70 mg./ml. 

Isoleucine Rf 0.82 0.30-0.55 mg./ml. 

Leucine Rj 0.85 0.30-0.55 mg./ml. 


Group B 2 .— Iso-Amyl alcohol:pyridine:water:diethylamine = 50:50:35:2 vol./vol. 
in the presence of NaCN and aqueous phenol may be used for valine, methi- 
onine, tyrosine, isoleucine, leucine, and phenylalanine. 

Length of Run: 23 cm., dry, and rerun twice for 23 cm. 
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Group C.— Paper: S. & S. 598. Si/e: IS x 1 1 in. (long). ascending. 

Solvent: I -Butanol: acetic ncithwater = 250:00:250 voi./vol. 

Pipet: 5 \ (if necessary 2.5 X). 

Length of Run: 25 cm. 

Color Reagent: Diazotizecl sulfanilamide. 

Standards: 2, 1, 0, and 8 ^M./ml. 

Unknown to Contain at Lowest Level: 

Histidine Iif 0.17 0.30-0.70 mg./mi. 

Tyrosine it / 0.-50 0.20 -0.70 mg. /ml. 

Group D.-Papcr: S. & S. 598. Size: 13x11 in. (long), ascending. 

Solvent: l-llutanol:acetic acid: water ~ -150:50: 125 vol./vol. 

Pipet: 5 X (if necessary 2.5 X). 

Length of Run: 25 cm. 

Color Reagent: Platinic iodide in acetone. 

Standards: 1, 2, 1, and 6 /<M./ml. (if necessary 8 pM./ml.). 

Unknown to Contain at Lowest Level: 

Methionine.... It/ 0.50 0.15-0.60 mg. / ml. 

Group E.— Paper: Whatman No. 1. Size: 18 x II in. (long) or 18x20 in. (long), 
ascending. 

Solvent: l-ButanoI:acetic acid: water ~ •150:50:125 vol./vol. 

Pipet: 5 X. 

Length of Run: 25 cm. for proline only: Hi tin. for proline and hydioxv- 
proline. 

Color Reagent: 0.2% isatin in acetone. After spraying, air thy, put sheets in 
oven at 70° to 7(i°C. for 10 minutes. Oven to he saturated with H..O 
vapors. For hydroxyproline, counterspray with color teagem F. 

Standards: 1, 2, *1, and 6 pAl./ml. 

Unknown to Contain at Lowest Level: 

Hydroxyproline R/ 0.20 0.25-0.60 mg. /ml. 

Proline It f 0.30 0.10-0.30 mg.'/ml. 

Group F.-Paper: Whatman No. 1. Size: 18x11 in. (long), ascending. 

Solvent: 2-Butanol: 3.3% NIL, = 150:50 vol./vol. 

Pipet: 2.5 X or 5 X. 

Length of Run: 25 cm. 

Colot Reagent: p-Dimethylaminobenzaldehvde (I g.) in a mixture of 10 ml 
of concentrated FICl and 90 ml. of acetone. Prepare fresh just before use] 
Standards: 2, 4, 6, and 8 mM./iuI. 

Unknown to Contain at Lowest Level: 


0.25-0.80 mg. /ml. 


Tryptophan R f 0.60 

Group G.-Paper: Whatman No. 3. Size 18x22 in. (long), descending 
Solvent: 2-Butanol: 3.3% NH 3 = 150:00 vol./vol. (3.3% NH, is p^mretl by 
diluting 60 ml ot IM-.M .V NH,OH .o 600 ml. Sw, w , r)' | , n k 
of bromocresol purple placed m the starting line permits one to follow ,1m 
development as the solvent is allowed to drip off the paper. Bromocresol 
purple moves slightly ahead of phenylalanine. u u 

Pipet: 1.0 X or 2.5 X. 
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Length of Run: The bromocrcsol green should travel 15 cm. bc)ond the origin. 
Color Reagent: Ninhjdrin. 

Standatds: 1, 2, 4, 6, and 8 *iM./ml. 

Unknown to Contain at Lowest Level: 


Lysine 
Arginine. . . 
Tyrosine 
Valine . . 

Methionine. . 

Isoleucine . . 

Leucine 

Phenylalanine 


0.25-0.60 mg./inl. 
0.25-0.75 mg. /in I. 
0.25-0.65 mg. /mi. 
0.20-0.50 mg./ini. 
0.30-0.90 mg. /mi. 
0.30-0.60 mg./ml. 
0.30-0.60 mg./inl. 
0.30-0.75 mg./inl. 


Replication.— Four to six replicate spots are used for each level of standard and 
three or four levels of the unknown. Each sheet should have at least one appli- 
cation of each level of standard. The results arc then averaged and the concen- 
tration of the unknown is read from the standard curve or calculated by the 
method of least squares. When the spots are applied 2 cm. apart, then 22 appli- 
cations ina) be made on a single sheet 18 in. wide or 88 applications on 1 sheets in 
a single aquarium. It is advisable to use the same pipet for the application of 
standards and unknowns. 

When six or more proteins are analyzed simultaneously, it is advisable to stagger 
the applications of standards and unknowns over the sheet in order to avoid hav- 
ing the same material alwajs located near either end of the sheet. 

Method of Reading.— All amino acids are roughly outlined in pencil using trans- 
mitted light (X-ray viewer). This facilitates centering each spot on the densitom- 
eter for the determination of the maximum color density. In the case of methio- 
nine (Croup D), the amino acid is revealed by the bleaching of the platinic iodide 
reagent. The area of this bleached spot is proportional to the logarithm of the 
concentration of methionine provided that the volumes of the unknown and 
standard applied to the paper arc identical. 

Calculations.— The average dcnsitometric readings of the standard solutions are 
used lo prepare standard curves. 

Comment.— The reproducibility of this proccduic is in the order of ±5% when 
two hjdrolyzates of the same protein arc analyzed on the same chromatograms. 
Further discussion of the errors is given in Block, Durrutn, and Zwcig. 1 * Fowler 27 
has reported that the logarithm of the spot content is a constant function of the 
logarithm of the spot length on 5-nint. strips of paper. 


METHOD III: QUANTITATIVE DETERMINATION OF DNP 
AMINO ACIDS 

Dinilrophenylatioii . 28 — Dinitrophcnylation is effected quantitatively by stirring 
an aqueous solution of the amino acids (20 to 30 #»M. in 3 ml.) with a slight excess 
of J-fluoro-2,4-dinitrobcnzene (FDNB) for 80 minutes at pH 0.0 and 40 S C., the 
pH being maintained at this value throughout this period by intermittent addi- 
tions of standard alkali. Excess FDNB is then extracted with ether, the solution 
is acidified, and the DNP amino acids are extracted into ether (5x5) ml.). The 
aqueous solution, which contains DNP arginine and a-DNP-histidine, is diluted 
to 10 mb 

27 Fowler, H. D., Nairn e, 168, 1123-1121, 1951. 

28 Levy, A. L., Nature, 174, 126-127, 1954. 



037 


ANALYSIS OF PROTEIN HYDRO LY/.A I LS 

CHROMA TOGRAPHY 

Apparatus and Reagents. Paper.-Whatman So. 1. 

Solverus.— Toluene: chloroethanol:pyridine:0.8 A ammonia ---■ vvl,\ol. 

and 1.5 iU phosphate butter. M NaHA’O, plus 0.5 M Nadi 1>0 r- 

Procedure.- A 2-ml. aliquot of the ether solution and a 1.0 ml. aliquot of the 
water solution are next applied to adjacent corners of an 1HL x 22 L in. '-heel of 
Whatman No. 1 filter paper, which is then irrigated bv the ascending procedure 
with the ioluene:chloroethauol: pyridine: ammonia. The chromatogram is dried 
for 3 to d hours at 10°C., and the spots due to DNP-arginine and .i-DNl* histidine 
are excised at this point. The paper is then run in the second dimension by the 
descending procedure with aqueous phosphate buffer. All the ether-soluble DNT- 
amino acids are thereby separated except DNT-leminc am! isoleucine. The posi- 
tions of DNP- tryptophan and di-DNP-hisiidme coincide, but this does not present 
a difficulty in practice, since the former amino acid is not normally present m at id 
hydroly/ates and the latter amino acid is determined as its mouo-DNP derivative. 

The spots are cut out and dropped into a set of labeled test tubes; three blanks 
are also cut from each sheet. Four milliliters ol water are pipetted into oath of 
tl\e tubes, which are then placed in a water hath at 5a' to 60‘C. for 15 minutes 
to allow complete elution of the color. After an additional 15 minutes to allow 
the solutions to cool to room temperature, they are successively det ained into a Inn. 
quart/, cuvet, and the optical densities at 360 mu (385 urn in tire case* of I)XP- 
proline) are read in the Beckman Model I)U spectrophotometer against a water 
blank. The optical density reading of the tubes containing blank paper is O.tiUl 
to 0.002 per square centimeter, arid the appropriate corrections are made for each 
spot according to its estimated si/e. 

Calculations.— The resulting optical density ratios of the DXPamino acids are 
converted to molar ratios hv multiplying by the following factors, whhh. within 
the accuracy of the method (il%). are independent ol the composition of the 
mixture analyzed: Asp, 0.09: Glu. 0.91; CySS, 0.50: Set*. 0.97; Thr. 1,02: Gly, 1 .0.1; 
Ala, 1.09; Pro, 0.93: Val. 0.99; Met. 1.21; hen and Isoleu. 1,10; Phe. 1.03: Tty. 
1.54; Lys, 0.61; His. 1.62: Arg, 1.06. When the chromatograms are run in tiipli- 
cate, the molar ratios are found to he reproducible to within 2 to 3%. Tyrosine 
is subject to rather wider variation. 

COLUMN CHROMATOGRAPHY ON ION EXCHANGE RESINS 

Introduction— In 1951 Moore and Stein *'•' described a procedure for the chro- 
matographic separation of mixtures of amino acids liv elution analysis on syn- 
thetic ion exchange resin. The procedure permits accurate determination of the 
commonly occurring amino acids in acid hydroly/ates of proteins. 

Primary emphasis will be placed on the experimental details of the ion ex- 
change method and its use in amino acid analysis of proteins. Onlv a few 
pertinent articles will be cited as illustrative of tire earlier developments hi 

niaT ^ r ° m;llOSra ,P J ° f amin ° :ici(ls - Rcvicvvs <> f **«-* >ubjeci by Wiela.ul - 
(1943), Martin and Synge 11 (1945), liselius'u (1947). Block:'- (1949), and 

so WielSf] S 'T a,, n- Sl r» 1, ' ,V ‘ -r’ *• liial - Chom - 19 -> 663-681, 1951. 

30 Ureland, T., Die Cheime, 56, 213- ,} I5 1913 

AOvancos in Proldn Chcm.,' 3, 07-93, 1917. 

Escl,a "B‘-. ^JLtc7rX'\ p,I sllSSfnfS. Nacl "" 1 ' C - 
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Samuelson 33 (1953) may be consulted for additional information. Kitchener 31 
(1957) has presented an excellent review of ion exchange processes. 

QUANTITATIVE DETERMINATION OF AMINO ACIDS 

Principle.— A mixture of amino acids (ca. 2 mg.) is added to a 0.9- by 150-cm. 
column of Antbcrlitc 1R-120. The neutral and acidic amino acids are eluted by 
buffers. The diluent is collected by means of an automatic fraction collector in 
2-ml. portions in optically calibrated tubes. The amino acids emerge in a definite 
sequence, well separated from each other. Ninhydrm reagent is added to each 
tube for spcctrophotometric determination of amino acid concentration. Summa- 
tion of the quantities of amino acid found in the appropriate group of tubes gives 
the yield of each amino acid. The recoveries are quantitative (100 ± 3% on the 
average). The basic amino acids arc determined quantitatively with equal ac- 
curacy in a separate experiment on a 0.9- by 15 cm. column of the resin. 8 ** M 

Equipment mul Reagents. Fraction Collector.— Any one of several commercial 
fraction collectors may be used. A capacity of two hundred 18- by 150-mm. tubes is 
desirable. 

Spectrophotometer.— An instrument such as the Coleman Junior or the Beckman 
Model B spectrophotometer, wherein duett readings of optical density in 18- by 
150 mm. test tubes may he made, is needed. 

Calibration of Test Tubes.— A matched set of at least 100 lest tubes (18 by 150 
mm., without lips) should be calibrated as follows: Prepare a solution of methyl 
red in 0.03 N HCI of such strength as to give a reading at 525 ni/i of 0.G to 0.7 
on die optical density scale against a water blank. 30 Add 5 to 10 ml. of the solu- 
tion to each tube, and select only those tubes which read within 0.005 unit of the 
same density value. Mark permanently the side of the tube facing the light source 
and align the tube in the same way each time it is read. Number the selected 
tubes with a glass marking tool. 

Aluminum caps are convenient covers for the tubes during the course of analysis. 

Boiling Water Hath.— This bath, for niiihydrin color development, should be 
laxgc enough to hold a rack of 50 tubes immersed in vigorously boiling water to 
a depth of about 5 cm. 

Constant Temperature, Circulating Water Hath.— This is required to maintain 
die temperature of the column at 50° and 75° ± 0.5*C. 

Pipetting Machine.— Although such a device is not essential, it saves much time 
in dispensing reagents. 

Buffers.- The buffers are prepared in quantity and are stored in the cold with 
thymol or with 0.1% wt./vol. or 0.05% wt./vol. phenol. 

Sodium citrate buffers of different pH may be prcpaicd from data contained in 
Table 27-2. 

Thiodiglycol (TG) is added as an antioxidant to prevent losses of methionine. 
It may be purchased in purified form fiom Pieice Chemical Company (Rockford, 
111.) or purified by the redistillation under reduced pressure of Kromfax solvent 

33 Samuelson, O., Ion Exchangers in Analytical Chemistry, John Wilev and Sons, Inc.. 
New York, 1953. 

3* Kitchener, J. A., Ion-Exchange Resins, Methuen, London, 1957. 

36 Moore, S., SpadLman, D. H., and Stein, W. H., Anal. Chcm., 30, 1185-1190, 1958. 

3® Instead o£ the methyl red solution, the more stable solution of 0.12 At CoC^-HjO in 
0.25 N HCI at a wavelength of 515 m/* is preferable for these calibrations (Hr. \V. G. 
Gordon, unpublished). 
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Table 27-2. Preparation* of Sodium Citrate Buffers 


pH 

1 

Sodium 

Concen- 

tration 

A' 

i 

Citric 

Acid 

1-1,0 

g. 

NaOH 

(07%) 

S- 

HC1 

(cone.) 

ml. 

Final 

Vol- 

ume 

liters 

Phenol 
Added 
to Final 
Vol- 
ume 

8* 

1 

1 

f 

TG ! 
ml., 1 . j 

i 

i 

> 

! 

13 R f j 
ml... J. 

3.25 zk 0.01 

0.20 

840 

i 

330 

426 

40 

40 

io ! 

$ 

3 

4.25 ± 0.02 

0.20 

840 

330 

188 

40 1 

40 

10 

3 

5.28 ± 0.02 

0.35 

491 

2S8 

136 

20 

20 


5 

4.26 ± 0.02 

0.38 

532 

312 

307 

20 

20 

*““•* 

5 

6.50 db 0.05 

0.28 

133 

78 

6.3 

5 

5 


5 


(Carbide and Carbon Chemicals Corporation) or technical 2.2'-lhimlicthanol (Hast- 
man). BR1J 35 (Atlas Powder Company. Wilmington, Del.) is a nctuial. stable 
detergent, which permits faster How during elution. Dissolve 50 g. of UUIJ 53 in 
100 ml. of H.,0 for the stock solution. Both TG and the BIUJ 55 solution ate 
added in the stated quantities to several liters of the holier shortly befote use. 
not to the -10-1. quantities that are to be stored. BIUJ 53 tan ire omitted il it in- 
terferes with tire action of the fraction collecting device. 

If adjustment of pH is necessary, the addition of 1 ml. of 50% NaOH or 2 ml. 
of concentrated HC.l to the final volumes listed above causes a change of about 
0.01 pH unit. 

Buffer for immediate use is kept in a 500-ml. separatotv funnel fitted with a 
stopcock clamp and connected to the top of the column as previously described, 
in order to prevent the formation of bubbles in the tesin bed. which would occur 
as a result of the release of air when the buffers are heated to 5U 3 C., a 300 ml. 
quantity of the buffer is brought to a boil and added while hot to a separators' 
funnel. About 50 ml. of mineral oil is layered over the buffer. A long-stem 
funnel is employed to introduce tire buffer below the level of the oil. Individual 
separatory funnels are reserved for each of the three buffers ami for the 0,2 ,Y 
NaOH (see below). 

Methyl Cellosolve.-The reagent (peroxide-free grade) should he clear when 
mixed with atl equal volume of water (test with 10% aqueous Kl). Storage in the 
presence of zinc-copper couples will keep the reagent peroxide-free. 

Ninhydrin Solution.-'*. -^-A -1 A r sodium acetate buffer. pH 5.51 * 0.05 is pre- 
pared from 2720 g. of NaOAc-5H,,0 in 2 1. of water, 500 ml. of glacial acetic 
acicl, and watei to 5 1. Huai adjustment of the pH is made with solid N'aOff 
or glacial acetic acid. 

Dissolve 20 g. of ninhydrin and 3 g. of hydrindantin in 750 ml of mcthvl 
CeUosolve. and add 250 ml. ot pH 5.5 buffer. S.orc in a dark bouL undrr s' ' 

Diluent Solution.— Ethanol: water = 1 : 1 vol./vol. 

lltT: l" aiU ! X ci . n ’ W 1 B ! oL Chen.. 17G, 3G7-388, 1918. 

Mooie, S., and Stein, W. H., J. Biol. Chem., 211, 893-90G, 1951. 
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Resin.— The finely ground sodium salt of Ambcrlitc 1R-120 (Rohm and Haas 
Company, Type II, finer than 200 mesh) is used. 

One pound of the resin usually supplies enough material for two 0.0* by I50-cm. 
columns and one 0.9* by I5*cm. column, but it is desirable to have on hand at 
least 2 pounds of starting material. 

Separation of Particles of Appropriate S»zr. 3U — One pound of the dry sodium 
salt of the resin, as purchased, is trjusfcned in a hood to a jar containing about 
10 1. of water. Resin present in any foam that remains after the initial stirring 
of the mixture can be transferred to a beaker, treated with a little acetone, and 
added back to the main suspension. After thorough distribution of the resin in the 
water, the mixture is allowed to settle for about 6 hours. The supernatant sus- 
pension, which contains very fine particles of resin, is withdrawn by suction. 
7 he resin is suspended and resettled 3 or 1 times. The product is then trans- 
ferred to a large Buchner funnel and washed slowly with 2 1. of 1 N I1C1 and 
500 ml. of water. The moist resin is suspended in 2 1. of 2 N NaOH, and die 
mixture is heated on the steam bath for 1 hour. The resin is finally collected on 
a Buchner funnel and washed with water until neutral. 

The final test of die suitability of a resin is the performance of a column pre- 
pared from it. If a column is too light, it may be necessary to repeat the hy- 
draulic fractionation in order to icmove a small percentage of the finest particles 
from die resin. If the resolving power of the column is deficient, some of the 
coarser particles need to be removed. 

Fractions of resin that are to be stored for later use may be suspended in 0.2 iV 
NaOH and kept in polyethylene bottles at 1*C. If moist neutral suspensions arc 
stored at room temperature, contamination by molds may occur. 

Chromatograph Columns.— Zechmeister-Cholnoky type, with ground joints and 
coarse sintered glass plates; glass tubing 0.9 cm. inner diameter, 1.5 to 2 mm. wall 
thickness; length of tubes for 150-cm. resin column, 166 cm., and for 15 cm. resin 
column, 30 cm. 

The tubes are jacketed to permit temperature control by circulation of water 
ftom the constant temperature bath. 

Preparation of Resin Columns.— The 150-cm. column to be used with fraction 
collectors is poured with resin of the powdered Amberlite IR-120. The average 
diameter of the particles in this fraction is 56 ± 9 microns. About 100 ml. of set- 
tled resin are required for cadi 150-cm. column. 

The resin to be used is washed on a Buchner funnel with I liter of -1 N HC1 per 
200 to 300 ml. of settled resin in order to remove metal ions. After a wash with 
water, 2 N NaOH is percolated through the resin cake until the filtrate is strongly 
alkaline. The sodium salt of the resin is washed with water and then with several 
hundred milliliters of 0.2 N buffer at pH 4.25 without BR1J 35 or thiodiglycol until 
the filtrate is about pH 4. The columns are poured with a suspension of resin in 
this buffer. The composition of the slurry should be sudi that the volume of 
die supernatant buffer is twice that of the settled resin. If the handling of the 
resin has caused the formation of small amounts of very finely divided material, 
the resin should be settled 2 or 3 times from about 6 to 8 volumes of the buffer 
until the supernatant liquid is practically free of suspended particles. 

3» Hamilton has described a useful hydraulic procedure for separating and grading the 
resin particles. See Hamilton, P. B., Anal. Chem., 30, 911-919, 1958. 
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To prepare a column for use. suspend the washed resin in about twice its vol- 
ume of buffer, pH '1.25 without detergent. Allow u to settle and remote an\ 
bubbles by gentle stirring. Pour the slurry into the chromatograph tube in a or b 
portions of about equal volume using a funnel with a bent, constricted up to 
direct the flow of slurry against the side of the tube. Before the fust section is 
poured, the outlet of the tube is closed. As soon as the slurry of resin has been 
poured in, the outlet is opened and about 2 cm. of tesiu bed are allowed to 
form under gravity flow. Air pressure of 30 an. of mercury is then applied at 
the top of the tube. The pouring is done at loom tempeiaturc. After the resin 
lias settled to constant height, all of the supernatant buffer is withdrawn bv suc- 
tion and the next section is poured on top of the firm surface. After the thud 
section has been added, a 0.9- by 10-un. extension tube is attached to the top 
of the chromatograph tube by means of a butt joint held by about O.H-cm. i.d. 
rubber tubing (or through semiball joints). 1 he final height of the tesiu 
should be several centimeters greater than 150 cm. in order to allow for some 
further packing during operation. 

Before use, a new 150-cm. column should be washed with 0,2 X N.tOH ami 
equilibrated with boiled buffer at pH 3.25. as described below for the regeneration 
of the columns. Both operations are carried out at room temperature before 
the temperature is raised to 50°C. The rate of flow at f»0’C. should then he 
checked. If the column is too light to permit deliveiy of 12 ml. of effluent per 
hour under 20 to 10 cm. of pressure, the resin is withdrawn from the tube and 
some of the finest particles must be removed from the resin by settling or by 
refractionation, and the column repoured. If the column petmits a ninth faster flow 
rate than 12 ml. per hour at 20 cm. of pressure, a test chromatogram may be am, 
but the column is likely to be loo loose to give the desired resolving power. Flo- 
tation to remove more of the larger particles would then be required. Once 
a column of resin possessing the desired particle si/e is obtained, it can be used 
indefinitely; adjustment ol the particle si/e distribution is thus not a recurring task. 

The 15-cm. columns are poured similarly, in one or two sections, with resin that 
has been slurried in 0.35 X buffer at pH 5.2K. All columns should be prepared 
in buffer with the same ionic strength as that with which they will be operated. 
Since the resistance to flow through the 15-cm. columns is never great, it is advan- 
tageous to pour these from fine resin (average diameter 10 microns) in order to 
obtain high resolving power. The column is equilibrated before use with boiled 
buffer that contains BRIJ 35, 

Attach a separatory funnel (about 300-ml. capacity) as a leservoir for appro- 
priate buffer to the column with a length of plastic tubing so that the funnel may 
function as a leveling bulb. Run about 100 ml. of buffer through the column 
It is then ready for use. 

Procedure for Photometric Xinhydrin Method u,_ To 2 ml. of amino acitl solu- 
tion at about pH a.O add 1 ml. of ninhydrin solution. Place aluminum caps on the 



vol./vol. 2-propanol 


„ . . . . minutes and immediately add 5 ml of ■',<)«' 

The colored solution on be further diluted with 50- volj'uil 


2-propanol if desired. See Rosen, H., Arch. 


10-15, 1957 
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tubes and mix by gentle shaking. Heat in vigorously boiling water bath for 15 
minutes. Allow to cool for a few minutes and add 5 ml. of 50% vol./vol. ethanol. 
Shake well for 1 minute to remove the reddish hydrindantin color. Read in die 
spectrophotometer beginning at about 15 minutes after removal from the bath, 
using ‘140 nip for prolinc and hydroxyprolinc and 570 nip for all other amino acids. 
Read reagetit blanks against the diluent. Select average reagent blank, set instru- 
ment to zero on this blank, and read unknown. The reagent blank reading should 
be about 0.15 to 0.20 on the optical density scale. Analyses should be run in 
groups of not more than 50 tubes to petmit readings to be completed within 1 
hour after the heating period; during this time readings remain essentially constant. 

When optical density values at 8.0 ml. total volume are too high for accurate 
reading, further additions of one, two, or three 5-ml. portions of diluent solution 
are made, the average reagent blank is diluted likewise, and readings are taken 
at 13, 18, or 23 ml. If readings at 23 ml. arc still too high, aliquots of unknown 
and blank are pipetted into other calibrated tubes ami further dilutions are made. 

Leucine Calibration Curve.— On a molar basis the amino acids do not give the 
same color yield in die niuhydrin reaction. However, only one calibration curve is 
required because accurate color yields relative to leucine have been established. 
Relative to the leucine color value at 570 nip taken as 100, the color yields per 
mole for other amino acids are: 38 Hydroxyprolinc 8 (110 A); aspartic acid 91; 
threonine 91; serine 95: glutamic acid 99; pioline 22.5 (110 X): glycine 95; alanine 
97; half-cystine 55; valine 97; methionine 102; isoteucine 100; tyrosine 100; phenyl* 
alanine 100; tryptophan 91; histidine 102: lysine 110; ammonia ca. 97; and arginine 
101. Spcctiophotomctcr readings taken at -110 nip for proline (and for hydroxy 
proline, if present) arc first converted to "micromoles leucine." using the leucine 
calibration curve at 570 niM employed for the other amino acids; these values arc 
then divided by the above color yields to give micromoles of prolinc or hydroxy- 
proline. 

Prepare a calibration curve, plotting micromoles of leucine against optical density, 
with a sample of leucine of established purity. Use aqueous solutions of the atnino 
acid at several diifcrcni levels of concentration, within the range U.05 to 0.20 pM- 
of leucine per 2-mI. aliquot. This is a convenient tango for ninhytfrin color 
development by the above procedure in a total volume of 8 ml. Once the stand- 
ard curve has been confirmed by replicate experiments, a standard table relating 
optical density to micromoles of leucine may be prepared, and from these figures 
further tables may be calculated of total volumes of 13, 18, and 23 ini. for higher 
concentrations of amino acid. 

Operation of 150-Cni. Columns.— With the prcpaied column in place above the 
fraction collector, 41 begin circulating water at 5°C. through the jacket about an 
hour before the start of a run. Heat to boiling about 300 ml. of buirer of pH 
3.25 to free it of dissolved air, pour the warm buffer into the separatory funnel, 
and cover the solution with a thin layer of mineral oil. Add the sample of amino 
acid solution to the column with a 1- or 2-ml. pipet with bent tip so as not to dis- 
turb the surface of the resin. When the sample is drained into the resin, wash 
down in the same way with 3 successive 0.3-ml. portions of buffer, and finally 

41 If the collector is of the Technicon type, with the tubes housed in ait enclosed cham- 
ber, it is well to circulate a slow stream of aramonia-frcc air through the chamber; shah 
low dishes containing citric acid solution may also be used on top of the rack to minimize 
absorption of ammonia by the acidic eluate. 
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hver about 2 ml. of the buffer above the surface of the resin. Do not Mow the 
surface of the resin to dry out during these operations. pH of the ammo uu 
solution should be more acid than that of the buffeted column, about ...» o . 
tL’ optimal. Usually, a charge ol about 1 to 2 tug. of total a.nuto acul mixture 
• s 'introduced for a chromatogram, but several times tins quantity is pernms.blc 

and is recommended for more accurate '* 

small concentration 
Connect the 

column to about -1 ml. pet , — .» . 

or by using slight air pressure. Collect the diluent m ‘--ml. fractions 

An eluate at pH 1.23 is introduced at a time designed to allow valine to emeigc 
with the new’ buffer. The change is made at an cflluent volume 2.13 times that at 
which the aspartic acid peak has emerged, or about 201) mb At a flow rate of 12 
to 1*1 ml. per hour, this point will have been reached on the day after the column 
has been started. By the following morning, tyrosine and phenylalanine will have 
emerged. The amino acids may all he eluted somewhat mote slowly or mote 
rapidly if the chromatograph tube has a diameter slightly different from 0.9 cm. 

The position of cystine is extremely sensitive to pH. and it is necessary for the 
user to determine by experiment what the exact pH value ol the initial buffer 
should be so that cystine will be eluted about midway between alanine anti valine. 
Subsequent lots of the butler should be adjusted as closely as possible to this pH 
value, checking with a sensitive pH meter am! using as reference buffer standard 
0.03 M potassium acid phthalate at pH -1.00. 

To prepare the 150-cm. column for reuse, the basic amino acids that ate ictained 
by the resin are eluted with 0.2 ,Y NaOH (containing 3 ml. of lilUJ 113 solution 
per liter). The alkali can he allowed to run through under gravity flow ovet night, 
or under a few centimeters of pressure until the visible advancing front of NaOH 
is more than halfway down the column. The N’aOIl solution is not boiled or 
stored under oil; the funnel should he stoppered when not in vise, so as to mini- 
mize uptake of CO;., The column is re equilibrated for the next analysis by pass- 
ing through it overnight at room temperature or 5« a C. about 120 ml. of buffer 
at pH 3.25. If two 150-cm. columns are on baud, one can always be reads* for use. 

If the surface of the column becomes clogged at any lime, remove the top centi- 
meter of resin and replace it with fresh resin. Never allow the resin to dry out. 

Operation of 15-Cin. Columns.- A 15*cm. column can he operated on the fraction 
collector during the day, after a 150-cm. column has been removed. For the deter- 
mination of the basic amino acids, the aliquot taken is equal to or one-half the 
size of the sample used for the 150-cm. column. The pressure used durin- the 
addition of the sample should not be more than 10 cm. l£lmiou is carried out a 
50“C. with a buffer at pH 5.28 and at a rate of 25 to 30 ml. per hour. The am.IvsN 
is complete after about seventy 2-ml. fractions have been collected, which reunites 
on y o to 6 hours. By the elution of lysine, histidine, ammonia, and arginine with 
a single buffer, it is possible to obtain a constant base line throughout the dm 
matogram It is important that the buffer used to fill the top part of the duo 
matograph tube after the sample lvas been added should be drawn from he e ‘ - 
ratory funnel containing the buffer with which tlte column i s to be o er Ued 
Even a few milliliters of buffer that mntiin •, • r uc °P u * UtU * 

or lower than the main lot can give rise to a shoulder n * ^n of :uninoiu;l 
monia pea.. The columns can uo^ f uS 

since the most samples t.o not contain any „h,h y d,!„.p„ s Jvc SSTST ‘a 
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greater retardation than arginine. Regeneration, if required, can be accomplished 
with 10 ml. of 0.35 N NaOII containing I1RIJ 35, after which 80 ml. of the pH 
5.28 buffer should be run through before the column is reused. 

The position of histidine is fairly sensitise to pH, and adjustment of the buffer 
at pH 5.28 may be required to center the peak between those of lysine and am- 
monia. 

Analysis of Collected Fractions.— Develop the ninhydrin color in 50 tubes at a 
time. 

Add ninhydrin and develop color as described. In making the optical density 
readings it is important to choose the proper blank against which amino acid con- 
centration is read. Usually a representative blank cart be chosen from the valleys 
in the curve. Select the blank for methionine, isolcucinc, and leucine after the 
leucine peak. 

Calculation of Results.— Since the leucine calibration curve is plotted for volumes 
of 8.0 ml., volume concctions may be required in the calculation of results. Al- 
though the fraction collector is set to deliver samples of 2.0 ^ 0.1 ml., it is advisable 
to spot check its performance by weighing every tenth tube in a run before and 
after a fraction has been collected. Ail appioximatc volume correction can then 
he made for any deviation from 1.0 ml. In addition, a correction can be made for 
the volume of acid or alkali used to adjust the solutions to pH 5. Because optical 
density readings arc nude at a minimal volume of 8.0 ml., these volume corrections 
are important only when maximum accuracy is sought. 

Corrected optical densities arc converted to "micromoles leucine" and the values 
for each peak are integrated or the sum ol all the leadings is used. Use of the 
appropriate color yield then converts these figures into micromoles of amino add. 

Preparation of Samples for Chromatograms. Alaninc-Cystinc-Vulinc Mixture.— 
The order and position of amino acid peaks emerging from the column, while 
quite reproducible under the conditions specified, are rather sensitive to changes 
of pH and ionic strength of the buffers. The position of die cystine peak varies 
markedly with small changes in pH of this buffer. It is necessary, therefore, to 
check the performance of the buffer before use in analysis. 

Prepare a solution in dilute HCI of -1 mM. of alanine, 6 #i.M. of valine, and 2 
of cystine per milliliter. Mix 1 ml. of the solution with 1 ml. of buffer and 
add 1 ml. of the mixture to the 100-cm. column. Run the chromatogram with 
the buffer until valine is eluted (about 340 ml.). If the results show the peaks to 
be separated poorly, adjust the pH so that the cystine peak will be better posi- 
tioned midway between the alanine and valine peaks, and repeat the experiment. 

Amina Acid Mixtures .— It is important to run preliminary chromatograms with 
known mixtures of pure amino acids in order to establish a routine procedure 
whereby the reproducibility and accuracy inherent in die method can be realized. 
Unknown mixtures should then be analyzed in precisely the same way. 

Prepare accurately a known mixture of amino acids and NH 4 C! simulating die 
composition of a protein hydroly/ate. Tryptophan may be omitted because the 
present method was developed for acid hydiolyzates. Cysteine may also be omitted 
because, if present, it is gradually oxidized and does not give a peak. The amounts 
of the 17 amino acids and NH 4 C1 to be weighed out are determined by the follow- 
ing considerations. A total of about 1 g. of amino acids is dissolved in 1.5 ml. of 
6 N HCI and made to 10 ml. with 10% vol./vol. 2-piopanol. This solution is 
stored in the cold. An aliquot of the solution is diluted I to 10 with pH 3.25 
buffer for the 150-cm. column, or with pH 5.3 buffer for the 15 cm. column. A 
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0.2-ml. aliquot ot the resulting solution will then contain about 2 mg. ol total 

amino acids, a quantity suitable for analysis. 

Recoveries of 100 dt 3% should be obtained for the majority of annuo acids •»»»« 
ammonia. The recovery of methionine is 03%: a small conversion to the sulfoxide 

occurs during the chromatography. . w , . 

Quantitative Determination of Amino Acids by Automatic Methods.- Moore. 
Spademan, and Stein • 15 - have adapted their ion-exchange method to automatic 
equipment which permits a complete amino acid analysis to he pet formed in -1 
hours. This equipment is available from Phoenix Instrument Company, Phila- 
delphia, Pa., and from Beckman Instrument. Inc.. South Pasadena, Calif. Halt- 
ing 1 ' 1 has developed instrumentation for the automatic: analysis of amino acids 
which is sold by Bender and Hobein, Munich. Germany. The method of Pie/ and 
Morris 11 employing a single column of Dowex :iOXl2 resin and a variable giadieut 
elution device for the buffers has been adapted by the Techniton Corporation, 
(Chauncy, N. Y.) for automatic analysis on ChromoBead resin. The Tcclmiron 
Autoanaly/er and the Bender and Hobein instrument are. at the piesent writing 
(1902), considerably cheaper than the equipment sold by Phoenix or by Beckman. 
Simmonds 45 lias also described semi-automatic equipment for amino acid anahsis. 

It sliould be pointed out that the detet initiation of amino acids using either the 
original Moore and Stein methods or the more recent automatic equipment 
requires considerable experience, and is advised only when a large number of 
samples are to be analyzed. 


COLORIMETRIC METHODS 

When it is desired co determine a few amino acids only, the colorimetric pro- 
cedures given below arc often easier to carry out than cluomatogiaplm or micro- 
biological methods. A single example is given for each amino acid: other proce- 
dures are described in Block and Bolling » and by Block and Weiss. 1 

ARGININE by Sakaguchi’s method 4,i 

Procedure.- Mix .v ml. of hydroly/aic* + a.v ml. of fh.O + 1 ml. |(>%, wt./vol. 
NaOH + 0.1% wt./vol. of a-napluhol. Cool in running water for f> minutes. Add 
1 ml. of diluted NaOCl (proper dilution estimated by trial and etror) with a rapid 
delivery pipet. Read color in the colorimeter. Using three clillcieul sized ali- 
quots of the hydroly/ate, plot the apparent arginine concentration vs. the concen- 
tration of the protein. The true arginine value is obtained l»v extrapolation to 
zero hyclrolyzate. 

HISTIDINE by the Knoop-Kapclier-Adler Reaction 

Reagents. Sulfuric Acid, 1. 9-2.0 N. 

B, r T i "r D r ,VC °- 5 mL o( Br = in 30 "'*• of l<T(-bw;mol + 511 ml. or |>6-” 

■ /v0 ' KBr - to ‘>ork at 1- u> 5-C. Do kccp , ougcr 

La": S. A, “'- a,m '~ * 

c- iez ‘ K ' A > and Morris. L„ Anal. Biociiim., 1, 187-201 i960 
D : « * Anal. Chan., 30, 1013-1019, 1958. ' 

7 ? °’ T> f" Arch - Biochem.. 2-1, 25-30, 19-19. 
hunter. A., J Biol. Chan., 196, 589-598, 1952. 

- Hunter, A., J. Biol. Chem„ 216, 391-39-1, 1 955 
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Sodium Arscniic.— Dissolve 3 g. As 2 O a in 10 nil. of 10% wt./vol. NaOH and 
dilute to 100 ml. 

Copper Acetate.— To 90 ml. of FLO add 2.1 ml. of glacial acetic acid, 0.26 ml. 
of 1% wt./vol. CuS 0 4 '5II 2 0 and dilute to 100 ml. Then add 100 g. of 
CH 3 C00Na-3H 2 0. Volume = 172 ml. containing 9.6 /*g. CuS0 4 per ml. 

Procedure .— To 5 ml. of solution containing 0.12 to 0.28 pg. of histidine, add 
0.5 ml. of 2 A T H 2 S0 4 . Mix, warm to 25*C., and in a dark room add 0.25 nil. of 
biominc reagent. Stopper and place in dark at 25 e C. for 2 , / {- hours. Add five or 
six drops (0.25 ml.) of arscniic reagent, then add rapidly with shaking 1.2 ml. of 
acetate reagent. After 14 minutes at 25 ± 0.2'C., dilute with water at 10°C. to 10 
ml., and read with 510-m/i filter against reagent blank. The red pigment adsorbs 
on the glass and requires HN0 3 to clean. 

LYSINE « 

Procedure. Preparation of H)diol)zate and Adsorption of liases.— A sample of 
protein is h)drolyzcd with HC1 in the usual fashion; the hjdrolyzate is adjusted to 
pH 5 with NaOH and decolorized. An aliquot of h)drol)/ate equal to 30 mg. of 
protein in 25 ml. of water is shaken with 1 g. of Perinutil previously treated with 
0.33 N NaOH and then washed free of alkali with distilled water. The adsorp- 
tion is repeated with a fresh 1-g. portion of PennutiL The Permutit is removed 
and washed thoroughly with water. The adsorbed basic amino acids are eluted 
with five 10-nil. portions of 0.33 N NaOH. 

Development of Color.— Aliquots containing 0.1 to 0.7 mg. of ljsinc arc placed 
in 22- by 200-mm. test tubes graduated at the 25-ml. mark. The tubes arc cooled 
in an ice bath for 15 minutes. Then saturated Br 2 water is added drop by drop 
until a permanent color is seen. Add three drops excess and keep in the ice bath 
30 minutes longer. The excess Br, is removed by aeration for 10 minutes and the 
aerating tubes are rinsed down with 1.5 ml. of water. The tubes arc then placed 
in a water bath at 60*C. for 5 minutes and 7.5 ml. of 20% wt./vol. NaX0 3 (at 
60®C.) are added. The lubes arc removed one at a time and 2.5 ml. of Folio's 
phenol reagent 3 are added with mixing. After cooling to room temperature, the 
solutions arc diluted to 25 ml. and read in a colorimeter with CSO iom filter in 30 
minutes. 

Comment.— Arginine and NH 4 CI do not give a color, but if histidine is present, 
a correction must be employed. 

TYROSINE AND TRYPTOPHAN 3 - ■'•<>. 3 » 

Reagents. Sulfuric Acid, 5 N .— 25 g. H 2 S0 1 per ml. H..O. 

Precipitation Reagent.— Dissolve 75 g. HgS0 4 , 55 g. HgCl 2 , and 70 g. Na 2 S0 4 in 
a mixture of 850 ml. of water and 125 g. of H 2 S0 4 (68 ml. H 2 S0 4 , sp. gr. 1.84). 
Dilute to 1 liter. 

Washing Reagent.— Dilute the precipitation reagent with an equal volume of JV 

h 2 so 4 . 

Color Reagent.— Dissolve 12 g. of HgS0 4 and 9 g. of HgCL in a mixture of 600 
ml. of HoO and 100 g. of H 2 S0 4 (54 ml. H 2 S0 4 , sp. gr. 1.84), then add 500 g- 
more of H 2 S0 4 (270 ml.). Cool, dilute to 1 liter. 

49 Kibrick, A. C., Arch. Biochem., 20, 22-24, 1949. 

so Tyrosine and tryptophan can also be determined by their absorption of ultraviolet 
light. See footnote 51. 

si Bencze, W. L., and Schmid, K., Anal. Chcm., 29, 1193-1196, 1957. 
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Procedure, Hydrolysis-Use l to 3 ml. of 5 A' NaOH per 100 mg. of protein 
in -m oil bath at 110° to 125°C. for 5 hours. Neutralize the Itydioh/ate with . hi • 
o" 7 N H,SO, for each 2 ml. of 5 A' NaOlI used. Dilute to a convenient volume. 

Filter with the aid of kaolin if necessary. . . • 

Separation of Tyrosine and Tryptophan.-Pipei aliquots containing approx - 
mutely 0.3 to 0.6 nig. of tyrosine into iO-ml. graduated cenudugt imu « 
water to the 20-ml. mark. Then add 6 ml. of precipitation reagent and plate the 
tubes in a boiling water bath for 10 minutes. Cool the solutions and add 1 ml. of 
7 ,V H..SO,. Dilute to 10 ml. with water and add 10 to 20 mg. of d.atomateuus 
earth (Celite, Johns-Manville). Mis and centrifuge for 5 minutes. Pour the 
filtrates into Evelyn reading tubes. Wash die piecipilates with 10 ml. of washing 


reagent. 


Centrifuge and discard the washing. 


Determination of Tyrosine.— Add 1 ml. of d.8% NaNO._. to each tube. Mix ami 
read after 10 minutes. Read the color against water or an liydiolwate-rcagent 
blank with the NaNO._. omitted. Use a 52t)-m f , filter. Prepare a calibtation ante 
over the range of 0.15 to 0.80 mg. of tyrosine. 

Determination of Tryptophan.— Suspend the washed tryptophan mercury pietipi- 
tate in 10 ml. of color leagent (HgSO,-I IgCL) and plate the centrifuge tube in a 
50° to 55°C. water bath for 15 minutes. Centrifuge, Pour the supernatant solu- 
tion into an Evelyn reading tube. Wash the precipitate with 10 ml. of color reagent 
and, after centrifuging, add the clear liquid to the reading tube. Add 1 ml. of 
water. Put the reading tube in the photoelectric colorimeter and set the galva- 
nometer to the zero point. Then add l ml. of 3.15% NaNCA., mix the solution by 
inverting and note the maximum galvanometer deflection or leading at e.xaitly 30 
seconds. Use a -120-mg filter. In this way each tube is read against its own by* 
drolyzate reagent blank. The color fades quickly after the addition of NuNO... 

PH EX YLA I. A XI XE 3 

Procedure .— Transfer aliquots of the hydroly/ate containing approximately 0.75 
mg. of phenylalanine and an equal number containing twice this amount into 
eight 30-cm. procelain evaporating dishes. Evaporate to dryness on die steam 
bath, cool, and nitrate for 20 minutes on the steam bath with 2 ml. of 20% wt./vol. 
KNO, in concentrated FLSO.j. When the nitration is complete, pour the solu- 
tions into 25-ml. stoppered graduated cylinders. The final volume of each should 
not be over 12 ml. Cool to 0"C., and add 2.5 ml. of 30% wt./vol. NH..OH-UC1 to 
tlucc of the graduates of each set. 1 he fourth is used as the blank. Cool in itc. 
Dilute with cold concentrated NH.OH to the 25-mi. mark. Swirl while adding 
NH.cOM. Careful! Mix and allow the color to develop at room temperature for 
-15 minutes. Filter if necessary before the end of die wailing period. Read against 
the solution to which no NH,0H-I1C1 has been added. Use a 500-mu color filter 
Phenylalanine ranges front 0.5 to 2.0 mg. 

CYSTINE by the Wiiiterstein-Eolin Method 3 

Reagent. Phospho-18-tuugstic Achl.w-Dissolve 32 to 33 ml. of 85<>/ H PC) i„ 
bo ml of H 2? and add ,1)0 g ot N.UVO,, Hoi, Urn s„,uti„u/c„ I? , / h'o 
and dilute to oOO ml. Then add 3 to 5 «• of tvn . , • , / 1101,1 

minu le s. Oxidize with a liule bro, nine-water rmd boil o rau'oveTl t Z '!' ‘V* 
The reagent should give a negative test with tyrosine and with urea ^ * 

Folin, O., J. Biol. Client., 10G, 311-311, 193 . 1 , 
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Procedure. Hydrolysis.— Fifty to 250 nig. of protein ;nc hydrolyzed under reflux 
with 25 ml. of 18% wt./vol. HC1 for 5 to 7 hours or with an equal mixture of 18% 
wt./vol. HC1 and 90% wt./vol. HCOOII for 18 hours. At the end of the hydrolysis, 
the solutions arc evaporated to a thick sirup on the steam bath. This removes the 
excess acid and converts cysteine to cystine. The residues are dissolved in warm 
water, diluted to volume and fdtered through soft, dry paper. The solutions should 
react negative to the nitropiusside test. Decolori/e with a little carbon (Darco 
G-60) if necessary. 

Determination.— Two aliquots (U.I to 1.2 mg. of cystine) ate pipetted into 50-nil. 
stoppered graduated cylinders. The solutions ate brought to the 5-ml. mark with 
water. Five milliliters of saturated N'altCO., are now added. After mixing, 2 ml. 
of Folio's phospho-18-tungstic acid, previously diluted with an equal volume of 
water, are added, followed immediately with either 1 ml. of water (for the blank) 
or 1 ml. of freshly prepared 10% wt./vol. Na^SO.,. The solutions are mixed and 
the flasks are allowed to stand for 8 minutes. At the cud or this time, the solu- 
tions arc diluted to volume with water and read against the “blank" in a photo- 
electric colorimeter (photometer). Use a 520-m/i filter. Range 0.1 to 1.2 mg. of 
cystine. 


AtETHIOXIXh by the SuIlivan-MtCartby Method 11 

Reagents. Sodium Nitroprussidc, 10 r /o wt./vol.— Grind and make up in H 2 0 
at room temperature. Keep in brown bottle in refrigerator. 

Procedure.— Use 0.2 to 1.0 mg. of methionine in 1 to 7.5 ml. of solution and add 
H 2 0 to 7.5 ml. Then add 1.5 ml. of 5 *V NaOII. 1.5 ml. of 1% wt./vol. glycine, and 
0.3 ml. of Na nitroprussidc. Mix after each addition. Put in 11,0 bath at 37 e C. 
to 10 # C. for 15 minutes. Chill in an ice hath for 5 to 7 minutes. Then add 3.0 ml. 
of G X HC1 to each tube as it is removed from the icc hath. Let the HC1 run 
down the side of the tube and do not mix. Stopper. Place all tubes in a basket 
and shake together for exactly one minute. Let stand at room temperature for 15 
minutes and read against water using a 520 -uim filter. Prepare a reagent blank at 
the same time. If the hydroly/alc is colored, add all reagents except the nitro* 
prusside and read both reagent and hydioly/aic blanks against water, subtracting 
the two from the unknown. 

SF.ltiXE AXD T HR E OX IN E 5 

Reagents. Potassium Arseni te, 25 g./lOO ml. of water or sodium arsenile, 22 
g./lOO ml. of water. 

Sodium Hydrogen Sulfite, 2% wt./vol. 

Periodic Acid, 0.5 At. 11 1 g./I. 

Phosphate IluiTcr pH 7.2.— Make up as required, 30 ml. of KHoPO^ solution 
(18.156 g./I.) and 70 ml. of Na 3 HP0 4 solution (19.536 g./l.). 

Iodine.— Prepare standard 0.1 X I,. 

Starch Solution.— 0.5% in 20% NaCl. Lei stand overnight, filter, and store in 
lefrigerator. Preserve with thymol. 

Sodium Hydrogen Carbonate and Sodium Carbonate Saturated Solutions. 

Sodium Carbonate, 5% wt./vol. 

Apparatus .— Flow meter, concentrated H,S0 4 trap, 5% wt./vol. NaOH trap, 
oxidizing tube, two bisulfite tubes. Attach two or four adsorption trains in series. 

Procedure. Oxidation of Amino Acids and Distillation of CH 3 CHO.— An ali- 
quot of the neutralized hydrolyzate containing 2 to 7 mg. of threonine and 2 to 7 



Mil 


analysis of protein hydro i.yzates 

m „ of serine is placed in the oxidizing lube. Water is ad, led to 1U ml. The M- 
lowing reagents are added: 2 ml. of arseni.e solution, b ml. of plmsi hate buffer, 
and 2 ml. of 0.5 M HIO with swirling to prevent the formation of free r 
pH of this solution must be approximately 8 after the addition of all reage s 
The tubes are connected in series and the CII ;l CHO is aetated for a mim es a 
slow rate and then for 1 hour at a fairly rapid rate into 2 tubes each containing 
2 ml. of 2% wt./vol. NaFISO* and 20 ml. of water. At the end of the act.ition 
time, the contents of the bisulfite* tubes are washed quantitatively into an hrlen- 
meyer flask and titrated with I,, or the acetaldehyde is determined toionmeu tcally 

(cf. Alanine). , . . 

Distillation of HCHO.-Pour the contents of the oxidizing tube into a lOO inl. 

Kjeldahl flask (Folin and Wright.-' micrn-kjcldahl apparatus). Add a boiling 
stone and water to -JO to 10 ml. Then add with swirling 3 to I drops of 1:5 
vol./vol. FI., SO, to blue to Congo led paper to release the bound HCUO. Free 
iodine is formed, therefore, an excess of arsenite solution is added, usually l to — 
ml. The reaction tube is connected to the condenser and the mixture is distilled 
to about 5 ml. The distillate is collected in a receiver containing 50 ml. of water 
and -1 ml. of 2% wt./vol. NaFI.SO.,. The contents of tin’s receiver are titrated for 
serine with b or the formaldehyde is determined colorimeti icallv (r/. Glycine). 

Titration. Threonine .— Add 2 ml. of starch solution and remove the excess 
bisulfite with 0.1 A r L. Titrate to one chop beyond colorless. 'Then remove the 
blue color by adding one drop of 0.1 A' NaXA),. Bring back to a vciy faint blue 
color by adding 0.002 A’ I 2 . Release the bound bisulfite with 10 ml. of saturated 
NaFICO., and titrate quickly with 0.02 A’ F, until the blue color takes some time 
to disappear. Add 0.5 ml. of saturated NaX'O a and titrate until one diop produces 
a fairly permanent blue color. One milliliter of 0.02 .V L 1 .1*1 mg. of threonine. 

Serine .— Exactly the same method is used for the serine as for threonine except 
that 4 ml. of starch solution arc used and the saturated NaHCO., is replaced with 
5 ml. of 5% NaXO ;! . One milliliter of 0.02 A' l, 1.05 mg. of serine. 

GLYCINE a 

Reagents. Ninhydrin: 1% wt./vol. in water. 

Phosphate Buffer, pH 5.5.-.1.5 g. K.,PO. are added to 100 ml. of a 20% wt / vol 
solution of KHTO.,. 

Procedure.— Add to the oxidizing flask the following reagents: 1 to 5 ml. of alanine 
solution (0.05 to 0.10 mg. of alanine), 2 ml. of buffer, and 2 ml. of ninhydrin solu- 
tion. The solution is boiled for 15 to 50 minutes during which time the acetalde- 
hyde is aerated into the bisulfite with a gentle stream of air. Then 2 ml. more of 
ninhydrin are added and the solution is gently boiled 25 minutes longer Aeration 

is continued throughout. The bisulfite solution which now contains the acel‘ dde 
hyde is diluted to 10 ml. atctauic- 

Color Development.— Pipet l ml. of bisulfite solution which contains acet aldebvd, 
equivalent to 0,002-0.008 mg. ot a into a reach,,.. tube A t « ' 

alUaw the color to develop overnight. The color ij '7l“ 

” Folin, 0„ and Wright, L. E„ J. Biol. C hem„ 38, 101-161, 1310. 
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HYDROXYPJiOUXE 81 

Reagents. Copper Sulfate, 0.01 ,1/. 

Sodium Hydroxide, 2.5 N. 

Hydrogen Peroxide, 6% vol./vol. 

Sulfuric Acid, 3.0 N. 

p-Dimcthylaininobcnzaldehyde 5 Co wt./vol. of rccryslallizcd, in 1-propanol. 

Procedure.— Standards in duplicate: 1 ml. containing 5 /jg. of hydroxyproliue, I 
ml. containing 10 pg. of hydroxyproliue, 1 ml. containing 15 /ig. of hydroxyproliue. 
Unknown, 1 ml. of hydroly/ate. 

To each test tube add 1 ml. of CuSO v 1 ml. of N'.iOH, and 1 nil. of H 2 0 3 . 
Shake intermittently for 5 minutes: then place in an SO'C. water bath fora minutes 
with vigorous shaking. Cool in ice bath and add 1 ml. of fLSO.,. Mix. Heat in 
70°C. water bath for 16 minutes: cool in water. Read using 5 JO-mp filter against 
a water blank. 

Martin and Axchod 85 have modified this method as follows: Use 2 ml. of hy- 
droxyproline solution. Add 0.1 ml. of 20 M FcS0 4 in 0.5% vol./vol. H^SOj to re- 
move excess H«0». Shake for G minutes. Mix CuS0 4 and NaOII just before use. 
Add HoSOj and p (CH 3 ) 3 NC a H 4 CHO simultaneously. Increase the concentration 
of H 2 S0 4 from 3 N to 1 ,Y. Decrease the concentration of /}-(CH 3 ).,NC a H 4 CHO 
from 5% to -1%. 


MISCELLANEOUS METHODS 

Assays for amino acids employing microorganisms (microbiological methods) were 
very popular during the decade following 1915. However, these microbiological 
procedures have now been largely supplanted by the chromatographic methods 
given eailier in this chapter. Details of the microbiological techniques can be 
found in the monograph by Block. 4 

When a large number of routine assays ate to be carried out for either arginine, 
histidine, lysine, or glutamic acid, advantage may be taken of the fact that specific 
L-amino acid decarboxylases for these four amino acids arc commercially available 
(Worthington Biochemical Corporation, Freehold, N. J.). The quantity of carbon 
dioxide liberated from each amino acid is measured in any convenient fashion ( cf . 
Gale, 58 Frank and DeMoss,* 7 for directions). Because the L-amino and decar- 
boxylases or the bacteria usually employed respond only to the L-amino acids, useful 
information can be gained if the same hydrolyzatc is analyzed by both micro- 
biological and chemical (including ion exchange) methods. Then the chemical 
method will give the total quantity of the amino acid present, whereas the micro- 
biological or enzymatic techniques will give the amount of L-amino acid. As an 
initial assumption, the remainder can be considered to be the corresponding o-amino 
acid. 

The availability of commercial gas chromatography equipment has encouraged 
a number of investigators to attempt to convert quantitatively the amino acids 
into volatile derivatives (esters, acyl esters, aldehydes, amines). When this can be 
accomplished, one would anticipate that gas chromatographic techniques will sup- 
plant many of the procedures now used. 

5* Neuman, R. E., and Logan, M. A., J. Biol. Chcra., 184, 299-SOG, 1950. 

ss Martin, C. J., and Axelrod, A. E., Proc. Soc. Exptl. Biol. Med., 83, 161-462, 1953. 

58 Gale, E. F., Biochcm. J., 39, 40-52, 1915. 

57 Frank, L. H., and DeMoss, R. D., Arch. Biochcm. and Biophys., G7, 387-307. 1957. 
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BITUMINOUS SUBSTANCES, 
INCLUDING ASPHALTS, 

TARS, AND PITCHES 

By Herbert Abraham 
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Indianapolis, 1ml. 


PART I 

EXAMINATION OF CRUDE, REFINED , 
AND BLENDED BITUMINOUS 

SUBSTANCES 


The methods ordinarily used lor examining bituminous substames and their mix- 
tures may be grouped under lour headings: 

(1) Physical characteristics. (2) Thermal tests. 

(3) Solubility tests. (1) Chemical methods of examination. 

In general, these tests may have one or more of the following objects in view: 

(a) To serve as a means of identification. 

(b) To ascertain the value of the substance for a given purpose. 

(c) To gauge its uniformity of supply. 

(d) As an aid to factory control in its preparation, refining, or bleiulhm. 

(e) As a criterion of its quality. 

The most important methods of testing are given in Table 28-1. 

Table 28-2 gives a list of the principal bituminous substances, together with 
such of their physical and chemical characteristics as will enable them to be dis- 
tinguished, one from another. 
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Tmux 28-1 


Description 

For 
Pur- 
poses of 
Identi- 
fication 

Adapta- 
bility 
for a 
Given 
Pur- 
pose 

Gaug- 

ing 

the Uni- 
formity 
of 

Supply 

Pur- 

poses 

of 

Factory 

Control 

As a 
Crite- 
rion 
of the 
Qual- 
ity * 

Physical Characteristics: 






Fracture 

YESt 

— 

— 

— 

— 

Streak 

YES 

Yes 

— 

— 

— 

Specific gravity 

YES 

— 

Yes 

Yes 

— 

Viscosity . 

— 

YES 

Yes 

Yes 

— 

Penetration (Hardness) 

YES 

YES 

YES 

YES 

— 

Ductility 

— 

YES 

Yes 

Yes 

— 

Thermal Tests: 






Fusing or softening point 

YES 

YES 

YES 

YES 

— 

Volatile matter 

Yes 

YES 

YES 

YES 

Yes 

Evaporation test . .... 

Yes 

YES 

Yes 

Yes 

Yes 

Flash point 

— 

YES 

YES 

YES 

Yes 

Fixed carbon 

YES 

— 

— 

— 

— 

Distillation test 

Yes 

YES 

YES 

YES 

Yes 

Solubility Tests: 






Solubility in carbon disulfide. . 

YES 

YES 

YES 

— 

YES 

Carbenes 

Yes 

— 

Yes 

Yes 

YES 

Solubility in petroleum naphtha . . 

YES 

Vo 

Yes 

Yes 

— 

Free carbon in tars 

YES 

Yes 

Yes 

— 

— 

Chemical Tests: 






Water 

Yes 

— 

— 

— 

YES 

Oxygen in nonmineral matter . 

YES 

— 

— 

— 

— 

Solid paraffins 

YES 

— 

— 

— 

— 

Sulfonation residue 

YES 

— 

— 

— 

— 

Saponifiable matter 

YES 

— 

Yes 

— 

YES 

Diazo reaction 

YES 

— 

— . 

— 

— 

Anthraquinone reaction 

YES 

— 

— 




* Purity; care exercised in its preparation; and intrinsic value, 
f YES (capital letters) indicates test of greatest usefulness. 
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The commonly used tests for bituminous materials have been stamlattli/eil by 
t htf Amcricm°Sockty for Testing ™l M*cri>b (ASTM) and are P-Mi— »•«- 

and Methods of Sampling and Testing," published by the American Association c> 

State Highway Officials (AASHO). ... 

British practice in the testing of bituminous materials of coal-tai origin is con- 
tained in -Standard Methods for Testing Tar and Its Products," published by the 
Standardization of Tar Products 'Pests Committee. Oxfoid Road, Gomersal. nr. 
Leeds, England. 

The sampling of bituminous materials is covered in ASTM DMO-fm. 


PH YS ICA L CHA R ACT E R 1ST I ( :S 


FRACTURE 

This is ascertained upon cleaving the specimen by subjec ting it to a sliaip blow 
and examining the cleavage surface. Only hard and "brittle" bituminous sub- 
stances will yield to this test, including the hard asphalts and asphahites. The 
fracture may appear either conchoidal (loundcd and curved like a shell), or hackly 
(jagged, irregularly and rough). 

STREAK 

This represents the color of the powder which is left behind on chawing a 
piece of the solid bituminous material across the surface of ungln/ed porcelain. 
Hard bituminous materials only will yield to this test. The stieak may be classi- 
fied as white (where no streak is visible), yellowish, yellowisli-biowii, brown, blown- 
ish-black, and black. 


SPECIFIC GRAVITY 

Hydrometer Method .— Where speed is essential and great accuracy not reejuired, 
the specific gravity of sufficiently fluid bituminous materials may be determined by 
a hydrometer. The scale shall be divided into 0.001 of a unit and the dimen- 
sions of the hydrometer shall conform to the following specifications: 


Dimension, 

mm. 


Length of stem 123 

Length of bulb 105 

Length of scale SO 

Diameter of stem (, 

Diameter of bulb 22 


Pa in is si hie 
Variation, mm. 

±6 

±5 

±4 

±0.5 

±1 


The hydrometer cylinder used shall have a length of approximately 300 mm. and 
an inside diameter not less than 32 mm. 

This method is standardized as ASTM D3G8-33. 

Pycnometer Method .- This method is suitable for •. v, i • 

,c™, s including load oils, road ,a, aspbau "/' l r pST" 

The pycnometer used shall be a glass vessel of cvlindrif.1 ,«■ • \ , 
to receive an accurately liuil.g glass stopper approximately lo^mTinT 
Tlu; stopper shaU be provided wii a ill apprj^l^ 



Table 28-2. Synoptical Table of the Most Important Distinguishing Characteristics of Bituminous Substances 
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diameter, centrally located in relocate to the vertical axis. The stopper pycnom- 
eter shall have a capacity of about 21 to 30 ml. and shall weigh not more than 4 
ounces. 

The clean, dry pycnometer is weighed to the nearest milligram on an analytical 
balance and tiiis weight designated as a. Then fill the pycnometer with freshly 
boiled distilled water, firmly insert the stopper, and completely immerse the 
pycnometer for not less than 31) minutes in a beaker of freshly boiled distilled water 
maintained at 25*C. With the pycnometer and its contents at a temperature of 
25®C., expose the top of the stopper and immediately wipe the water from the 
top of the stopper, so that this surface is dry ami the itieniscus of water in the 
bore is Hush with the top of the stopper. Remove the pycnometer from the 
beaker of distilled water. The pycnometer may then he chilled to a temperature 
slightly below 25 a C. Wipe all moisture from the outer surface of the pycnometer 
with a clean, dry cloth and weigh the pycnometer immediately. Designate this 
weight as b. 

When determining the specific gravity of road oils or tars that flow readily, 
bring the material to a temperature of 2y*C. ami pour into the pycnometer until 
it is full, taking care to prevent the inrhisimi of air bubbles. Firmly insert the 
stopper and with the pycnometer and contents at 25 S C., force all excess material 
through the opening, and carefully remove with a clean dry cloth. Weigh dtc 
pycnometer and contents and designate this weight as c. 

Calculate the specific gravity as follows: 

Specific gravity = 7 

o — a 

When determining the specific gravity of tar and asphalt products that are too 
viscous for die method described above, bring a small amount of the material to a 
fluid condition by the gentle application of heat. When the sample is sufficiently 
fluid pour enough into the clean, dry, slightly wanned pycnometer to about half 
fill it. l ake precaution to keep the material from touching the sides of die 
pycnometer above the final level and to prevent the inclusion of air bubbles. 
Cool the pycnometer and contents to room temperature znd weigh with the 
stopper. Designate ibis weight as c. Kill the pycnometer with freshly boiled dis- 
tilled water and firmly insert the stopper. Completely immerse the pycnometer 
for not less than 30 minutes in a beaker of freshly boiled distilled water maintained 
at 25'C. and follow the same procedure as described above in obtaining the 
weight of the water-filled pycnometer. Designate the final weight as </. 

Calculate the specific gravity as follows: 

Specific gravity = 

This method is standardized as ASTM D70-52. 

Displacement Method — This method is suitable for asphalts and tar pitches 
sufficiently solid to be handled in fragments. The sample is melted and poured 
into a pitch mold to form a Y> in. cube. Then tare the balance with a piece of 
fine waxed silk thread sufficiently long to reach from die hook an one of the pan 
supports to the straddle or rest. Attach the sample cube to the dircad, so as to 
be suspended about 1 in. above the straddle from the hook on the pan support 
and weigh to the nearest 0.1 mg. Designate this weight as a. Weigh the sample 



(K r >7 


EXAMINATION OF BITUMINOUS SUBSTANCES 

2SA5S! s.?s. rs ;=; ; si “S 

fast removed with a fine wire. Designate this weight as b. 

Calculate the specific gravity of the material as follows. 


Specific gravity 


a 

a — h 


This method is standardized as ASTM D7 

VISCOSITY 

Snybolt Method -This method, which is described in Chapter H>, is commonly 
used for petroleum products. For use at temperatures fioin 70 J to 210 F„ it 
standardized as ASTM 1)88-5(3. and for use from 250* to -150*1-'. as ASTM FH>2-5/. 

Engler Method .— This method provides a procedure for determining specific 
viscosity of tars and their fluid products, it does not determine absolute viscosity, 
but is an empirical How test. Only by conforming strictly to requirements of tire 
method are reproducible results obtained. 

Englcr specific viscosity is the ratio obtained by dividing the time of How, in 
seconds, of 50 ml. of material using an Engler viscosimeter at a selected tempera- 
ture by a factor representing the lime of How, in seconds, for an equal volume 
of water at 25°C. The usual temperatures for determination of specific viscosity 
of tar materials are 25 °C3. (77°F.). 40*C. (lUT'F.) 50’C. (I22T.), and lOO’C. (212*1-.). 
and generally the temperature is so selected that the specific vistosils is not more 
than 45. This method is standardized as ASTM l)l(>fi5-(il and AASUO 1’51-fid, 
and is performed as follows: 

Apparatus .— The apparatus shall consist of the following: 

(a) Engler Viscosimeter.— The Engler viscosimeter, as shown in Fig. 281. shall 
consist of the following: 

(1) Cup.— This is a gold-plated cylindrical brass vessel of HH5.0 1.(1 mm,. A. 

inside diameter, closed at the top by a double-walled lid. To the rounded bot- 
tom is attached a metal-encased tapered platinum elllux tube 20.0 * 0.1 mm.. 11, 
long with an inside diameter of 2.90 ± 0.02 mm., E. at the top and 2.80 0.02 
mm., F, at the bottom. The elllux tube shall project through and extend 8.0 0.2 
mm., G, below a jacket that surrounds the cup and shall have a bottom outside 
diameter, including its surrounding metal, of -1.5 ^ 0.2 nun., /. Three metal 
measuring points, spaced equidistantly around the circumference of the cup, arc- 
fastened to the sides and extend inwardly approximately 7 mm., then turn up at a 
right angle and end in sharp points which are located 52.0 -m 0.5 mm.. 1), vertically 
above the lower end of the efflux tube and 25.0 ± 1.0 mm.. C, above the lowest 
portion of the cylindrical sidewall of the cup. They serve both for indicating 
when the instrument is level and lor measuring the charge of material, which is 
approximately 250 ml. 

(2) Jacket.- The cup is surrounded by a jacket which holds water or other suit- 
able liquid serving as a constant temperature bath. In the type illustrated, the 
jacket is provided with a thermometer clamp and stirring device. A tripod sup- 
ports the apparatus and also carries a ring burner by means of which the bath is 
heated. Adjustable legs on the tripod serve to level the instrument. Other ar- 
vangements of oucer baths, supports, and stirring devices are acceptable, especially 
when it is desired to use more than one standardized cup in a single bath. 




958 




examination of bituminous substances 


<I:VJ 


(3) SWPP c-r.-Tho cfllux tube in the cup fa closed Open'S be 

“° f ’ tap-ltaMwoodstop^M.n.b o^tc. the ,u k o, jh . n te a 


Wl 

sus 
smooth. 


pended by its brass pin from the hook on the cover, 
ooth. round wooden rod, ISO turn, long and 8 nun. m dni 


stoppi 

uneter. with a No. 15 


200 


graduation mark shall be 55 ~= 5 nun., 
L, above bottom of flask (Non:). 

Note.— Graduated ci finders, if carefiilfy 
calibrated, may be found desirable to use 
for routine testing. 



Reinforcing Bead 


brass tvh, pin 20 mm. long inserted diametrically thruu^ dm tod M t, point M 
mm from the lower end, and tapciccl uniform!) helo ^ 5 > . 

cuhV Plane 1 G to 2.0 mm. in diameter. Above the pin the rod shall be planet! o 
■nooved on four sides to a depth of 1 mm. to prevent any possible resutu.on of 

O 

air flow. 

(b) Receivers.— Two types are re- 
quired as follows: 

(/) Testing /<"/(«/;.— The receiving flask 
for regular testing (Fig. 28-1) shall be of 
glass with a capacity up to the gradua- 
tion mark on its neck of 50 i 0.05 ml. 
at 21FC. At the graduation mark, the 
inside diameter of die neck of the Mask 
shall be 10 ~ l nun., N. The cylindrical 
portion of the neck of the ila.sk shall 
extend not less than 3 nun., 31, above 
and below the graduation mark. This 


■151.0. 


Capacity Mark (Ring) 


Volumetric 
\ Tolerance iO.lOrnl. 

TC \ 

200ml. ] 

20 ’C /i 


. — 

74 OD { 

r'— . - *-s 

Appro*. 

■Dimensions ore in Millimeters - 

Fk.. 23-2. Kohlr.iusch Mig.u M.isk. 


for 


(2) Calibration flash.— Vox standard- 
ization purposes there shall be available a Kohlruusch flask. , Fig. 2,3-2, with top en- 
larged above the graduation mark and calibiated to contain 20(1 ± U.l ml. at 2U'C. 

(c) Thermometers.- ASTM Fngler viscosity thermometers 23'. 21% and 25 V C as 
required, and conforming to the requirements lor these thermometers as specified 
in the Specifications for ASTM Thermometers (ASTM FI). 

(d) Timer.— Stop watch or other timing device graduated in divisions of 0.2 sec- 
onds or less, and accurate to w'itliin 0.1 ( ’(, when tested over a fiO-muiiile period. 

(e) Strainer.— No. 50 ASTM sieve conforming to the .Specifications for Sieves l 
Testing Purposes (ASTM Ell). 

Preparation of Sample.— Stir the sample until it is homogeneous, using heat if 
necessary. Avoid inclusion of air bubbles, loss of volatile or other effects, which 
may influence the viscosity. Strain a representative portion of the sample through 
the sttainet to eliminate particles, and proceed in accordance with Procedute (be- 
low). Strain the material directly into the viscosimeter if preferred. 

Standardization and Calibration of Viscosimeter.— The eillttx time for °()0 ml 
of chstdled water at 20.tr C. with an acceptable Fngler viscosimeter shall lie between 
jO.O and 5 .0 seconds. Determine this time and the factor representing the dllttx 
trn^for oO.O ml. of water at 25.0‘C.. as described in the following pat^hf ^ 

(«) Clean the inner vessel and efflux tube of the viscosimeter with appropriate 
solvents, and fimsh by washing several times with pure methyl or 95-/ e y iko 
h°l and rinsing several times with distilled water (Note). * J 
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Note.— In cleaning the viscosimeter take particular precautions to avoid injur) to the 
efliux tube and measuring points. Use onl) a soft cloth in the cup, and soft tissue in 
the clilux tube. Avoid wires or similar substances and corrosive liquids. To prevent an 
air seal, keep the lid ami Up of the cup clean at all times. After a viscosimeter has been 
used with bituminous materials, pa) particular attention to cleaning the metal surround- 
ing the bottom end of the efliux lube. Failure to do this may cause erratic ami er- 
roneous results. 

(b) Immcdiatcl) after cleaning the viscosimeter, close the efliux tube Vvith a 
stopper which has never been in contact with tar. oil, or similar materials. Fill 
the outer bath with water at slightly below or above 20'C. as found necessary to 
maintain the inner temperature at 20* C. Fill the inner vessel approximate!) to 
the top of the fixed gauge points with freshly Iroiled distilled water at 20.0’C, 
Level the instrument so the tips of the gauge points lie in a plane parallel to die 
surface of the water, and add or remove water with a pipet until its suiface is even 
with the extreme tips of all gauge points. Place the lid and thermometer in posi- 
tion and maintain the inner temperature at 20.0*C. for at least 3 minutes with fre- 
quent stirring: agitate the contents of the inner cup by holding the stopper firrnl) 
and rotating the cover back atid forth and around, occasionally stirring the outer 
bath. Dry the bottom of the clilux tube and the area surrounding it by wiping. 
Carefully lift the stopper until water runs into and completely fills the efliux tube, 
and adjust until a hemispherical drop about 1.5 mm. in diameter hangs from and 
covers the lower end of the tube. Then allow to stand without agitation for 1 
minute. 

(c) Place a dry calibration flask 210 ± 10 mm. below the discharge end, and ad- 
just it so the flow will strike the narrow portion of the neck of the flask near or 
slightly below the calibration line. Start the timer and simultaneously withdraw 
the stopper, suspending it by the lid hook. Determine the lime, in seconds, for 
flow of 200 ml. Repeat this determination, starting the flow under conditions 
described above until at least three successive determinations, varying not more 
than 0.2 second, arc obtained. If the results obtained from three or more tests 
do not check within 0.2 seconds, clean the viscosimeter again and make additional 
trials, until three or more results agree within 0.2 second. 

(d) Make another scries of determinations as above, starting with the instrument 
freshly washed with alcohol, then with distilled water and refilled as before. The 
average results from the second series shall agree with the average from the first 
series within 0.2 second. Take the efflux time for 200 ml. at 20.0*C< as the mean 
of the averages of at least two scries of determinations agreeing within 0.2 second. 
This time for an acceptable viscosimeter shall be between 50.0 and 52.0 seconds. 

(e) Make additional runs as necessary, beginning with a newly cleaned viscosim- 
eter until two successive series are in substantial agteement. 

(/) The factor representing efliux time for 50 ml. of water at 25.0 0 C. has been 
found to be equivalent to the efflux time for 200 ml. of distilled water at 20.0*C. 
multiplied by 0.224. 

Procedure.— (a) Thoroughly clean and dry the cup and outlet tube of the vis- 
cosimeter as described jit the preceding section, paragraph (<?), and insert the 
stopper. Fill the outer bath and bring it to the required temperature of test. 
Maintain the bath not more than 1°C. high for tests at 25*C., 40°C., or50 c C., and 
not more than 2 # or 3®C. high for tests at 100°C. 

(b) Pour the material into the cup until it exactly reaches die tops of the three 
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measuring points when the instrument is level. Position the 50-ml. testing Mask so 
that the bottom of the flask is 130 ± 5 nun. below the thscharge end of tin. tflHix 
tube, and adjust it so that the diluent will strike the narrow portion of the mtk 
of the flask near or slightly below the calibration line. . 

(c) Place the lid and inner thermometer into position and maintain the bain, 
with frequent agitation, at such a temperature that the material in the viscosimeter 
cup remains at the test temperance. Maintain these conditions for 3 minutes. 
Check the accuracy of the temperature reading by holding the stopper firmly in 
position and rotating the cover at short intervals during the fiisl ‘2 minutes, but 
do not disturb the material during the last minute. When these conditions base 
been met, withdraw the stopper from the efflux tube, simultaneously statt the 
timer, and suspend the stopper by the* hook on the cover. Deteiiuine the time in 
seconds for 50 ml. of material to flow from the viscosimeter (Non). 


Note.— O nce the material has started to flow through the efflux tube, do not toe the 
ring burner, but maintain the required teinperatuie by the addition oi ionm.il of wan t 
at suitable temperatures, or by an auxiliary burner momemauh dim led at the outside 
cylindrical portion of the water jacket. 

Calculation.— Calculate the Engler specific viscosity by dividing the time of flow 
for 50 ml. of material at the selected temperature by the factor, as previously de- 
termined, according to the following formula: 


Engler specific viscosity at t°C. ~ 


set*, for flow of 50 ml. at / 
factor 


where t — selected temperature of test, in degrees Centigrade. 

Results should not differ from the mean by more than die following amounts: 


Repeatability (one operator and apparatus). 4% 

Reproducibility (different operators ami apparatus) 6% 

Float Test. Ibis procedure is used largely for testing the viscosity or consistency 
of semisolicl bituminous materials. The range of the test is limited', and it cannot 
be used with very fluid bituminous materials or with hard solids. It accordingly 
fills the gap between the Engler or Sayholt viscosimeter, on the one hand, and the 
needle penetiometer, on the other. I he test may be used on material containin'' 
finely divided mineral matter as free carbon. ' 

I he procedure has been .standardized as follows as AS i'M D131M9. 

The float (I*ig. 28-3) shall be made of aluminum or aluminum allov and >irdl 
he in accordance with the following requirements: 


Weight of float, 

Total height of float, mm 

Height of rim above lower side of shoulder, mm 

Thickness of shoulder, mm 

Diameter of opening, mm 


3 (itiimum 

Normal 

Maximum 

. 37.70 

37.00 

38.10 

. 34.0 

35.0 

36.0 

■ 26.5 

27.0 

27.5 

. 1.3 

1.4 

1.5 

. 1 1.0 

11. 1 

11.2 


The collar shall be made of brass 
requirements: 


and shall be in accordance 


with 


the following 
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Minimum 

Normal 

Maximum 

Weight of collar, g 


9.80 

10.00 

Over-all height of collar, mm 

22.3 

22.5 

22.7 

Inside diameter at bottom, mm 

12.72 

12.82 

12.92 

Inside diameter at lop, mm 

9.65 

9.70 

9.75 


The top of the collar shall screw up tightly against the lower side of the shoulder. 
The assembled float ami collar, with the collar filled Hush witli the bottom and 
weighted to a total weight of 33.2 g., shall float upon water with the rim 8.5 ± 1.5 



Fig. 28-3. Float Test Apparatus. 

mm. above the surface of the water. Dimensions of the apparatus additional to 
those required above arc given in Fig. 28*3. The thermometer shall be graduated 
in either Centigrade or Fahrenheit degrees as specified, the ranges being —2* to 
-f80 , C. or +30° to -f-I80°F., respectively. The diameter of the bath and the depth 
of water shall be at least 185 mm. 

The brass collar shall be placed with the smaller end on a brass plate which 
has been previously amalgamated with mercury by first rubbing it with a dilute 
solution of mercuric chloride or nitrate, and then with mercury. 

The sample shall be completely melted at the lowest possible temperature that 
will bring it to a sufficiently fluid condition for pouring, excepting creosote oil 
residues, which shall be mixed and poured at a temperature of 100° to 125®C. B 
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shall be stirred thoroughly until it is homogeneous and free from air bubbles 
The sample shall then be poured into the collar in any convenient manner until 

sliahtlv more than level with the top. , , 

Asphalt and Asphalt Products.-Asph.-ilt and asphalt products shall be cooled 

to room temperature for 15 to GO minutes, placed in water maintained at a 
for 5 minutes, after which the surplus material shall he removed by means of a 
spatula, or steel knife, which has been slightly heated. 'I he collar and plate dull 
then be placed in a tin cup containing ice water maintained at t> a -± 1 'U, and left 
in this bath for at least 15 minutes and not more than 50 minutes. 

Tar Products.— Tar products shall be immediately immersed in ice water main- 
tained at 5°C. for 5 minutes, after which the surplus material shall lie removed 
by means of aspatula or steel knife, which has been slightly heated. The collar 
and plate shall be placed in a tin cup containing ice water maintained at 5* ^ 1*C., 
and then left in this bath for at least 15 minutes and not more than 30 minutes. 

The bath shall then be filled with water and the water heated to the tempera- 
ture at which the test is to he made. This temperature shall be accurately main- 
tained without stirring and shall at no time throughout the test be allowed to 
vary more than 0.5°C. from the temperature specified. The temperature shall 
be determined by immersing the thermometer with the bottom of the bulb ;u a 
depth of -10 ± 2 mm. below the surface. 

After the material to be tested has been kept in the water bath at 5 C. for not less 
than 15 minutes nor more than 30 minutes, the collar with its contents shall be re- 
moved from the plate and screwed into the aluminum float anil immersed in water 
at 5°C. for 1 minute. Any water shall then be removed from the inside of the float 
and the latter immediately floated in the warm bath. As the plug of material be- 
comes warm and fluid, it is forced upward and out of the collar until the water 
gains entrance into the saucer and causes it to sink. 

The time in seconds between placing the apparatus on the water and when the 
water breaks through the material shall be determined by means of a slop watch 
and shall be taken as a measure of the consistency of the material under exami- 
nation. 

Mote.— S pecial precautions should be taken to ensure the collar fitting lighilv into the 
float and to see th.it theie is no seepage of water between the collar and float durtti ,f the 
test. 


PENETRATION TEST 

The penetration of a bituminous material is the distance in tenths of a milli- 
meter that a standard needle pencrates vertically into a sample of the material un- 
der fixed conditions of temperature, load and lime. 

A pparat us.— The apparatus shall consist of the following: 

Penetration Appar.atus.-Any apparatus permitting movement of the spindle 
without appreciable friction and which is accurately calibrated to yield results in 
accordance with the description of the term peneration will be acceptable. When 

* e „ nee( ^ 1S mountC(l in a ferrule, the weight of the moving spindle slrdl he 
47 .d±°.° 5 g. Regardless of the type of mounting of the needle, the total wei-du 
of the needle and spindle assembly shall be 50.0 ± 0.1 g. Weights of 50 00 J 
g. and 100.00 ± 0.05 g. shall also be provided for tout! toads of m »' 1 ul ?00 * 
depending upon the conditions of test to be applied " s ‘ 

Needle;— The needle, Fig. 28-4, shall be made from fully hardened •„„? ,, i 

stainless steel, grade -HO-C or equal, Rockwell hardness C 57 to CO It shinTe 
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1 For tests at 77°F. (25“C.) use an ASTM Saybolt Viscosity I lu-rinoincter 1 / T. 
(or 17°C.) having a range of 68“ to 80“F. (19* to 27-C.). The thermometer si, all be 
immersed in die bath laO i 15 mm. 

o. For tesls at B2“F. (0°C.) and .19.2° K. (-rC.) use AS I'M Precision the mom- 
eter 63°F. (or 63°C.) having a range of 18“ to 89 °F. (-8'* to 32“ C-). the thermom- 
eter shall be immersed in the bath 150 a; 15 mm. „ . 

B For tests at il5°F. (46.UC.) use ASTM Precision Thermometer blT (or b*i (<-) 
having a range of 77“ to 18 IT. (25° to 55“C:.). The thermometer shall be im- 
mersed in the bath 150 ± 15 mm. 

4. Since the accuracy of the tests results is dependent upon closely continued 
temperature conditions, the thermometer used for the water bath should be ami- 
rately calibrated by the Method for Inspection, Test and Standardization of 
Ftched-Stem Liquid-in-Gluss Thermometers (ASTM K77). 


Timing Device.-A stop watch graduated in 0.1-second intervals or an audible 
seconds counter is recommended for use with a hand-operated penetrometer. An 
automatic calibrated timing mechanism attached to the penetrometer may be lived. 

Preparation of Sample .— Heat the sample with tare to prevent lot.,1 overheating 
until it has become fluid. Then with constant stirring raise the temperature ot 
the asphalt sample 177°F. (8()“C.) to 19TF. (90C.) or the tar-piith sample not more 
than 100° F. (56“C.) above its softening point, determined in accordance with the 
Method of Test for Softening Point of Bituminous Materials (Ring-and-B.d! 
Method) (ASTM DBG). Avoid the inclusion of air hubbies. Then pour it into 
the sample container to a depth such that, when cooled to the temperutuic ol icm, 
the depth of the sample is at least 10 nun. greater than the depth to which the 
needle is expected to penetrate. Pour separate samples for each variation in test 
conditions. 

Loosely cover each container and its contents as a protection against dust, and 
allow to cool in an atmosphere at a temperature not higher than H"»‘F. (29.5“C) 
and not lower than 70“ I'. (21 °C.) for not less than ll-j nor more than 2 hour, when 
the sample is in a G-ounce container and for not less than 1 nor more than 
hours when the sample is in a J-ouute container. Mien place* the* sample in the 
water bath maintained at the prescribed temperature of test, along with the- trans- 
fer dish if used, allow it to remain for not less than H-j nor more than 2 (touts 
when the sample is in a G-ouuce container, and for not less than 1 nor more than 
He hours when the sample is in a B ounce container. 


Test Conditions .- Where the conditions of test are not specifically mentioned, 
the temperature, load, and time are understood to be 77° F. (25 “('..). 100 g.. •} sec- 
onds respectively. Other conditions of temperature, load, and time mav be used 
for special testing, such as: 


Temperature 

Load, 

Time, sec. 

32°F. (0°C.).. 

... 200 

60 

39.2°F. (4°C.) . . . 

... 200 

60 

115°F. (46.1 °G.) . . . . 

... 50 

5 


In such cases, the specific conditions of test shall he reported 
Procedure .- Unless otherwise stated, place the 50- vveitrlit 
making the total load of 100 g. for the needle and auachmeut. 


above the needle, 
II tests are made 
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approximately 50.8 mm. (2 in.) in length and 1.00 to 1.02 mm. (0,0394 to 0.0402 in.) 
in diameter. It shall be symmetrically tapered at one end to a cone whose angle 
shall be within the range of 8* 40' and 9° 40' over the entire cone length from full 
needle diameter, and whose axis shall be coincident with the needle axis within 
0.0005 in. maximum runout (total indicator reading). After tapering, the point 
shall be ground off to a truncated cone, the smaller base of which shall be from 
0,14 to 0.16 mm. (0.0055 to 0.0063 in.) in diameter. The truncation shall be square 
with the needle axis within 2°, and the edge shall be sharp and free from bum. 
I he sin face ol the truncation shall be finished to a smoothness of 8 micro-inches 
(rms). The exposed length of die needle when mounted in the chuck of the 
penetration apparatus or in a ferrule shall be approximately 41.27 mm. (1% in.). 
When the needle is mounted in a ferrule, the ferrule shall be a cylindrical rod, 

approximately 3.18 mm. (I V* in.) in 
diameter and 38.1 mm, (1.5 in.) long, 
made of stainless steel or brass, in 
which the needle shall be rigidly and 
coaxially mounted. The weight of the 
ferrule-needle assembly shall be 2.50 =b 
0.05 g. (A drill hole is permissible at 
the end of the ferrule to control 
weight.) 

Container.— A container, in which 
the sample is tested, shall be made of metal or glass, cylindrical in shape, and 
have a flat bottom. The contatnei to be used for materials having a penetra- 
tion of 200 or less shall have a nominal capacity of 3 ounces; its inside dimen- 
sions shall be essentially as follows: 55 mm. (2.17 in.) in diameter and 35 inm. 
(1.38 in.) in depth. The container to be used for materials having a penetra- 
tion greater than 200 shall have a nominal capacity of 6 ounces; its inside dimen- 
sions shall be essentially as follows: 70 mm. (2.75 in.) in diameter and 45 mni. 
(1 77 in.) in depth. 

Note,— Containers know n as tin boxes oi as seamless ointment boxes may be obtained 
in dimensions conforming to the above requirements. 

Water Bath.— A water bath maintained at a temperature varying not more than 
0.2°F. (0.1 °C.) from the temperature of the test. The volume of water shall not be 
less than 10.1. The height of the bath shall be such that the sample can be im- 
mersed in the water to a depth of not less than 10 cm. (4 in.) and be supported 
on a perforated shelf not less than 5 cm. (2 in.) from the bottom of the bath. Do 
not allow the water bath to become contaminated with oil or slime. Brine may be 
used in the water bath for determinations at low temperatures. If penetration tests 
are to be made without removing the sample from the bath, a shelf strong enough 
to support the penetration apparatus shall be provided. 

Transfer Dish for Container.— When used, the transfer dish for die container 
shall be a cylinder with a flat bottom made of glass, metal, or plastic. It shall be 
provided with some means which will ensure a firm bearing and prevent rocking 
of die container. It shall have a minimum inside diameter of 90 mm. (3.5 in.) and 
a minimum depth above the bottom bearing of 55 mm. (2.17 in.). 

Thermometer for Water Bath.— The following thermometers conforming to the 
requirements prescribed in the specification for ASTM Thermometers (ASTM El) 
are recommended: 


0./4 to 0/6 mm x 
'! 00 to 102 mm. 6°40'to9 0 40’ ) 


i — i 

u 

L approximately 635 mm3 

2QQ mm (2*) 

Fic. 28-4. Needle for Penetration Test 
(Courtesy ASTM.) 
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1 For tests at 77°F. (25°C.) use an AS'I'M Saybolt Viscosity 1 hermometcr 17 F. 

’ . ' r <:oo onoi: /io u i 0 'Flic thermometer shall be 

(or 17°C.) having a range of 08 to «u t . (i ■> to W- 

immersed in the bath 150 ± 15 mm. 

o. For tests at 32°F. (0°C.) and 59.2 "F. (VC.) use AS 1 M Precision 1 hennom- 
eter 63°F. (or G3°C.) having a range of 18° to 80"F. (-H" to 32’C.). I he thermom- 
eter shall be immersed in the bath 150 ± 15 mm. 

3 For tests at 115°F. (lfi.PC.) use AS'I’M Precision Thermometer 0-1*1*. (or MU) 
having a range of 77° to 131‘T. (25° to 55 J C.). The thermometer shall Ire im- 
mersed in the bath 150 * 15 mm. 

4. Since the accuracy of the tests results is dependent upon closely controlled 
temperature conditions, the thermometer used for the water bath should be aitu- 
rately calibrated by the Method for Inspection. Test and Standardization of 
Etched-Stem Liquid-in-Glass Thermometeis (AS TM F.77). 


Timing Device.-A stop watch graduated in 0.1 -second intervals or an audible 
seconds counter is recommended for use with a hand-operated penetrometer. An 
automatic calibrated timing mechanism attached to the penctiometer may lie used. 

Preparation of Sample.— He at the sample with care to prevent local overheating 
until it has become fluid. Then with constant stirring raise the tempei.itute of 
the asphalt sample 177°F. (80 6 C.) to 1!>1T\ (1)0 5 C.) or the tar-pitrh sample not mote 
than 100°F. (o6“C.) above its softening point, detci mined in accordance with the 
Method of Test for Softening Point of Bituminous Materials (king-and-B.il! 
Method) (ASTM D3G). Avoid the inclusion of air bubbles. Then pour it into 
the sample container to a depth such that, when cooled to the tempciatuie of test, 
the depth of the sample is at least 10 mm. greater than the depth to which the 
needle is expected to penetrate. Pour separate samples for each variation in test 
conditions. 

Loosely cover each container and its contents as a protection against (hist, and 
allow to cool in an atmosphere at a temperature not higher than 85T : . (29..VO) 
and not lower than 70°F. (2PC.) for tint less than ll-j nor more than 2 limits when 
the sample is in a 6-ounce container and for not less than 1 nor more than I*., 
hours when the sample is in a a-ouiue container. Then place the sample in the 
water bath maintained at the prescribed temperature of test, along with the trans- 
fer dish if used, allow it to remain for not less than 11-j nor more than 2 bouts 
when the sample is in a G-ouncc container, and for not less than 1 nor more than 
lVj hours when the sample is in a 3-ounce container. 

Test Conditions.— Where the conditions of test are not specifically mentioned, 
the temperature, load, and time are understood to be 77T. (25 J C.). 100 .... 5 sec- 
onds respectively. Other conditions of temperature, load, and time mav lie used 
for special testing, such as: 


Temperature 

Load, «. 

Time , sec. 

32°F. (0°C.) 

... 200 

60 

39.2°F. (4°G.) . . . 

... 200 

60 

1 15°F. (46.1 °C.) 

.. . 50 

5 


In such cases, the specific conditions of test shall be reported 
Procedure.— Unless otherwise stated, place the 50-g. weight above the need), 
making the total load of 100 g. for the needle and attachment. If 


tests are made 



966 EXAMINATION OF BITUMINOUS SUBSTANCES 

with the penetration apparatus mounted in the bath, place the sample container 
directly on the submerged stand of the penetration apparatus. If tests are made 
with the sample in the bath and the penetration apparatus outside the bath, 
place the container on the shelf provided in the bath. In the above procedures 
the container shall be kept completely submerged during the entire test. If tests 
are made using the transfer dish with the penetration apparatus outside the bath, 
place the sample in a dish filled with water from the bath to a depth to cover 
completely the sample container. Then place the transfer dish containing the 
sample on the stand of the penetration apparatus and penetrate immediately. In 
each case, adjust the needle loaded witli the specified weight to just make con- 
tact with the surface of the sample. Accomplish this by making contact of the 
actual needle point with its image reflected by the surface of the sample from a 
properly placed source of light (Note). Either note the reading of the dial or 
bring the pointer to zero. Then quickly release the needle for the specified period 
of time and adjust the instrument to measure the distance penetrated. Observe 
the sample container as the needle is applied, and if any movement of the con- 
tainer is noted, ignore the result 

Note —The positioning of the needle can be materially aided by using an illuminated 
meth)l methacrylate tube. 

Make at least three penetrations at points on the surface of the sample not less 
than 1 cm. (% in.) from the side of the container and not less than l cm. (% in.) 
apart If the transfer dish is used, return the dish and sample to the water bath 
after each penertation. Before each test, clean the needle with a clean cloth 
moistened with carbon tetrachloride to remove all adhering bitumen, and then 
wipe with a dean dry cloth. For penetration values greater than 225, use at least 
three needles, leaving them in the sample until completion of the penetrations. 

Report to the nearest whole unit the average of at least three penetrations whose 
values do not differ by more than the amount shown below: 

Penetration 


0 to 49 50 to U9 750 to 249 250 or mer 

Maximum difference between highest 

and lowest determinations 2 4 6 8 

DUCTILITY 

This test has been standardized as follows as ASTM D1 13-44: 

The ductility of a bituminous material is measured by the distance to which it 
will elongate before breaking when two ends of a briquet of the material of the 
form described, are pulled apart at a specified speed and at a specified tempera- 
ture. Unless otherwise specified, the test shall be made at a temperature of 
25® ± 0.5°C. (77° ± 0.9 °F.) and with a speed of 5 cm. per minute (±5.0%). 

The mold shall be similar in design to that shown in Fig. 28-5. Dimensions 
shall be as given with the permissible variations indicated. The mold shall be 
made of brass, the ends, b and b', being known as clips, and the parts, a and a ' 
as sides of the mold. The dimensions of the mold shall be such that, when prop- 
erly assembled, a briquet will be formed having the following dimensions: 
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7.45-7.55 

Total length, cm. 2.97*303 

Distance between clips, cm j 98-2.02 

Width at minimum cross-section (halfway between clips), o 99-1.01 

Thickness throughout, cm 

The water bath shall be maintained at the specihed test temperature varying 
not more than 0.1 *0. from this temperature. I he volume ol n atu d a) 

be not less than 10 1. and the sample shall be immersed to a depth of not less 
than 10 cm. and shall be supported on a perforated shell not less than a cm. from 

the bottom of the bath. 

For pulling the briquet of bituminous material apait, any apparatus may be 



Fig. 28-f>. Mold for Ductility Test Specimens. The opening in the cud of each clip, as 
indicated by "x.” shall be half an ellipse hating a (i.uoutm- axis of :>’.2 tin. u: O.O.’i cm. 
and italf of the longitudinal axis shall he l.lfi to l.fifi tin. 


used that is so constructed that the briquet will he continuously immersed in 
water as specified, while the two dips are pulled apart at a uniform speed, as 
specified, without undue vibration. 

The bituminous material to be tested shall be completely melted until thor- 
oughly fluid by heating it in an oil bath maintained at the minimum icmpetatuic 
needed to liquefy the sample properly. It shall then he strained through a No. fit) 
sieve and, after a thorough stirring, poured into the mold. The mold shall be 
assembled on a brass plate and, so as to prevent die material under test horn 
sticking, the surface of the plate and interior surfaces of the sides mi' of the mold 
shall be thoroughly amalgamated (Note). The plate upon which the mold is placed 


tion of merem 


- amalgamation may best be effected by immersing the clean mold in a sola- 
nry Distillate containing free metallic mercury, and so as to come in contact 


with the latter. Instead of mercury, the metal mold, preteiably of stainless steel, mav be 
moistened with <Tivr,>,-r.i ' • < 


with glycerol. 


shall be perfectly 
throughout. In 
and thus distort 
stream back and 
full. It shall be 
bath maintained 
which the excess 
knife or spatula 


fiat and level so that the bottom surface of the mold will touch it 
filling the mold, care shall be taken not to disarrange the parts 
the briquet. In filling, the material shall be pot.rJd in a thin 
forth from end to end of the mold until it is more than level 
left to cool to room temperature and then placed in the water 
at the specified temperature of test for 30 to 10 minutes, after 
bitumen shall be cut off by means of a hot straieht-edged putty 
so that the mold shall be just level full. “ 1 y 
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Note.— W hen paving asphalt cements aie bing tested, the oil bath shall be maintained at 
a temperature of from 125* to 150°C. (257° to 302° F.). 

The brass plate and mold, with briquet, shall then be placed in the water bath 
and kept at the specified temperature for 85 to 95 minutes, when the briquet 
shall be removed from tire plate, the side pieces detached, and the briquet imme- 
diately tested. The rings at each end of tire clips shall be attached to the pins or 
hooks in the ductility machine and the two clips pulled apart at a uniform speed 
as specified until the briquet ruptuies. A variation of ±5% from the speed speci- 
fied will be allowed. The distance through which the clips have been pulled to 
produce rupture shall then be measured in centimeters. While the test is being 
made, the water in the tank of the ductility machine shall cover the sample both 
above and below it by at least 2.5 cm. and shall be kept continuously at the tem- 
perature specified within ±0,5°C. (i0.9°F.). 

A normal test is one in which the material between the two clips pulls out to a 
point or thread until rupture occurs at the point where the thread lias practically 
no cross-sectional area. The average of three normal tests shall be taken and 
reported as the ductility of the sample. 

If the bituminous material comes in contact with the surface of the water or 
the bottom of the bath, the test shall not be considered normal. 

Note.— W hen the specific giavity ol the bituminous material to be tested is below 
098 or above 1.01, the specific giavity of the water bath in the ductility machine shall 
be made the same as the material to be tested by the addition of either methyl alcohol 
or sodium chloride. 

If a normal test is not obtainable on three successive tests, the ductility shall be 
reported as being unobtainable under the conditions of the test. 

THERMAL TESTS 

FUSING OR SOFTENING-POINT 

liing-and-Ball Method ..—' This has been standardized as follows as ASTM D36-26: 

The softening of bituminous materials generally takes place at no definite mo- 
ment or temperature. As the temperature rises, they gradually and imperceptibly 
change from a brittle or exceedingly thick and slow-flowing material to a softer 
and less viscous liquid. For this reason the determination of the softening point 
must be made by a fixed, arbitrary, and closely defined method if the results ob- 
tained are to be comparable. 

Apparatus.— The apparatus shall consist of the following: 

(«) A brass ring 15.875 mm. (% in.) in inside diameter and 6.35 mm. 0i In-) 
deep; thickness ol wall, 2.38 mm. in.); permissible variation on inside diameter 
and thickness of ring 0.25 mm. (0.01 in.). This ring shall be attached in a con- 
venient manner to a No. 13 B. & S. gauge brass wire (diameter 1.83 mm. = 0.072 
in.). See Fig. 28-6. 

(5) A steel ball 9.53 mm. (% in.) in diameter weighing between 3.45 and 3-55 g- 

(c) A glass vessel, capable of being heated, not less than 8.5 cm. (3.34 in.) in 
diameter and measuring 1 0.5 cm. (4.13 in.) in depth from the bottom of the flare. 
(A 600-ml. beaker, low form, meets this requirement.) 

Procedure.— The sample shall be melted at the lowest possible temperature to 
avoid loss of volatile constituents and stirred thoroughly, avoiding incorporating 
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air bubbles in the mass and .I,"'? liras, plate which lias been 

cooling. The* ring, wh.lc bang lillcl. ' 1 1 a(1|l J it . AItt-r cod* 

™”tTho.“ j«>ll lie ™. oil doanly will, a sliglnly In-au.l 

h^nifo. . , . Qr or a,- low. —Vise a thermometer which 

O-lUigradc or Faimnlhcil degree, » no, he ^ 
the ranges being -2* ... +WC., or 30* ... 180*1*.. ,es|,e....ely (Ah l M >*> C*. 



15°F.). Fill the glass vessel to a depth of substantially 8.25 tin. (11.25 in.) with 
freshly boiled, distilled water at 5°C. (11TY). Suspend the ring containing the 
sample in the water so that the lower surface of the filled ring is exactly 2.51 tin. 
(I in.) above the bottom of the glass vessel and its upper surface is 5 .08 cm. (2 in.) 
below the surface of water. Place the ball in the water hut not on the specimen. 
Suspend the thermometer so that the bottom of the bulb is let cl with the bottom of 
the ring and within 0.(535 cm. (Vi in.), but not touching the ring. Maintain the 
temperature of the water at 5°C. (dlT.) for 15 minutes. With suitable forceps, 
place the ball in the center of the upper surface of the bitumen in the ring, thus 

completing the assembly as in Fig. 28-5. Apply the heat in such a manner that 

the temperature of the water is raised 5 r C. (<JH\) each minute. The temperature 
recorded by the thermometer at the instant the bituminous material touches the 
bottom of the glass vessel shall be reported as the softening point. No correction 
shall be made for emergent stem. The rate of rise of temperature shall be uni- 
form and shall not be averaged over the period of the test. The maximum per- 

missible variation for any minute period after the fust three shall be *«.<)'?(: 
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(0.9°F.). All tests in which die rate of rise in temperature exceeds these limits 
shall be rejected. 

For Substances Fusing Above 80°C. (176°F .).—' The thermometer shall be grad- 
uated in either Centigrade or Fahrenheit degrees as specified, the ranges being 
30° to 160°C., or 85° to 320“F., respectively (ASTM 16°C. or 1G°F.). The same 
method as given above shall be employed, except that U.S.P, glycerin shall be 
used instead of water, and the starting point of the glycerin bath shall be 32 <I C. 
(89.6°F.). The hath shall be brought to this temperature and thoroughly agitated, 
then the apparatus and specimens shall be placed in the bath which shall be main- 
tained under agitation at the starting temperature for 15 minutes, after which the 
assembly shall be completed by placing the ball on the center of the specimen and 
the test carried on as above. In applying the heat, the ring apparatus shall be 
placed off the center of the container and the burner placed midway between the 
center and edge of the beaker away from the specimen. 

Rigid adherence to the prescribed rate of heating is absolutely essential in order 
to secure accuracy of results. A sheet of paper placed on the bottom of the glass 
vessel and conveniently weighted will prevent the bituminous material from stick- 
ing to the glass vessel, thereby saving considerable lime and trouble in cleaning. 
The limit of accuracy of the test is ±0.5*0. (0.9° F.). 

In addition to the above nng-and-ball method (ASTM D36-26), this procedure 
has been standardized in a modified form, covering a wider range of materials, 
under ASTM Designation E28-58T. The changes include the use of a shouldered 
ring and an agitator to ensure uniform heat distribution in the bath. 

Cube-in-water Method .— This method is restricted to testing tar pitches, and has 
been standardized as follows as ASTM DGl-38. 

The softening of pitch takes place at no definite moment or temperature. As 
the temperature rises, pitch gradually and imperceptibly changes from a brittle 
or exceedingly thick and slow-flowing material to a softer and less viscous liquid. 
For this reason the determination of the softening point must be made by a fixed, 
arbitrary, and closely defined method if the results obtained are to be comparable. 

Apparatus.— The apparatus shall consist of the following: 

(a) A mold suitable for forming a 12.7-mm. (&in.) cube of pitch. (A recom- 
mended type is shown in Fig. 28-7). 

(b) An L-shaped right-angled hook made of No. 12 B. & S. gauge copper wire 
(diameter 2.05 mm. = 0.0808 in.), the foot of which shall be 2.54 cm. (1 in.) long. 

(c) A glass vessel, capable of being heated, not less than 8.5 cm. (3.34 in.) in 
diameter and measuring 10.5 cm. (4.13 in.) in depth from the bottom of the flare. 
(A 600-ml. beaker, Griffin low form, meets this requirement.) 

(d) A thermometer graduated in either Centigrade or Fahrenheit degrees as speci- 
fied, the ranges being —2° to q-80°G. or +30° to 4-18Q°F., respectively (ASTM 
15°C. or 15°F.). 

Procedure.— The pitch shall be formed into a 12.7-mm. (%-in.) cube, truly shaped 
and with sharp edges, either by melting and pouring, or softening and pressing, into 
a mold. In all cases an excess ot pitch shall be used and the surplus material shall 
be cut off cleanly with a slightly heated knife. The harder pitches specified can 
ordinarily be molded at room temperature, tire softer pitches in water at about 
4°C. (39.2°F.). If they are melted, they should first be thoroughly stirred, avoiding 
incorporating air bubbles in the mass, and then poured into the mold so as to 
leave an excess on cooling. The mold should rest on a brass plate and the surface 
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the wire as shown in Fig. 28-7 and suspend ii in the water so that its lower edge 
is exactly 2.51 cm. (1 in.) above the bottom of the glass vessel and its upper edge 
is 5.08 cm. (2 in.) below the surface of the water. Allow it to remain in the water 
for 15 minutes before applying heat. Suspend the thermometer so that the bot- 
tom of the bulb is level with the bottom edge of the cube of pitch and within 
0.635 cm. (!4 in.), but not touching the cube. Apply the heat in such a manner 
that the temperature or the water is raised 5°C. (9°F.) each minute. The tempera- 
ture recorded by the thermometer at the instant the pitch touches the bottom of 
the glass vessel shall be leported as the softening point. No correction shall be 
made for emergent stem. The rate of rise of temperature shall be uniform and 
shall not be averaged over the period of the test. The maximum permissible vari- 
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ation for any minute period after the first three shall be ±0.5° C. (0.9'F.). All 
tests in which the rate of rise in temperature exceeds these limits shall be rejected. 

For Pitches Fusing Below 109.4°F .— Use the same method as given above, ex- 
cept that the water when placed in the glass vessel shall be at a temperature of 
4 e C. (39.2°F.). The cube shall be allowed to remain 15 minutes in this water 
before applying the heat. 

The use of freshly distilled water is essential, as otherwise air bubbles may form 
on the cube and retard its sinking. Rigid adherence to the prescribed rate of 
heating is absolutely essential in order to secure accuracy of results, A sheet of 
paper placed on the bottom of the glass vessel and conveniently weighted will 
prevent the pitch from sticking to the glass vessel, 
thereby saving considerable time and trouble in 
cleaning. The reproducibility of the test is I.O'C. 
(1.8-F.). 

Cube-in-Air Method .— This method is applicable 
to pitches having a softening point above 176°F. 
(Note 1). It has not been standardized by the 
ASTM but is commonly used in the coal-tar indus- 
try. The test is performed as follows: 

Apparatus.— The apparatus (Fig. 28-8) shall con- 
sist of the following: 

(a) Air melting-point oven, copper, with mica 
windows and copper tray. Arthur H. Thomas 
Company (A.H.T. Company) No. 1322. The cop- 
per tray shall be supported by the hooks provided, 
which shall give a clearance of about in. be- 
tween the bottom of the oven and the tray. 

(b) Tripod. The oven shall be mounted on a suitable tripod of such size that 
it supports tile oven at the outer edge only, leaving the bottom exposed directly 
to the heat of the burner. 

(c) Shield, thin sheet iron, with mica windows. A.H.T. Company No. 1323. 

(d) Burner, similar to A.H.T. Company No. 2583. It shall be provided with a 
suitable chimney, A.H.T. Company No. 2633. For electric heat a 500-watt, 115- 
volt ring heater, o.d. 4% in., i.d. 2 H in. The oven is placed on the ring heater 
which is supported on a tripod. A variable auto transformer and a voltmeter are 
required to control and measure the power input. 

(e) Pitch mold for forming %-in. cube. A.H.T. Company No. I324-E. 

(/) Brass Plate. 

(g) Hook. An L-shaped, right-angled hook made of No. 12 B. & S. gauge cop- 
per wire; diameter 0.0808 in., the foot of which shall be 1 in. in length. A.H.T. 
Company No. 1324-C. 

(h) Copper Cup. This shall be a copper cup 1% in. in diameter and 1% in. 
high with a capacity of about 60 ml. A slightly inclined handle 4}4 in. long shall 
be attached. 

(0 Thermometer, 30° to 200°C., ASTM High Softening Point, No. 16 e C. 

The pitch shall be formed into a 14-in. cube, truly shaped and with sharp edges, 
by melting and pouring into the mold. The ropper cup shall be half filled with 
the pitch and carefully heated until the pitch is melted, stirring thoroughly and 
avoiding incorporation of air bubbles in the pitch. The melted pitch shall then 



Fig. 28-8. Cube-in-Air Method 
for High Fusing-Point Sub- 
stances. 
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be poured into the mold so as to leave an excess on cooling. After cooling, the 
excess o? material shall be cut oil cleanly with a hot knife or spatula. 1 he mo d 
shall rest on a metal plate, and the surface of the plate anti interior surfaces of the 
mold should be amalgamated by first rubbing them with a dilute solution o 
mercuric chloride or nitrate and then with mercury (see i-ki-cai. hons). oi thmoughh 
covering them with a thin film of vaseline to prevent the pitch from adhering to 

them (Note 2). 

The cube shall be placed on the hook so that the foot of the hook passes throng t 
the center of two opposite faces of the cube. It shall then lie suspended in the 
oven so that its center is level with an imaginary line running through the centers 
of the observation windows of the oven. The thermometer shall be supported in a 
vertical position so that the bottom of the bulb is level with the bottom edge of the 
cube. All cubes and the apparatus shall be at room temperaiuie when healing is 
begun (Note 3). 


Note l .-This method o( test shall be used only with pitches having a inching point, 
cttbe-in-water, over 80°C. (I7G-T.). In general, with pitches of this melting point, the 
cube-in-air melting point is lu'C, (12T.) hmn than the aibe-in w.uei melting point. 
Results of melting point tests must always be reported in tciins of the method by which 
the test is made. 

Note 2.— In melting samples of pitch having a softening point above H'> ’('. (IH.VT.), at 
least -10 g. of the sample shall be melted for the preparation of specimens. The sample 
shall not be heated above the temperature necessary to pour the matciial tcadilv with- 
out inclusion of air bubbles, and piccautions shall be taken to picvcm local medicating. 
If foam forms on the melted pitch, it shall be pci milted to separate into a distinct laser, 
then removed so that the specimens may be poured from pitch substantialiv free from 
foam. 

Note 3.— With pitches having inching points in excess of 1(10*0, <320*1' .), it is pci- 
missible to place the cube on the hook at a lempciatuu* not above 7U“C. (1:7,3T.). and 
to start heating with the oven at a similar temperature. 


Heat shall be applied in such a manner that the temperature of the oven is 
raised 5°C. (9T\) each minute. This rate of rise in temperature shall be uniform 
and shall not be averaged over the period of the test. 'The maximum permissible 
variation for any 1-minute period in the 10 minutes immediately preceding the 
dropping of the cube shall be =bl.0°C. (I.8°F.). All tests in which the rate of riser 
in temperature exceeds these limits shall be rejected. 

The temperature recorded by the thermometer at the instant the pitch drops 
to the bottom of the oven shall be reported as the melting point. No correction 
shall be made for emergent stem of the thermometer. 


Precautions.-Care shall be taken to avoid noticeable evolution of vapors durum 

the heating and melting of the pitch. If necessary, an oil or sand bath shall be 
used. 

Not more than tvvo cubes shall be run in the oven at the same time, and these 
shall be pitches with melting points not more than 5°C. (9°F.) apart. The tubes 
shall be close to but not touching the thermometer and equidistant from it 

Owing to possible danger to health if mercury is handled carelessly, the follow- 
mg rules should be observed at all times. * 


1. Store the mercury in a closed jug in a cool place. 

— Strictly avoid spilling any mercury. 

3. Remove- mercury vapor, by working under a suiiable hood „ it |, 


good ventila- 



974 EXAMINATION OF BITUMINOUS SUBSTANCES 

4. Keep amalgamated brass plates and other apparatus at a temperature no 
higher than normal room temperature. 

Kraemer and Sarnow Method.— In this method the pitch to be tested is placed 
in a short length of brass or stainless steel tubing which is attached by rubber tub- 
ing to a longer piece of glass tubing. Five grams of mercury are then placed on the 
pitch and the assembly is heated at a controlled rate in a water bath. The 
temperature at which the mercury breaks through the envelope of pitch is taken 
as the softening point. This method is standardized by the standardization of Tar 
Products Test Committee (British) as No. P.T. 2-57. 

VOLATILE MATTER 

This test is used for identifying various bituminous materials. Thus in the 
case of asphalts, the volatilization test will often serve to identify soft native 
asphalts, which contain larger percentages of volatile matter than soEt residual 
or blown petroleum asphalts. Cut-back products also carry a large percentage 
of volatile constituents. 

The test may also be used to determine the adaptability of a bituminous sub- 
stance for certain definite purposes, where it becomes necessary to heat it to high 
temperatures, as in die paving industry or m manufacturing bituminized roofings 
and floorings. It serves as a valuable adjunct for gauging the uniformity of sup- 
ply and for purposes of factory control. It also furnishes an indication of the 
weatherproof properties of the material. Other tilings being equal, bituminous 
substances showing the smallest percentage of volatile matter will prove most 
weatherproof on exposure to the elements. It should be noted, however, that the 
volatility test alone must not be taken as the final criterion as to whether or not a 
bituminous substance is weatherproof, since other factors should also be taken into 
consideration. The volatility test may be regaided as an accelerated test, showing 
the loss of volatile constituents exclusive of water which will take place upon ex- 
posure to the weather in a relatively thin layer for a long time. 

The following method has been adopted as standard in ASTAI D6-39T: 

This test covers the determination of the loss in weight (exclusive of water) of 
oil and asphaltic compounds when hfcated as lveieinafter prescribed. The material 
under examination shall, therefore, first be tested for water and if water is found 
to be present, it shall be removed by suitable methods of dehydration before the 
material is subjected to the loss on heating test; or another sample shall be ob- 
tained which is free from water. 

Apparatus. Oven.— The oven shall be rectangular in form with double walls and 
heated by electricity. Its interior dimensions shall be as follows: height, exclusive of 
space occupied by die heating element, not less than 29.21 cm. (11.5 in,); width and 
depth, not less than 29.85 cm. (11.75 in.). The oven shall be provided with a per- 
forated metal circular shelf approximately 24.8 cm. (9.75 in.) in diameter. A 
recommended form of aluminum shelf is shown in Fig. 28-9. This shelf shall be 
placed in the center of the oven, witli respect to all dimensions of the interior of 
the same, suspended by a vertical shaft and provided with mechanical means for 
rotating it at the rate of 5 to 6 r.p.m. One side of the oven shall be hinged and 
equipped to serve as a tight-fitting door which shall contain a window at least 4 in- 
square, with double glass, through which a thermometer, located in front of and 
level with the revolving shelf, may be read without opening the door. 

The oven shall be adequately ventilated by convection currents of air, and for 
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<175 


*h purpose .he oven shall be ptov ■‘l-l M.I, c ™.l'ccTrin 'im!.' 
and UK exit ot beared air and *r,.“ c din! bouo.n or in the 

side ”lu .1?' *e I tat^aml stall he « " 

!ior walls ot ihc oven shall he syuunetrkally arranged in the lop or .» * " a N 
near the top and shall have a total area of not less than U *1- ««• ( - l* ■> 
nor more than 12.9 sq. cm. (2.0 sq. in.) 



Thermometer.— The thermometer shall he graduated in Centigrade degrees, the 
range being 155° to 170°C. (AS' I’M 13 a C.). 

Container.— The container in which the sample is to he tested shall be of metal 
or glass, cylindrical in shape, and shall have a Hat bottom. Its inside dimensions 
shall be substantially as follows: diameter, 55 mm. (2.17 in.); depth, 115 mm. (1.38 
in.). 


Note.— T he American Can Company’s 3-ounce Cill stylo flat-bottom, seamless oint- 
ment box, deep pattern, fulfills these requirements. 


Procedure.-The sample as received shall be thoroughly stirred and agitated, and 
warmed if necessary, to ensure a complete mixture before the portion for analysis is 
removed. 


Fifty grams of the water-free material to be tested shall be weighed into a cared 
container conforming to the foregoing requirements. The oven shall be bromdu 
to a temperature of 1G3°C. (325T*.), and the box containing the sample placecfiii 
one of the recesses of the revolving shelf. The oven shall then be closed and the 
shelf rotated 5 to 6 r.p.m. during the entire test. The temperature shall be main- 
tamed at 163- ± 1-C. (325- ± 1.8-F.) tor 5 hours alter the sample has been intro- 
duced and the oven has again reached that temperature. The 5-hour period shall 
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start when the temperature reaches 162°C. and in no case shall the total time 
that a sample is in the oven be more than 5 hours and 15 minutes. The sample 
shall be removed from the oven, cooled, and weighed, and the loss due to volatiliza- 
tion calculated. 

Determine temperatures by means of the specified thermometer which shall he 
supported from the shaft of the circular shelf in a vertical position approximately 
1.9 cm. (0.75 in.) inside the periphery of the shelf, and with the bottom of the 
thermometer bulb 0.25 in. above the shelf. 

Under ordinary circumstances a number of samples having about die same 
degree of volatility may be tested at the same time. Samples varying greatly in 
\olatility should be tested separately. Where extreme accuracy is required, not 
more than one material should be tested at one time and duplicate samples of it 
should be placed simultaneously in the oven. Such duplicates shall check within 
the limits of accuracy given below. Results obtained on samples showing evi- 
dences of foaming during the test shall be rejected. 

Up to 5% loss in weight, the results obtained may be considered as correct 
within 0.5. Above 5% loss in weight the numerical limit of error increases 0.01 
for every 0.5% increase in loss by volatilization, as follows: 


Volatilization 

Numerical 

True Volatilization 

Loss , % 

Correction 

Loss , % 

5.0 

±0-50 

4.50-5.50 

5.5 

±0.51 

4.91-6.01 

6.0 

±0.52 

5.48-6.52 

10.0 

±0.60 

9.40-10.60 

15.0 

±0.70 

14.30-15.70 

25.0 

±0.90 

24.10-25.90 

40.0 

±1.20 

38.80-41.20 


Note.— If additional periods of heating are desired, it is recommended that the) be made 
in successive increments of 5 hours each. When the pencil ation or other characteristics 
of the sample after heating are required, melt the residue in the container at the lowest 
possible temperature and thoroughly mix b) stirring, taking care to avoid incorporating 
air hubbies in the mass. Then bring it to the standard temperatuic and test as pre- 
scribed. 


TEST FOR RESIDUE OF SPECIFIED PENETRATION 

This test is used principally for testing road oils, in determining the so-called 
asphalt content, and is carried out by evaporating the specimen under carefully 
controlled conditions until the residue shows a penetration of 100 at 77° F. (100 g., 
5 seconds). The percentage by weight of residue is recorded and furnishes an 
indication of the quantity of constituents present which may be depended upon 
to contribute to tile durability of the pavement. It will serve to differentiate be* 
tween straight-distilled and cut-back products. This test has been standardized 
as follows as ASTM D243-36. 

This method of test covers the determination of percentage of residue having 
a specified penetration at 100 g., 5 seconds, 25°C. (77°F.), obtained by heating a 
road oil or a semisolid asphalt having a penetration of more than 100, at a tem- 
perature of 249° to 260®C. (480° to 500°F.). When the penetration of the residue 
is not otherwise stated it shall be understood to be 100. The residue obtained is 
available for testing as desired. 

Apparatus .—' The apparatus shall consist of a container, heating bath, hot plate, 
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(2% in.) in diameter and 15 mm. (MS ■■>•) 111 llL '!” h ' 

Nom _T„e American Can Cam,,. ant s O-mmce (till -sttlc Ma.-I* 

inent box, deep pattern, fullliUs these itquuum.n s. 

Heating Bath.-The heating bath .shall be a cast-iron ait-bad. jicnniuing the im- 
mersion of the container to a depth of Hi in. through an opening m uu 
diameter than the container. U shall support the container h m. :<h,ne the 
plate and with at least Y\ in. free air 
space between the sides of the container 
and of the air bath below the open- 
ing. A suitable air bath is shown in 
Fig. 28-10. 

Air Bath.-The air bath shall be 
heated upon a suitably mounted hot 
plate, heated either electrically or by 
means of a gas flame. 1 he plate shall 
be capable of maintaining the sample 
continuously at the required tempera- 
ture, and apparatus necessary to fulfill 
this requirement, such as a rheostat or 
gas pressure regulator, shall he provided. 

Thermometer. -The thermometer 
shall conform to the following require- 
ments. These specifications cover a spe- 
cial thermometer graduated to either 
Centigrade or Fahrenheit degrees as 
specified, the ranges being — (i° to 
+‘10l)*C., or +20° to +7i')0T-\. respec- 
tively (ASTM IHC. or i 1T\). The 
sample as received shall he thoroughly 
stirred and agitated, to ensure a com- 
plete mixture before the portion for 
testing is removed. 

Procedure .- One hundred grams (100.00 O.H) g.) ot the material to be tested 
shall be weighed into a tared container, which shall then be plated in the air hath 
in position to be heated. The thermometer shall he supported in the sample equi- 
distant from the sides of the container and with the bottom of the bulb neither 
more than % in. above nor touching the bottom of the container. The bulb shall be 
completely immersed in the sample throughout the heating. An assembly of the 
apparatus is shown in Fig. 28-11. 

The sample should be heated as rapidly as possible, to prevent foaming, to a 
temperature of 249°C. (480°F.) and during the evaporation, the temperature shall 
be maintained between 249 ’C. (480°F.) and 2G0»C. <500° F.). The sample shall 
be stirred with the thermometer from time to time to prevent local overheatin- 
and, to maintain a homogeneous sample, all cakes of hardened bitumen which 
form at the sides of the container shall be fluxed in the sample. 

An experienced operator can judge approximately what percentage of residue 
he should obtain to secure the desired penetration. When it is supposed that 



Fu.. 28- 10, Ca-u-Iron Air Bath. 
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the residue will show the required penetration, the bitumen on the thermometer 
which may be readily scraped off shall be returned to the container, which then 
shall be removed from the air bath, cooled and weighed. The penetration of tfie 
residue shall then be determined with the exception that the 6-ounce container in 
which the evaporation has been conducted, shall be used instead of the 3-ounce 
container specified in the test for “penetration." 

It frequently is necessary to make several trials before a residue of the required 
penetration is obtained. If it is determined to be greater than that required, all 
water shall be removed from the container and the surface of the sample, and 
the heating and determination of penetration may be 
repeated as before. Ordinarily a residue shall be con- 
sidered as satisfactorily obtained when its penetration is 
within 15 of that desired, and its percentage by weight 
of the original sample shall be calculated. When it is 
necessary to determine more precisely the percentage of 
residue having the specified penetration, such a percent 
age shall be computed by interpolation between percent- 
ages of two residues, one having a penetration greater 
and one having a penetration lower than that specified. 
The percentage shall be reported as: 

Percentage of residue of penetration (determined 

) stating, first, the specified penetration, and second, 

the penetration actual!) determined for the sample tested 
or calculated by interpolation. 

Certain types of road oil will readily form rings of 
hard asphalt at the side of the container. Great care 
should be taken that tin's material be completely fluxed 
in the sample before the penetration of the residue is 
determined. Duplicate determinations should not differ 
by more than 1.0% with the same operator nor more 
than 2.5% between different laboratories. 

In case it is desired to determine the residue of specified penetration with the 
elimination of oxidation effects, a \acuum distillation method may be used which 
has been standardized as ASTM D2 189-61. 

FLASH POINT 

A number of flash-point testers are in use, including the Pensky-Martens (ASTM 
D93-61), Cleveland Open Cup (ASTM D92-57), and the Tag types (ASTM 
D1310-59T), which are fully described in Chapter 40. 

FIXED CARBON 

The same procedure may be followed as for testing Coal (Volatile Combustible 

Matter) as described on p. 1152. 

This test which has been standardized as ASTM D271-58 involves heating 1 g- 
of the sample under controlled conditions at 950 ± 20°C. for 7 minutes and de- 
termining the loss in weight. 

The Conradson carbon residue test may also be used to determine fixed carbon. 
This test is standardized as ASTM D189-61. 




Fig. 28-11. Assembly of 
Apparatus for Evapora- 
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DISTI LLATIO N TEST 

The value of this test is to ascertain the adaptability of bituminous materials 
for a given use, generally for road treatment; for gauging the uniformity of sup- 
ply, for purposes of factory control, and, most important of all, as a criterion of 
the quality. This test is generally applied to tar products as an equivalent of the 
volatility test becomes of value in identifying the kind used (upon determining the 
specific gravity of the fractions distilled), as a means of distinguishing a cut-back 
tar from a straight-distilled tar (upon determining the specific gravity of the ft ac- 
tions, their viscosity, and the fusing point of the residue), and for detecting the 
presence of abnormal amounts of naphthalene. 

This test has been standardized as follows as ASTM DliO-afi: 

FOR ROAD OILS {ASPHALTIC AND COAL-TAR PITCH), ETC. 

Apparatus .— 1 he apparatus consists of a lla.sk, condenser tube, shield ret civets 
and thermometers as specified. 



(a) Flask.— The distillation flask, Fig. shall I.. 

having the following dimensions: ^ " be a 


side neck distilling flask. 


86 

70 


Diameter of bulb, outside, nun. 

Diameter of neck, inside, mm... 

Diameter of tubulature, inside mm — 

Height of flask, outside, mm 10.0 

ertical distance bottom of btiib outside m 1 

inside', mm 93 


d; 1.5 

± 1.0 
0.5 
± 1.5 

i 1 .5 
-k 5.0 

-c. 


Length of tanered mn- — 


LO to 1.5 
suitable form of 


12.5 ± 1.5 

28.5 ± 3.o 

tapered part, mm.' ? 60 - 0 ± 4.0 

100.0 ± 5.0 


tapered 
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(c) Shield.— A galvanized iron shield, lined with Mrin. asbestos, of the form and 
dimensions shown in Fig. 28-13 shall be used to protect the flask from air cur- 
rents and to prevent radiation. The cover (top) may be of transite board made in 
two parts, or it may be of galvanized iron lined with %*in. asbestos. 

(d) Receiver.— The distillates shall be collected in tarcd Erlcnmeyer flasks having 
a capacity of 50 to 100 ml. 

(e) Thermometer.— The thermometer shall be graduated in either Centigrade or 
Fahrenheit degrees as specified, the range being from 0® to 100°C. or 30“ to 760*F., 
respectively (ASTM 8*0. or 8“F.). 



made of 22 gage galvanized provided at right angles 

iron with -L-in. asbestos lining to the end slot, 

riveted to metal. ' 

Fig. 28-13. Shield. 

Procedure .— The sample, as received, shall be thoroughly stirred and agitated, 
warming if necessary, to ensure a complete mixture before die portion for analysis 
is removed. 

The material may be tested for distillation without dehydration, if water is 
piesent not to exceed 2.0%. If water is present in excess of 2.0%, the bituminous 
material shall be dehydrated before testing, by distilling 500 ml. in an 800-nd- 
copper still provided with a water-cooled condenser, the distillate being caught iu 
a separatory funnel. When all the water has been expelled, the distillate is al- 
lowed to settle, the water drawn off and the oils returned to the residue in the 
still after the contents have cooled below 212“F. 

The flask, shall be supported on a tripod oi \ ings over two sheets of 20 mesh 
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IIS! 


VI *.*•-*** 

of the tubulature and neck of the flask. 

The axis of the flask through the neck shall he veitu.d. . 

The distance from the bulb of the thermometer to the outlet end of the con- 
to a, bo shall bo not more than HO not lot. tint,, MO mm. 1 he htm.tr should 

l,„ .protected from drafts by a suitable shield 01 chimney. 

One hundred grams (100 ± 0.1 g.) of the sample shall be weighed mlo the flask, 
the apparatus assembled and beat applied so that the hrsl drop tomes over in front 
5 to 15 minutes. The distillation shall be conducted at the tale of between ;.<> 
•uul 70 drops per minute and the distillate collected in weighed icccivets. 



The condenser tube shall be wanned whenever necessary to pi event accumula- 
tion of solid distillates. The fractions shall he collected at the points desig- 
nated by the specifications. The receivers shall be changed when the ther- 
mometer indicates the maximum temperature for each fraction. When the maxi- 
mum specified temperature of the test is indicated by the therinouietet. the flame 
shall be removed and any oil which has condensed in the condenser tube shall 
be drained into the last fraction. 

The residue shall remain in the flask, with the cork and thermometer in posi- 
tion, until no vapors are visible and it shall then be weighed. If tests of the 
residue are required, the flask shall then be inclined so that the residue will How 
around the sides, thus collecting any condensed vapors that may he on the sides of 
the flask, after which the residue shall be poured into a suitable receptacle ami 
covered. If the residue becomes so cool that it cannot he poured readily from the 
flask, it shall be reheated to a temperature not exceeding 150»C. by holding the 
bulb of the flask in a suitable hath and not by the application of Haute. ^ pot- 
weighing the receivers and fractions, a balance accurate to at least 0.0-3 " shall 
be used. tv 


During the progress of the distillation the thermometer shall remain in its orig- 
inal position. No correction shall be made for the emergent stem of the ther- 
mometer, but if the altitude at which the distillation is made exceeds 1000 ft. 
abo\e sea level, adjust the temperatures in accordance with Table -fl-fl. The re- 
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Table 28-3 


Elevation Fractionation Temperatures for 

Above Sea Various Altitudes, °C. 

Level, ft. 


0 

170 

200 

235 

270 

300 

355 

1000 

169 

198 

233 

268 

298 

353 

1500 

168 

198 

232 

267 

297 

352 

2000 

167 

197 

231 

266 

296 

351 

2500 

167 

196 

230 

265 

295 

350 

3000 

166 

195 

230 

264 

294 

349 

3500 

165 

195 

229 

263 

293 

348 

4000 

165 

194 

228 

263 

292 

347 

4500 

164 

193 

227 

262 

291 

346 

5000 

164 

192 

226 

261 

290 

345 

5500 

163 

192 

225 

260 

289 

344 

6000 

162 

191 

225 

260 

288 

343 


suits of the distillation test shall be reported in percentages by weight of water- 
free material. 


FOR CUT-BACK ASPHALTIC PRODUCTS 
In testing cut-back asphaltic products, the foregoing method is modified in the 
following particulars and is standardized as ASTM D402-55. 

Apparatus. Condenser.— The condenser shall consist of a 250 mm. standard glass- 
jacketed condenser (Fig. 28-15). 



Tic. 28-15. Distillation Apparatus Assembly for Cut-Back Asphaltic Products. 
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The following dimensions are recommended: 

Length of jacket, excluding necks, mm. .... 2 d 0 ch a 

Outside diameter of expanded end of condenser ^ j 

tube* mm. *,•*••»*••«**••** ****** * <4 II ^ 

Outside diameter of condenser tube proper, mm 

Length of condenser tube, mm ~ , 

Length of expanded end of tube, nun /3 ^ 1 



outlet end shall be ground to an angle of -in'* ± 5° with the inside vertical. 

Flask.— The flask shall be a 500-ml. side-neck distillation flask having the follow- 
ing dimensions: 


Diameter of bulb, outside, mm 

Diameter of neck, inside, mm 

Diameter of tubulaturc, inside, mm 

Height of flask, outside, mm 

Vertical distance from bottom of bulb, outside, to 
horizontal tangent at tubulaturc, inside, mm. . . 

Length of tubulaturc, imn 

Angle of tubulaturc, degrees 

Thickness of tubulaturc wall, mm 


102 zb 2.0 

25 ± 1.2 
10 zb 0.5 
135 zb 5 

105 zb 3 
220 zb 5 
75 zb 3 
1.0 to 1.5 


Iron Shield.— A galvanized iron shield lined with jyin. asbestos and fitted with 
transparent covered windows of the form shown in Fig. 28-1-1 is used to protect 
the flask from air currents and to prevent radiation. The cover (top) shall be 
made in two parts and may lie of transite board or of galvanized it on lined with 
%-in. asbestos. 

Thermometer.— The thermometer used is an ASTM partial immersion 3 * F. or 
3°C. having a range, respectively, of 20° to 700” F. or -5 s to •100“ C. 

Receivers.— The receivers shall be graduated cylinders, of uniform diameter, with 
a pressed or molded base and a lipped top. The overall height shall lie not lev; than 
24.8 cm. (9% in.) nor more than 26.0 cm. (ll)Vt in.). The cylinder shall be grad- 
uated in single milliliters to contain 100 ml., and the graduated portion shall lie not 
less than 17.78 cm. (7 in.) nor more than 20.32 cm. (8 in.) in length. Each fifth grad- 
uation shall be distinguished by a longer line, ami the graduations shall be num- 
bered from the bottom up at intervals of 10 ml. The graduations shall not be in 
error by more than I ml. at any point on the scale. 

The flask shall be supported on a tripod or ring over two sheets of 20-tuesh 
gauze, 150-mm. square as shown in Fig. 28-15. It shall be connected to the con- 
denser tube by a tight cork joint. The thermometer shall be inserted through t 
cork in the neck with the bottom of the bulb % in. from the bottom of the flask 
The axis of the flask through the neck shall be vertical. The distance from the* 
neck of the flask to the outlet end of the condenser tube shall be not more tiviu 
700 nor less than 600 mm. The burner should be protected from drafts bv a 
suitable shield or chimney. ' 

The adapter shall be adjusted over the end of the condenser tube so as to ton- 
duct the dm, Hate .mo the recetver, and the top of the receiver shall be revere I 

;t 

the receiver at least ,H cm. (1 in.) K t^blv £ 
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laboratory air temperature is between 12.8® and 18.3°C. (55° and 65°F.) the re* 
ceher shall be immersed up to the 100 -ml. mark in a transparent bath maintained 
between these temperatures. The condenser tube shall be clean and dry. 

Two hundred milliliters (calculated from the specific gravity of the material at 
15.5®C. (60°F.)) of the sample shall be weighed into the flask, the apparatus assem- 
bled and beat applied so that the first drop comes over in from 5 to 15 minutes. 

Tlie distillation shall be conducted so as to maintain the following rates: 

50 to 70 drops per minute to 500 °F. (260°C.) 

20 to 70 drops per minute between 500°F. (260 °C.) and 600 °F. (316°C.) 

Not more than 10 minutes should be allowed for completion of the distillation 
from 600®F. (316®C.) to 680°F. (360 # C.), with the exception that, near the end of 
the distillation, the heat input shall not be so rapid as to result in a temperature 
in excess of 680®F. (360°C.) after the flame has been removed. Should the sample 
foam, the distillation rate will have to be i educed, but the normal rate shall be 
resumed as soon as possible. If excess foaming persists, the distillation may be 
more easily controlled by applying the flame near the edge of the bulb instead of 
at the center of same. The distillate shall be collected in the specified receivers, 
and the volume of distillate at all specified temperatures recorded. The volume of 
any separated water shall also be recorded. When the maximum specified tem- 
perature of the test is indicated by the thermometer, the flame shall be lemoved 
and the residue poured immediately into an 8-ounce tin box placed on its coser to 
prevent too rapid cooling at the bottom. Any oil which may remain in the con- 
denser tube shall be drained into the last receiver. 

As soon as no further vaporization is apparent, the residue shall be stirred to 
ensure homogeneity, and then poured into the necessary apparatus for the re- 
quired tests. During the progress of the distillation the thermometer shall re- 
main in its original position. No correction shall be made for the emergent stem 
of the thermometer. Temperatures to be observed in the distillation test shall 
be corrected for the effect of the altitude of the laboratory in which the test is 
made. 

The results of the distillation test shall be reported in percentage by volume 
of water-free material. 

For testing creosote, tar, petroleum, and mixtures of creosote with tars or pe- 
troleum used for wood preservation, the method of distillation is standardized as 
ASTM D24G-59. This differs from ASTM D20-56 described above in that the 
thermometer is placed 12 to 13 mm. above the surface of the liquid in the flask 
and the rate of distillation is 80 to 1 00 drops per minute. Also, the use of elec- 
tric heat is optional. 


SOLUBILITY TESTS 

SOLUBILITY IN CARBON DISULFIDE 
This test is useful for purposes of identification, for ascertaining the adaptability 
of a bituminous substance for a given purpose, for gauging its uniformity of SU P' 
ply, and as a criterion of its quality (i.e., purity) and consequently its intrinsic 
value. Crude bituminous materials are often purchased on the basis of the per- 
centage soluble in carbon disulfide. In the case of native asphalts, the larger the 
percentage soluble in carbon disulfide, the greater will be their intrinsic value. 
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The percentage ancl composition of the mineral matter will often md.cate tin; 
source of ilie°iiative asphiu, AspluUs derived from pcrroleu.u arc h » 

free from mineral constituents, and with the possible exception of ti c luidu 
.rrades, contain liule to no nonmineral matter insoluble m carbon disulfide. 

° With a native asphalt containing over 10% of mineral matter, it is netessaiy to 
separate the portion soluble in carbon disulfide before ascertaining us physical 
characteristics, fusing point, and sometimes fixed carbon, in whuli case the solu ile 
constituents should he recovered as will be described. . _ 

The determitiation of the carbon disulfide soluble (bitumen) m a sample (it 
bituminous material has been standardized by the ASTM under the designation 
D-l-52 and is performed as follows: 

This method of test is intended for the determination of bitumen in materials 
containing at least 25% bitumen. Bitumen may usually be expeditiously ami 
accurately determined by Procedure No. 1 (given subsequently). However, some 
bituminous materials containing finely divided mineral matter may clog the lillei 
or the mineral residue may not be easily ictaiued. in wliitb case Piotedure No. 2 
shall be followed. 

Apparatus .— The apparatus materials shall consist of the following: 

(a) Gooch crucible, approximately 1.1 cm. in width at the top. tapering to iS.ii 
cm. at the bottom, with a depth of 2.5 cm. 

(b) Asbestos (amphibole), Gooch grade, acid washed, in pieces not exceeding 1 
cm. in length, shredded, and shaken up with water. 

(c) Beakers.— One fit) ml. beaker, Griffin low form, and one 150*ml. beaker, Grif 
fin low form. 

(cl) Carbon disulfide, c.p. 

(e) Filtering flask. 

(f) Filter tube. 

(g) Diatomaceous earth filter aid. 

Preparation of Sample.— The sample shall be representative, and if it contains 
more than 2% of water it shall be dehydrated in accordance with the .Standard 
Method of Test for Water in Creosote (ASTM 1)370-58). If the material is haul and 
brittle, it may be ground, and dried at a temperature below the temperature of 
volatilization of the material. 

Preparation of Gooc/t Crucible, — Insert the filter tube in the stopper of the 
filteiing flask, set the Gooch crucible in the filtering tube, and connect the flask 
to the suction pump. Fill the crucible with some of the suspension of asbestos in 
water, allow it partly to settle in the crucible, and apply a light suction to draw off 
the water, leaving a firm mat of asbestos in the crucible. Add more suspended 
asbestos and repeat the process until a mat is built up which, after ignition, will 
weigh 0.5 ±0.1 g. (Note). Wash the asbestos mat thoroughly with water dry 
m the oven, and ignite to a dull red heat. Cool the crucible in the desiccator 
weigi, and replace it in the dry filter tube supported in the clean, dry filtering flask. 

ai<l). The weights „C S £"“!!!, ' SlThSok hT'"'’ 

specified limits to ensure reproducible results. ' ’ lllUtfo “- ,)c kc P‘ within the 

^“ r, a frs 

add ,00 ,nh of carbon disn.ftde „ the beak'er in ^ 
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agitation, until all lumps disappear and nothing adheres to the beaker. Cover the 
beaker with a watch glass and set it aside for 15 minutes. 

(b) Decant the carbon disulfide solution carefully through the asbestos mat in 
the prepared Gooch crucible, with or without light suction as may be necessary, 
retaining as much sediment as possible in the beaker until the solution has drained 
through the mat. Wash the beaker with a small amount of carbon disulfide and 
transfer all sediment from the beaker to the asbestos mat. Wash with carbon 
disulfide until the filtrate Is substantially colorless, then apply strong suction to re- 
move the remaining carbon disulfide. Remove the Gooch crucible from die tube, 
wash the bottom free of any bitumen, and place the crucible on top of the oven 
until practically all of the carbon disulfide has been driven off. Place in an oven 
at 110“ ± I0 # C. for at least 20 minutes. Cool in a desiccator and weigh. 

(c) If insoluble matter adheres to the beaker, dry the beaker in the oven at llO'C. 
and weigh. Add the weight of this adherent material as a correction to the weight 
of the insoluble matter in the Gooch crucible. 

(d) If a determination of mineral matter be required, ignite the Gooch crucible 
from paragraph (5) at a red heat until any black or glowing spots are burned off. 
Coo! in a desiccator and weigh. The correction, paragraph (c), shall be added 
to the weight of mineral matter in the Gooch crucible. If a carbonate mineral is 
present, add to the ignited mineral matter a few drops of ammonium carbonate 
solution, dry at I00°C., heat for a few minutes to a dull red heat, cool in a desic- 
cator, and weigh (Note). 

Note.— In the event that water-soluble salts insoluble in carbon disulfide are pres- 
ent, the amount of these salts may be determined in accordance with the procedure 
described m the 1937 Report of Committee D-4 on Road and Paving Materials (Vol. 37, 
Part 1). 

(e) If there is any question involving the amount of mineral matter that may 
have passed through the filter, a correction may be determined as described in 
paragraph (d) of Procedure No. 2. 

Procedure No. 2 ( Substantial Amount of Finely Divided Insoluble Matter Pres- 
ent).—(a) Weigh approximately 2 g. of the sample into a tared 30-ml. beaker. Add 
about 0.5 g., weighed to the nearest 0.001 g., of freshly ignited diatomaceous earth 
filter aid. Cover with about 25 ml. of carbon disulfide and stir the filter aid into 
the liquid. Let stand, covered with a watch glass, at least 1 hour, stirring occasion- 
ally to dissolve the sample completely. 

(b) Immediately before starting the filtering process, stir the filter aid into the 
liquid. Wet the asbestos pad in the Gooch crucible with carbon disulfide. Povir 
the solution from the beaker onto the Gooch pad, filling the Goodi crucible to 
the top. Apply light suction and, as the liquid filters through, pour the remain- 
ing contents of the 30-inl. beaker into the crucible. Wash the beaker with a small 
amount of carbon disulfide and transfer all sediment from the beaker to the as- 
bestos mat. Wash with carbon disulfide until the filtrate is substantially colorless, 
then apply strong suction to remove the remaining carbon disulfide. Remove 
the crucible from the tube, wash the bottom free of any bitumen, and place on 
top of the oven until practically all of the carbon disulfide has been driven off. 
Place in the oven at 1 10* ± 10*C. for at least 20 minutes. Cool in a desiccator and 
weigh. 

(0 If insoluble matter adheres to die beaker, dry the beaker in the oven at 



EXAMINATION OF BITUMINOUS SUBSTANCES 987 

H0°C. ancl weigh. Add the weight of this adherent material as a correction to the 
weight of the insoluble matter in the Gooch crucible. 

Id) Ignite the evaporating dish to a dull red heat, cool in a desiccatot and weigh. 
Pour the filtrate from the filtering flask into tlte dish and wash the flask thoioughly 
with carbon disulfide, putting these washings into the dish also. Burn off tlte car- 
bon disulfide in a hood and ignite the residue until no black or glowing spots 
remain. Extreme care must be exercised during the ignition to prevent the light 
mineral matter from being blown out of the dish. Cool in a dessicator and weigh 
immediately. This weight shall he added as a correction to the weight of the 
insoluble matter in the Gooch crucible. 

* (t-) If a determination of mineral matter be required, ignite the Gooch crucible 
from paragraph (b) at a red heat until any black or glowing spots are burned olf. 
Cool in a desiccator and weigh. The corrections described in paragraphs (r) and 
(d) shall be added to the weight of mineral matter in the Gooch crucible. If a 
carbonate mineral is present, add to the ignited mineral matter a few drops of 
ammonium carbonate solution, dry at IOO"C., heat for a few minutes to a dull red 
heat, cool in a desiccator and weigh. 

(/) The weight of filter aid used must he subtracted fiom the total weight of 
insoluble residue and also from the total weight of mineral matter in the Gooch 
crucible in order to obtain net weights. 

Calculations and Report.— Calculate the bitumen content, mineral matter, and 
difference as follows: 

Bitumen content, %, .V = — X 100 


Mineral matter, %, V — 


C-'r D 
A 


v 

A 


100 


Difference = 100 — (.V -{- }') 

where A — weight of water-free sample 

B = net weight of insoluble residue 
C = net weight of ignited mineral matter 
D = total weight of correction 


Report the bitumen content as a percentage by weight of the water-free material 
Also report mineral matter and dillerence. if required, as percentages bv weight 
of the water-free material. Report whether Procedure No. 1 or No used* 


CAR BENTS 

The expression “carbcnes” has been applied to that portion of bituminous sub- 
stances soluble in carbon disulfide. but insoluble in carbon tetrachloride T is st 
is of value nr identify, ng bituminous substances, gaugin- their uniform;, 
ply for purposes of factory control, and as a criu-rto" V their 
lard natne asphalts and asphalutcs, particularly grahamite normally • ’* * 
percentage of carbenes, whereas- petroleum asphalts do not sli^ In’? ! " 
they are overheated or overblown. If more than 0 5<" is - u , nlcss 

asphalts their quality is to be regarded as questionable. C benes Z'T 
tars and pitches m varying amounts. 1 b Ulti ,Uc found m 
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Although carbencs are found in grahamite and certain hard natural asphalts 
when tested as such, they disappear upon fluxing to a softer consistency. With pe- 
troleum asphalts, tars, and pitches, the carbenes are of a different character, since 
they are insoluble in fluxes and do not disappear upon being so treated. 

The procedure for the determination of bitumen soluble in carbon tetrachloride 
has been standardwed as follows as ASTM D165-42: 

Procedure.— An amount of material which shall contain approximately 1 g. of 
bitumen shall be weighed into a tared Erlenmeyer flask. One hundred milliliters of 
chemically pure carbon tetrachloride shall be added to the flask in small portions 
with continued agitation until all lumps disappear and nothing adheres to the bot- 
tom. The flask shall be corked and set aside in subdued light for at least 12 hours. 

The Gooch crucible, prepared as for the determination of bitumen soluble in 
carbon disulfide shall be set up with the suction flask and the carbon tetrachlo- 
ride solution carefully decanted through the asbestos felt, with or without light 
suction as may be found necessary. No sediment shall be allowed to go onto the 
filter. A small amount of carbon tetrachloride shall be used to wash down die 
sides of the flask and then the precipitate shall be brought onto the felt and die 
flask scrubbed with a feather if necessary to remove all precipitate. The contents 
of the crucible shall be washed with carbon tetrachloride until the washings arc 
colorless. Suction shall be applied to the crucible to remove the carbon tetrachlo- 
ride. The crucible shall be dried in the oven at 100° to 125°C. for 20 minutes, 
cooled in the desiccator, and weighed. 

In case insoluble matter adheres to the flask, it shall be dried and weighed, and 
the inciease in weight over the original weight shall be added to the weight of 
insoluble matter in the crucible. 

In case there is any question involving the amount of mineral matter that may 
have passed through the filter, evaporate the filtrate and burn the bituminous 
tesiduc. If a carbonate mineral is present in the filtrate ash, add to the ash a 
few drops of ammonium carbonate solution, and dry at 100°C., then heat for a 
few minutes to a dull red heat, and cool in the desiccator. Weigh and add the 
weight of the ash obtained to the weight of matter insoluble in carbon tetra- 
chloride. 

The proportion of bitumen soluble in carbon tetrachloride shall be reported on 
the basis of total bitumen taken as 100: 

Proportion of bitumen soluble in carbon tetrachloride 

__ bitumen soluble in carbon tetrachloride 
total bitumen 

The difference between the percentages soluble in carbon disulfide and carbon 
tctradi lor idc, respectively, represents the per cent of "carbenes.” 

SOLUBLE IN PETROLEUM NAPHTHA 

This test is employed mainly for purposes of identification. It is also used to a 
certain extent for determining the adaptability of bituminous substance for a given 
use, for gauging the uniformity of supply, and for purposes of factory control. As 
a general principle, die harder the bituminous product, the smaller will be the per- 
centage that dissolves in petroleum naptha. Asplialti(es are relatively insoluble in 
this menstruum. Mineral waxes, peat-, lignite- and shale-tars or pitches are Jaigdy 
soluble. 'live solubility of native and petroleum asphalts varies, depending largely 
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upon their hardness, and also in the case of petroleum asphalts upon the extent 
to which the distillation has been carried. Coal-tar pitches are relatively insoluble 

in 88° Baume petroleum naphtha. 

The portion soluble in petroleum naphtha has been termed petrolenes >, 
some, and "malthencs" by others, whereas the nonmineral constituents ‘".soluble 

in naphtha are generally referred to as “asphaltenes. ... , 

Tr k imnortant that the petroleum naphtha should be derived from petroleum 



bituminous substance. 

The results will be more consistent if the petroleum spirits is first washed with 
fuming sulfuric acid to remove the aromatic constituents. I here appears to be 
no difference in the results if the precipitation is carried ont at any temperature 
between 0° and 32°C. As the boiling point of the petroleum spirits employed in 
making the test increases, the quantity of precipitate decreases. I he fraction below 
105T. appears to give the most reliable results. 

Asphaltenes show increasing solubility in solvents in the order of their surface 
tension (e.g., ether, benzol, carbon disulfide, and pyridine). Kther has been lecom- 
mended as a substitute for petroleum naphtha because it is a homogeneous sub- 
stance, not requiring standardization, and in addition has good flocculating piop* 
erties and exerts a greater solvent action on Imltoxy acids present in certain 
asphalts. 

This method is performed in the same manner as for determining the portion 
soluble in carbon disulfide, petroleum naphtha being substituted for the latter. 
Hard bituminous substances should be powdered; liquid bituminous substances 
flowed in a thin layer over the bottom ol the flask; and .semisolid to semitiquid 
substances heated until fluid and distributed in a thin layer to pjeseiu a gieaici 
surface to the solvent. It is advisable not to Use a stirring rod. as this causes the 
bituminous substance to adhere to the inner surface ol the flask amt to the rod 
itself. The operation should take place at room lemperaiuie. and away fiom the 
direct rays of the sun. The introduction of a weighed portion ol long-fibcred as- 
bestos to the solution will assist in its filtration. 

This method has been standardized by the American Association of State High- 
way Officials under the designation of A AS HO T-16-35. It is not an ASTM 
Standard Method. • ' 

The percentage of asphaltenes varies considerably; thus, with asphalts all hav- 
ing the same R. and B. fusing point of HOT., the following are obtained: ex- 
tracted asphalt from Irinidad asphalt 87%, Mexican residual asphalt 20°' Cali- 

, m , r ,^ Ua U SphaU rolo.nbian residual asphaU 1U%, Illinois vicinal 

asphalt 12%, Texas residual asphalt 9 to 17%. 

BENZENE INSOLUBLE (“FREE CARBON") 

This test is generally used for testing tars and pitches for the presence of non- 
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manufacturing purposes, since the free carbon acts as so much inert matter. The 
term “free carbon" is a misnomer, since it is not elemental carbon, but a complex 
mixture of hydrocarbons of high molecular weight, containing 90.0 to 91.7%' 
carbon, 3.4 to 4.0% hydrogen, 1.0 to 1.2% nitrogen, 2.5 to 3.3% oxygen and 0.7 to 
1.4% sulfur, on the ash-free basis. The presence of hydrogen has been explained 
by the great absorptive power of carbon in its pure state, which retains. hydrocar- 
bons tenaciously, as well as hydrogen, which is not driven off at temperatures as 
high as 800*0. Free carbon is more soluble in aniline or pyridine than in benzene 
or carbon disulfide. Selenium oxychloride exerts the greatest solvent action- upon 
it, but unfortunately the residue cannot be freed from this solvent. It -is also 
partially decomposed by digesting with hot fuming nitric acid. 

The determination of benzene-insoluble matter has been standardized by the 
ASTM under the designation D367-49 and is performed as follows: 

These methods are intended for the determination of benzene-insoluble matter 
in creosote and creosote-coal tar solutions. The asbestos mat method is the pre- 
ferred method, whereas the porous thimble method may be used as an alternate. 
The asbestos mat method gives accurate results and requires 3 or 4 hours less time 
than the porous thimble extraction method. 

ASBESTOS MAT METHOD 

Apparatus and Materials.— The apparatus and materials shall consist of the fol- 
lowing: 

(a) Filter Flask with crucible holder and means for producing a vacuum. 

(b) Asbestos Fiber.~A water suspension of medium-fiber acid-washed asbestos 
containing from 10 to 15 g. of asbestos per liter. 

(c) Filtering medium consisting of a Coors No. 3, or equivalent, Gooch filtering 
crucible approximately 35 mm. in diameter at the top, 22 mm. at the bottom, and 
40 mm. in height, containing a mat of medium-fiber acid-washed asbestos weighing 
at least 0.5 g. 

(d) Balance sensitive to 0.5 mg. 

(e) Benzene, 2° distillation range, conforming to the Standard Specifications for 
Industrial Grade Benzene (ASTM D836-50). 

(f) Acetone, c.p. 

Preparation of Filter Mat.— Place the weighed Gooch crucible in the holder on 
the filter flask and pour in about 5 ml. of the well-shaken asbestos suspension. Let 
stand for about 1 minute; then apply gentle suction and suck the mat dry. ,Add in 
four increments the amount of suspension calculated to produce a mat weighing 
0.5 g. When the required amount of asbestos has been added, wash die sides of 
the crucible free of particles and wash the mat'at least three times with distilled 
water to ensure die removal of any loose material. Suck the crucible dry, remove 
it from the holder, and dry for at least 1 hour at 1 05 8 ± 5"C. Cool in a desic- 
cator and weigh. 

Procedure.— Use the original undehydrated sample. If necessary, heat the sample 
and stir until any crystalline material is in solution and the sample is homogeneous. 

Weigh the following size of sample, to the nearest 0.01 g., into a 100-ml. beaker 
or 125-mi. Erlenmeyer flask: 


New grade 1 creosote, g.. 10 ± 1.0 

Used creosote and grade A solution, g 5 ± 0.5 

Grades C and B solutions, g 2.0 ± 0.1 



examination of bituminous substances 


091 


Warm 50 ml. of benzene to a temperature of 50° to GU“C. and immediately a I 
it to the sample, while stirring thoroughly. Continue stirring until the sample is 
dispersed and the bottom of the beaker is clean. Bring the beaker or flask con- 
taining the solution to boiling on a hot plate. 

Wei<di a prepared crucible and mount in the section apparatus. I* ill the cru- 
cible halfway with boiling benzene and, with the suction turned on, slowly pour 
the mixture containing the sample into the crucible before the solution first 
introduced has been drawn entirely through the asbestos mat. I ake care that the 
mat is never free from liquid, either during the addition of the sohuion contain- 
ing the sample or during the subsequent washing with ben/ene. 77m a very im- 
portant. Wash the beaker or flask with hot ben/ene, using a policeman until 
clean, and adding the washings to the crucible. Wash the crucible and contents 
with hot benzene until the washings are colorless. Reduce the suction and wash 
the contents with acetone until the washings are colorless. Four additions of ap- 
proximately 5 ml. each are usually sulfitient. 

Remove the crucible from the holder and wipe the outside clean with a paper 
wet with benzene. Dry at 105° i 5°C. for 20 minutes, cool in a desiccator, and 


weigh. 

Determine the percentage of water in the original sample in accordance with the 
Standard Method of Test for Water in Creosote (AST.Nl 1)370-58). 

Calculation.— Calculate the benzene-insoluble matter as a percentage of the water- 
free preservative, as follows: 


Benzene-insoluble matter, % 


100(. l - B) w 100 
C A (lUCT-D) 


where ,1 = weight of crucible after filtration, in grams 

B — weight of prepared crucible before filtration, in grants 
C = weight of sample used, in grams 
D = percentage of water in the sample 


POROUS THIMBI.E METHOD 

Apparatus and Materials .— The apparatus and materials shall consist of the fol- 
lowing: 

(a) Extractor of the form shown in fig, 28-16, in which a thimble containing the 
sample is subjected to direct washing by the hot solvent. The extraction flask is 
fitted with a metal cap condenser. 

(b) Filtering medium consisting of a flat-bottom, 30- by S0-mm.. RA 98 aluudiim 
thimble. It shall be suspended within the extraction flask in a wire basket bun- 
from the condenser. 

(c) Balance sensitive to 0.5 mg. 

(d) Benzene, 2- distillation range, conforming to ASTM Specifications DSiiG-aU. 
Procedure -Use the orrg.nal undehy, haled sample. If necessa, v, heat the sample 

“i"T C1 ?' Stall .'"° '" au;rul IS in solulio " ‘did the sample is homogeneous 

‘ Sam, ’ ,e ' l ° " ,C '-her 


New grade I cresote, g 

Used creosote and grade A solution, u 
Grades B and C solutions, g. , . . 


10 ± 1.0 
5 ± 0.5 
2.0 ± 0.1 
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Warm 50 ml. of benzene to a temperature of 50° to 60 e C. and immediately add 
it to the sample, while stirring thoroughly. Continue stirring until the sample is 
dispersed and the bottom of the beaker is clean. 

Prepare the thimbles for use by removing any insoluble material with a brush and 
igniting at a bright red heat in a muffle or over a Meker burner until any com- 
bustible material has been burned off. Cool somewhat; then cool to room tem- 
perature in a desiccator and weigh. 

Wet a thoroughly clean, ignited and weighed thimble with approximately 10 ml. 
of benzene, pour out the excess, and immediately transfer die benzene solution of 

the sample into the wetted thimble; 
the solution shall not more than half 
fill the thimble at any time. Wash 
the beaker or flask with benzene, rub 
with a rubber policeman, and add the 
washings to the thimble. 

As soon as all the washings hate 
been added to the thimble, place in 
the extraction apparatus, which shall 
contain approximately 100 ml. of ben- 
zene. Heat sufficiently to maintain a 
continuous dropping of benzene from 
the condenser coil at a rate of not 
less dian 60 drops per minute and a 
maximum rate that will leave 15 mm. 
of the thimble empty. Continue the 
extraction until solvent dropping from 
the thimble is colorless, but for a pe- 
riod of at least 3 hours. 

After extraction, remove the thim- 
ble from the flask and allow to drain 
free from benzene. Dry the thimble 
at 105° ± 5°C. for not less than 60 minutes, cool in a desiccator, and weigh. 

Calculation.— Calculate the benzene-insoluble maLter as a percentage of the 
water-free preservative, as follows: 



-Water Outlet 

- Hook to Support 
Wire 

• Condenser 

-Alundum Thimble 

- Wire Support for 
Thimble 


Fig. 28-16. Extraction Flask. (Courtesy 

ASTM ) 


U ■ i i ^ 100(/1 - B) 100 

Benzene-insoluble matter, %, = — X -r— tct 

C (IUU — - U) 

where A ~ weight of thimble after extraction, in grams 

B = weight of clean thimble before extraction, in grams 
C = weight of sample used, in grams 
D — percentage of water in the sample 

The ASTM method above has special reference to creosote and creosote-coal-tar 
solution. It may be used for coal-tar pitches, in which case the porous thimble al- 
ternate method should be used. 

Various modifications of the above method are in common industrial use. 
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TOLU E N E I NSO LU B L E 

This test is usually performed by heating the pitch sample in toluene at !IU to 
100°C, and filtering through a sintered crucible. The test has been .standardized 
by the Standardization of Tar Products Tests Committee (British) as Serial .No. 
P.T. 7-57. 

A typical modified method i$i performed as follows. 

Pour GO ml. of toluene into a 100-ml. beaker containing the unshed and 
weighed sample, stirring continuously to ensuie complete mixture of the sample 
and toluene and thorough dispersing ol the insoluble matter. Plate the beaker 
immediately on a steam bath or water bath, heat the solution to from 00“ to 100 C. 
and maintain at this temperature for a period of not less than 2U not more than 
;S0 minutes. Stir occasionally during this period and make tetlaiu that the sample 
is completely dispersed in the toluene. 

Filter the hot toluene solution through a previously piepaml and weighed ex- 
traction thimble and use small additional quantities ol toluene to transfer the 
insoluble material to the thimble. When substantially all the toluene has drained 
from the thimble, wash the thimble and its couteiits omc with a small quamitv 
of benzene. 

Place the drained thimble in the extraction apparatus and extract with ic-lluxiiig 
benzene as in ASTM D3G7-19 except that the time of extinction shall be not less 
than 18 hours and not more than 21 hours. 


O U I N O L I X E I NSO I . U B 1 -E 

w 

This test has not been standardized, hut a typical method of pci forming the 
test follows. 

Apparatus .— The apparatus shall consist of: 

(a) Suction flask, 500-ml. capacity. 

(b) Filtering crucibles, Selas porcelain, medium porosity. 

(c) Crucible holders. 

(d) Water bath, maintained at 70“ to 80 a C. 

(e) Drying oven, maintained at 105“ to 11 (PC. 

(f) Filter aid, Celite 505 (Non:). 

Note.— Celite gains wdglu slowly when exposed to air: therefore rapid wci'diing is 
essential for accuracy. • n n 


Reagents.— The special reagents required are: 

(a) 95% quinoline, F.P. -19.1PC. minimum 95% shall distill within 2"C in- 
eluding the temperature of 237. i°C. 

(b) Benzene, pure grade. 

Procedure.— Prepare a filtering crucible with a layer of approximately 0.5 g. of 
filter aid, and dry in an oven for 30 to GO minutes at 105“ to HOT Cool in i 
desiccator and weigh quickly for the tare weight (Note). 


Note.— C rucibles must be cleaned before each lest bv 
dning, and igniting in a imdlle furnace at approximately 
clean the crucible. After six tests the crucible should be 
chloric acid to clear residual ash from the (liter pores. 


removing the mat. washing, 
950 3 C. lor sufficient time to 
washed in hot dilute hytlto- 


Accurately weigh Iron, 1 to 5 g. ol sample (Note) ami place i„ a IllOml beater 
comatmng another 0.3000 g. ot dried filter aid. Add M m | of . 

dtgest on a water bath at 70- to WC tor ,5 minutes, stM^'octSt 
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through die prepared crucible, first wetting the crucible with a little quinoline and 
starting the suction before filtering. Rinse the beaker with another 25-mi. por- 
tion of warm quinoline. Police and wash the beaker and filter with small por- 
tions of benzene using a total of 100 ml. of benzene. Allow filter to drain com- 
pletely between each washing. 

Note.— S ample weight should be such as to yield 0.1 g. of quinoline insoluble. 

Suck the crucible dry for several minutes, then place in an oven for 30 minutes 
at 105° to HO'C. Cool in a desiccator and weigh quickly. 



where QI = quinoline insoluble 

A — final gross weight of the crucible (wt. of quinoline insol. + filter aid added 
to sample + tare wt. of crucible) 

B =* weight of filter aid added to sample (0.5000 g.) 

C = tare weight of prepared crucible 
D — weight of sample taken 

ANTHRACENE OIL INSOLUBLE 

A typical method of performing this test requires' an anthracene oil as follows: 

Specific gravity at 15®C 1.085 

Distillate to 250°C., maximum. ....... 10% 

Distillate to 315°C., minimum 32% 

Distillate to 355 °C., maximum 51% 

Distillate to 355 °C., minimum 64% 

A 2-g. sample of the pitch is placed in a flask and 100 ml. of anthracene oil added. 
Any water in the oil is driven off, and the material heated under reflux for 30 
minutes. The hot solution is then filtered through a weighed Pyrex filtering cru- 
cible and the insoluble material washed with hot pyridine and benzene. 

CHEMICAL TESTS 

DETERMINATION OF WATER 

The estimation of water is made in some cases for purposes of identification, and 
in others as a criterion of the quality. Native asphalts and tars are examined 
in this way to ascertain whether they exist in the crude or the dehydrated state. 
This test is also used for dehydrating bituminous substances to render them suit- 
able for further examination, where the presence of water would interfere. 

This method is adapted to crude petroleum, tars, creosote oil, and other fluid 
bituminous substances and is standardized as ASTM D370-58. 

Apparatus .—' The apparatus is set up as shown in Fig. 28-17. The copper still is 
provided with a removable flanged top and yoke of the form and approximate 
dimensions shown in Fig. 28-18. 

The condenser consists of a copper trough carrying a straight-walled glass tube. 
The separatory funnel has a total capacity of 120 ml. with the outlet graduated in 
fifths of a milliliter. 

Procedure .— Pour 200 to 500 ml. of bituminous material into the still and weigh* 
Clamp the top in place, using a paper gasket moistened with lubricating oil. App ) 
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Fig. 28-17. Assembled Apparatus lor Water Test. (Courtesy A. STM.) 

distillate in the separatory funnel, and let it stand until a clean separation of 
water takes place. Read olf the volume of water, calculate its weight, and figure 
the per cent present in the crude bituminous material. 

When it is desired to determine the percentage of 
moisture without using the residue for other purposes, a 
convenient method consists in distilling it with a solvent. 

The following procedure has been standardized as ASTM 
D95-58. 

Apparatus .— The apparatus shall consist of a metal still 
or glass flask, heated by suitable means and provided with 
a reflux condenser discharging into a trap connected to 
the still or flask. The trap serves to collect and measure 
the condenser water and to return the solvent to the still. 

The type of distilling apparatus used is not an essential 
feature of this method, but glass has been generally used 
for petroleum products and the metal still for road ma- 
terials and tars. ** WOn-Tit sh*mj 

(a) The metal still (Fig. 28-19 («)) shall be a vertical Fig. 28-18. Copper Still, 

cylindrical vessel, preferably of copper, having a faced (Courtesy ASTM.) 

flange at dte top to which the head is tightly attached 

by means of a clamp. The head shall be of metal, preferably of brass or copper 
and be provided with a tubulation 1 in. in inside diameter. ‘ 1 

(b) The glass flask (Fig. 28-19 ( b )) shall be of the short-neck, round-bottom type 

made of well-annealed glass, having an approximate capacity of 500 ml. ' 

(c) The burner used with the metal still shall be a ring gas burner -1 in. (100 mm.) 
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in inside diameter. With the glass flask, an ordinary gas burner or electric lieatet 
may be used as the source of heat. The condenser shall be of the water-cooled, 
reflux, glass-tube type, having a condenser jacket not less than 400 mm. (15% in.) 
in length with an inner tube 9.5 to 12.7 mm. (% to V> in.) in outside diameter. The 
end of the condenser to be inserted in the trap shall be ground off at an angle of 
30° from the vertical axis of the condenser. 

(d) The trap shall be made of well-annealed glass constructed in accordance with 
Fig. 28-19 (f) and shall be graduated as shown, from 0 to 10 ml. in 0.1-mI. divisions. 



Frc. 28-19. Apparatus for Water Test. (Courtesy ASTM.) 


The error of any indicated capacity shall not be greater than 0.05 ml. The outside 
diameters should be preferably 2.5 to 3.5 mm. to % in.) greater than the inside 
diameters specified. 

Solvent.— (a) The solvent used when testing petroleum products or bituminous 
materials derived from petroleum shall be a petroleum distillate, free from water, 
and shall conform to the following distillation requirements: 

s ^ a |j distill at a temperature not below 194°F. (90°C.) nor above 212°F. (100°C.) 

90% shall distill below 410°F. (210°C.) 

(b) I he solvent used when testing bituminous materials derived from coal tar, 
water-gas tar, etc., shall be x>lcnc or a blend of 20% benzene and 80% xylene. 

Sample.— 1 he sample shall be thoroughly representative of the material to he 
tested and the portion of the sample used for the test shall be thoroughly repre- 
sentative of the sample itself. Deviation from this requirement shall not be per- 
mitted. 
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NnTE The difficulties in obtaining proper representative samples for this determination 

J r^usua?; gnS SO S the importance of sampling cannot be too strongly emphasised. 

Procedure— When the sample to be tested contains less than 10% , of tvater, ex- 
actly 100 ml. of the material to be tested shall he placed into the Mill or flask anti 
thoroughly mixed with an equal volume of solvent by swirling, proper tare being 
taken to avoid any loss of material. If the material is measuied by volume, an 
accurate 100-ml. graduated cylinder shall lie used and the contents transferred to 
the still by rinsing with one 50-ml. portion of solvent, followed by two succes- 
sive 25-ml. portions of solvent, the cylinder being allowed to drain each lime. 
When the sample to be tested contains more than 10% of water, the volume 
of material used shall be decreased to that which will yield somewhat less titan 
10 ml. of water. 


Note.— In special cases where lire water content exceeds 10% and it is not dcsitahle to 
reduce the si/e of the sample to that which will weld somewhat less than 10 nil. of 
water, a distilling lube receiver graduated hum 0 in 25 ml. mav he used. This lube 
shall lie graduated from 0 to 2 ml. in 0.1 ml., ftom 2 to 5 ml. in 0.2 ml. and from a to 
25 ml. in 0.5 ml. 


The connections between the still or Husk. trap, and condenser shall he made 
by means of tight-fitting corks or standard taper gtoutui joints. When the metal 
still is used, a heavy paper gasket moistened with the solvent shall be inserted 
between the lid and flange before attaching the damp. A loose cotton plug 
shall be inserted in the top of the condenser tube to prevent condensation of 
atmospheric moisture in the condenser tube. The condenser tube and trap 
must be chemically clean to assure free drainage of water into the bottom of the 
trap. 

Heat shall then be applied and so regulated that the condensed distillate falls 
from the end of the condenser at the rate of from two to five drops per second. 
The ring burner used with the metal still should he placed about 3 in. above 
the bottom of the still at the beginning of the distillation and gradually lowered 
as the distillation proceeds. 

The distillation shall be continued at the specified rate until no water is visible 
on any part of the apparatus except at the bottom of the trap. This operation 
usually lequiies less than an hour. A persistent ring of condensed water in the 
condenser tube shall be removed by increasing the rate of distillation or cutting oil 
the condenser water for a few minutes. 


The volume of condensed water measured in the trap at room temperature 
multiplied by 100 and divided by the volume of the sample used shall he the 
percentage of water and shall be reported as "... % water by volume ASTM 
method.” 

The accuracy to be expected with this method is that duplicate determinations 
of water should not differ from each other by more than one division on the trap. 


SULFONATION RESIDUE 
The sulfonation residue test is useful for distinguishing 
petroleum origin which have a high residue and materials of 
have a low' residue. 


between 

coal-tar 


materials of 
origin which 


The test is performed by heating the sample with 37 
urtng the volume of the unsulfonated oil. 


A' sulfuric acid and 


metis- 
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The test has been standardized by the ASTM under the designation D872-48 
and is performed as follows; 

This method covers die test for determination of the sulfonation index of road 
tars. The method is intended for use in determining die sulfonation index of the 
total distillate to 300°C. (572*F.), or of the fraction of the distillate from 300° to 
355®C. (572° to 671®F.), obtained by distillation of the road tar in accordance with 
the Standard Method of Test for Distillation of Tar Products Suitable for Road 
Treatment (ASTM D20-56). 

The sulfonation index of road tar is the number of milliliters of unsulfonated 
residue per 100 g. of tar when determined in accordance with this method. 

Apparatus .— The apparatus shall consist of the following: 

(a) Test Bottles.— The test bottles shall be made of good quality glass and shall 
be 6-in„ 18-g., either 8 or 10%, Babcock milk test bottles. The capacity to the 
base of the neck shall be 45 to 50 ml. The graduated portion of the bottle shall 
contain 1.60 ± 0.025 ml. for the 8% test bottle and 2.00 ± 0.025 ml. for the 10% 
test bottle (at a temperature of 25°C. (77°F.)) The 8% test bottle shall be grad- 
uated in eight major divisions with each major division further divided into ten 
subdivisions, and the 10% test bottle shall be graduated in ten major divisions 
with each major division further divided into five or ten subdivisions. Each line 
for the major divisions shall extend at least three-fourths of the way around the 
neck and be numbered from the bottom 1, 2, etc. Within the range from 0 to 8 
for the 8% test bottle and 0 to 10 for the 10% test bottle, the maximum error in 
volume shall not be greater than 0.025 ml. The graduation marks shall be dear 
and fine, not more than 0.3 mm. in width. The body of the bottles shall have a 
ground area of at least 2 sq. cm. for numbering. 

(b) Water Baths.— Two water baths, as follows: 

1. A water bath maintained at 25* ± 0.3°C. (77* ± 0.5°F.) and of such depth that, 
when a test bottle is immersed, the upper level of its contents is below the surface 
of the water. 

2. A water bath maintained at 98® to 100°C. (208° to 212°F.) and of sufficient 
depth to permit complete immersion of the body of the test bottle. 

Reagents, (a) Sulfuric Acid, 37 N.— Prepare 37 N H 2 S0 4 by blending reagent- 
grade fuming and concentrated sulfuric acids to 98.61 ±0.2% H 2 S0 4 , as deter- 
mined by titration. 

(b) Sulfuric Acid, sp. gr. 1.84. 

Procedure.— (a) Weigh 5 ± 0.1 g. of the distillate or fraction of distillate (first 
paragraph) into die test bottle. If the distillate contains solid matter, warm the 
distillate in a liot-water bath, while stirring until the solid matter has melted before 
taking the sample for testing. 

(6) Slowly add 10 ml. of 37 N H L ,S0 4 to the test bottle from the buret in such a 
way as to wash down any distillate remaining in the neck of the bottle. Shake 
the test bottle for 2 minutes. Do not allow the temperature of this acid-distillate 
mixture to approach 100®C. (212®F.), as indicated by the bottle becoming too 
warm to touch, or by the contents foaming excessively; cool the test bottle in ice 
water if necessary. If the distillate contains solid matter that does not readily dis- 
perse in die acid, warm the acid-distillate mixture in the hot-water bath to liquefy 
die solid matter. 

(c) Add 10 ml, more of 37 N H 2 S0 4 as described in paragraph (5), and shake the 
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bottle vigorously for 30 seconds. Then place the test bottle in the water bath 

maintained at 98° to 100°C. (208° to 2 12° I'.). 

tljc bath for 10 niiuutes remove it. shake 

bath maintained 

boils over at this 


(d) After the test bottle has been in the bath for 10 tin mats u 
vigorously for 30 seconds, and replace immediately in the water ba 
at°98° to 100°C. (208° to 212°F.). If the acid-distillate mixture hot 

stage, discard it and repeat the test. ... 

( e \ Repeat the procedure described in paragraph (d) for a total of six 10-immitc 

immersions and shakings. After the last shaking, allow the bottle to cool approxi- 
mately to room temperature. 

(/) Add sufficient H..SO, (sp. gr. 1.8-1) to the contents of the test bottle to raise 
the liquid level in the neck to near the top of the graduations. Place the test 
bottle and its contents in the centrifuge and whirl at a speed of appioxhuately 
1000 r.p.m. for 5 minutes. Remove the bottle from the centrifuge and place in 
the water bath at 25°C. (77° F.) so that the contents of the bottle are imiuetscd 
below the surface of the water. After 10 minutes remove the test bottle from the 
bath and read the volume of the oil to within one-tenth of a major division. Re- 
peat the centrifuging until the volume of oil is constant. 

(g) Generally, the unsulfonated residue is a clear transparent oil. Occasionally 
some white or even dark-colored solids may he present. In case solid materials 
appear that cannot be melted in the water bath without causing overflow of the 
bottle, make a new test. Follow the same procedure as described in paragraphs 

(a) to (/), except that upon removing the bottle from the hot-water bath, after 
the six immersions and shakings [paragraph (<•)], fill it immediately with ILSO, 
(sp. gr. 1.84) to a point below the top ol the graduations to allow room for ex- 
pansion. Whirl the bottle in the centrifuge for 3 minutes and again heat for r ) 
minutes in the water hath maintained at 98° to 1(IU U C. (208° to 2I2T\). Repeat 
this cycle until the volume of the oil is constant. Make the final reading of the 
volume while the test bottle is immersed in the hot-water hath at 98“ to lUU'C. 
(208° to 212°F.). Any material that is solid at tin's temperature (resins) shall not 
be included as unsulfonated residue. 

(/i) After a constant oil volume has been obtained by tenti ifugiug, note the 
difference in the readings of the upper and lower meniscuses of the separated oil. 
Multiply by 0.2 to obtain the number of milliliters of unsulfonated residue in the 
sample. 

Precautions.— («) It is extremely important that all glassware used in this test 
shall have been thoroughly cleaned and dried before use. 

(b) The required amount of vigorous shaking is very important, and in no case 
shall the designated number of shakings or tiie time of shaking be decreased below 
the limits set. It is also important that the shaking shall he such that the distil- 
late will be completely dispersed through the acid at the conclusion of each shak- 
ing period. If excess foaming results from the shaking after any heating interval 
the bottle shall be cooled for 15 or 20 seconds in a cold-water bath, after which the 
shaking can usually be continued without foaming of the contents 

(c) The rate of whirling may be decreased to avoid breakage of die test bottles. 

n a cases, however, the centrifuging shall be continued until a constant reading 

of the volume of unsulfonated residue is obtained. * 

(d) If a separate layer of unsulfonated residue cannot be readily observed be- 
cause of its being dark colored or because of the presence of sol irk -i r 1 

° £ a solution of NaOH (100 * per >.) shall he add^ ,oT 
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bottle. Any portion soluble in this reagent shall not be included as unsulfonated 
residue. 

Calculation and Report.— (a) Calculate the sulfonation index as follows: 

AB 

Sulfonation index = 

where A = milliliters of unsulfonated residue in the sample [paragraph (A) under 
Procedure] 

B — percentage, by weight, of distillate in the tar 
C = weight in grams of the sample of distillate 

(b) Report the sulfonation index to the nearest 0.1 

SAPONIFIABLE CONSTITUENTS 

Certain bituminous substances, such as montan wax, rosin pitch, and fatty-acid 
pitch, are often composed largely of saponifiable constituents. Others, including 
pine tar, pine-tar pitch, hardwood tar, hardwood-tar pitch, peat tar, lignite tar* 
bone tar, bone-tar pitch, and other forms of fatty-acid pitches, contain smaller 
percentages. This test is also used for gauging the unifoimity of supply, and in 
the case of fatty-acid pitches, as a criterion of the quality. 

Procedure .— The following procedure may be used for examining bituminous ma- 
terials or admixtures of bituminous materials with animal or vegetable oils and fats, 
since the customary methods do not adapt themselves especially well, due to the 
formation of troublesome emulsions. The bituminous material is first freed from in 
soluble constituents, including any mineral matter, by boiling with benzene under 
a reflux condenser, cooling, and filtering through a Gooch crucible. The insoluble 
constituents are dried at 100°C. and weighed. Sufficient of the bituminous sub- 
stance should be taken to yield approximately 5.0 g. of extract. The benzene 
solution is evaporated or distilled to 50 ml. and 50 ml. of the saponifying liquid 
added from a pipet. This should consist of a 10% solution of caustic potash, pre- 
pared by dissolving 100 g. of anhydrous potash in 500 ml. of 95% ethyl alcohol, 
and diluting to a liter with 90% benzene. The liquid is allowed to stand over- 
night to permit any carbonate to settle, and the clear solution is decanted. After 
die saponifying agent is added, the mixture is boiled under a reflux condenser, 
for 30 to GO minutes, and the contents of the flask, while still warm, poured in a 
separatory funnel containing 150 nil. of boiling water and 25 ml. of a 10% solu- 
tion of potassium chloride. Add 250 ml. of benzene, agitate vigorously, and allotf 
the funnel to rest quietly in a warm place until the solvent separates. If 3,1 
emulsion forms which refuses to separate on standing, add 200 ml. more benzene 
and 100 ml. 95% ethyl alcohol and stand in a warm place overnight. This wfl 
invariably effect a more or less complete separation of the solvent. ' From tin* 
point on the method is illustrated by the tabular outline on p. 1001. 

In the case of bituminous materials that are more or less completely saponifiable 
the intermediate layer is apt to be absent. In this case the process will simplify 
itself considerably. The foregoing procedure will separate the unsaponifiable con 
stituents in practically an ash-free state. 
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Saponify as described. 

.ho sc|>.ir;uory L 


Aqueous Soap Solution. 
Exhaust with 200-ml. portions of benzene. 


Aqueous Soap 
Solution. 


Combined Benzene 
Extracts. 


Benzene Layer. 


Combine and exhaust with 100-ml, por- 
tions of 50% alcohol. 


Benzene Solution. 


Combined Alcoholic 
Extracts. 


Intermediate Layer. 


Combine and exhaust with benzene. 


Combined Benzene 1 Alcoholic Soap Solu- 
Ex tracts. j cion. 


Combined evaporate to a small bulk, com- j 
plete the evaporation at 100 a C., cool and | 
weigh the (fmaponiftable Constituents. ; 


Combine • ■ 


Acidify with dilute hydrochloric acid, warm, and exhaust with benzene. Separate the 
aqueous solution containing the glycerol and mineral salts. Evaporate the combined benzene 
extracts to a small bulk, and then complete the evaporation of solvent at 100 'C, Cool ami 
weigh. Weight equals the free acids derived from the saponifiable constituents , 


DIAZO REACTION 

This test is used for identifying bituminous substances containing phenols, in- 
eluding wood tar and wood-tar pitch, oil-gas- and water-gas-tars and pitches, shale 
tat, peat- and lignitc-tais and pitches, boue-lar, bone-tar pitch and the various coal- 
tar pitches. 

This reaction is carried out by boiling 2 g. of the bituminous substance with 
20 ml. N aqueous sodium hydroxide, for approximately 5 minutes. Alter cooling 
the liquid is filtered. If the filtrate is dark colored, it may he lightened by shakitm 
with finely pulverized sodium chloride ami filtering, li is then cooled in ice to 
10°C., and a few drops of freshly prepared benzenedia/onium chloride solution 
added (prepared by dissolving 1 g. aniline hydrochloride in 10 ml. water and ‘5 ml 
25% hydrochloric acid, and then adding drop by drop, a saturated solution of 0 5 l> 
sodium nitrite m water) To avoid the preparation of benzenediazonium chloride 
(which does not keep) the use of /,-diazobenzenesulfonic acid may be substituted 
since it is a more stable chemical and will keep well in stock. If phenols are pre 
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ent, a more or less fugitive red coloration will result, sometimes accompanied by 
a reddish precipitate. 

Assuming that the bituminous substance gives the diazo reaction, the question 
will often arise whether the product is a straight-distilled pitch, or an asphalt 
"cut-back" with a high boiling-point distillate containing phenolic bodies, de- 
rived from coal tar, lignite tar, etc. Marcusson has worked out a method ap- 
plicable under these circumstances, which consists in dissolving 10 g. ol the bi- 
tuminous substance in 15 ml. of benzene, and pouring the solution into 200 ml. 
of 88° petroleum naphtha. The resulting precipitate is filtered and washed with 
petroleum naphtha and dried. It is then boiled for 15 minutes with 0.5 N alco- 
holic caustic potash under a reflux condenser to extract the phenols. The liquid 
is cooled and filtered, the alcohol eva pointed, and the residue dissolved in water. 
Sodium chloride is added to clarify the liquid and remove any substances impart- 
ing a dark color, the solution is filtered and the filtrate treated for the diazo test 
described above. If a straight-distilled pitch containing phenols is present, a 
positive reaction will be obtained. If the original substance gives the diazo test, 
but the residue treated in the above way does not, then the admixture of high 
boiling-point oils containing phenolic bodies with a substance free from phenols 
(e.g., asphalts, etc.) is established. It is claimed that the presence of as little as 
10% of pitch containing phenols may be detected in this manner. 

Where bituminous substances contain calcium carbonate, the phenolic bodies 
present combine with the lime, forming insoluble calcium phenolate which yields 
but a faint diazo reaction. However, on treating such substances with a solvent in 
the presence of hydrochloric acid, the calcium phenolate is decomposed, and the 
diazo reaction becomes much more delicate. 

A still more sensitive test for ascertaining the presence of phenols (e.g., tars or 
pitches) in asphalts consists in the following: A reagent is prepared by dissolving 
0.2 g. p-nitroaniline in 20 ml. water and 5 ml. 20% sulfuric acid, whereupon 0.3 
g. sodium nitrite are added. Hard asphalts (3 to 4 g.) are ground In a mortar 
with 25 ml. water made alkaline with NaOH; then filtered and the filtrate acidi- 
fied with H 2 S0 4 and three drops of the foregoing reagent added. The solution is 
finally made alkaline with. NaOH., whex^wjvaw. the. presence of ^heivaU will develop 
a more or less intense red coloration. It is claimed that the presence of 1% of 
tar or pitch may thus be detected, inasmuch as a 1:25,000 solution of phenol will 
produce a blood-red color, and a 1:250,000 solution a pinkish-red color. Pure 
asphalts, on the other hand, yield a light-yellow color or leave the reagent un- 
changed. 


ANTHRAQUINONE REACTION 
The amhraquinone reaction is used for detecting anthracene in tar products 
produced at high temperatures, including oil-gas-tar and pitch, water-gas-tar and 
pitch, and the various coal-tar pitches. This test is therefore valuable for pur- 
poses of identification. 

Tiie tar or pitch is first subjected to distillation in accordance with the retort 
method, the offtake and condensing tube being kept warm to prevent the accumu- 
lation of any solid distillate. The distillate passing over between 270° and 355°C. 
is caught separately and examined for anthracene in the following manner. The 
fraction is heated until it is thoroughly fluid to secure a uniform sample, and 5 g- 
weighed out, while hot. After cooling, 10 ml. of absolute ethyl alcohol are added, 



EXAMINATION OF BITUMINOUS SUBSTANCES 1003 

the solids allowed to crystallize and the liquid decanted. One to 2 g. of solid 
substances containing the anthracene are dried on a water bath, transferred to a 
500-ml. flask connected with a return condenser, 15 nil. of glacial acetic add added, 
and the contents boiled for 2 hours. The following mixture is then added drop 
by drop through a separatory funnel: 15 g. of anhydrous chromic acid dissolved 
in 10 ml. of glacial acetic acid, and 10 ml. of water. The boiling is continued 
for another 2 hours, the flask cooled, and -100 ml. cold water added. This treat- 
ment oxidizes the anthracene to anthraquiuone, which on cooling separates as a 
solid mass. This is filtered, washed with hot water, then with a hot 1% solution 
of caustic soda and again with hot water. The residue of anthraquiuone is then 
dried and its weight multiplied by 0.S56 to obtain tlu: corresponding weight of 
anthracene. From 0.25 to 0.75% of anthracene is found in coal tars, and a corre- 
spondingly larger percentage in coal-tar pitches. 

A color reaction for establishing the presence of anthracene consists in boiling 
for 30 to 60 minutes the crystals of anthraquiuone (1 part; with zinc dust (2 parts) 
and 50% NaOH solution (30 parts), whereupon an intense red-colored solution is 
obtained, which on filtering in contact with air becomes decolorized. 

The determination of anthracene in coal-tar oils by chromic acid oxidation lias 
been standardized by the standardization of 'Far Products Test Committee under 
the designation Serial No. C.A. 1-57. 
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EXAMINATION OF BITUMINOUS 
SUBSTANCES COMBINED WITH 
DISCRETE AGGREGATES 

PHYSICAL TESTS OF FINISHED PRODUCT 

RESISTANCE TO PLASTIC FLOW 
This method of test is intended for the determination of tiie resistance to plastic 
flow of specimens of compressed bituminous mixtures composed of fine aggregate 
[passing a No. 10 (2000 micron) sieve] and bituminous material. The method is 
intended for testing mixtures of the hot-mix, hot-laid type in which the bituminous 
material is tar or asphalt cement, and has been standardized as ASTM D1 138-32. 
Apparatus .— The apparatus shall consist of the following: 

(a) Specimen MoIds.-CyIindrical molds (Fig. 28-20) of specially hardened steel, 

2 ± 0.001 in. in inside diameter by 4% in. in height, for forming test specimens. 
A minimum of three such molds is recommended. 

(b) Bottom Plungers.— Steel plungers (Fig. 28-21), 2 in. in length, machined to 
provide a clearance of 0.002 in. between plungers and specimen molds, the nom- 
inal diameter being 1.998 ± 0.001 in. to serve as bottom plungers for specimen 
molds. A minimum of three such plungers is recommended. 

(c) Temporary Supports for Specimen Molds.— Two steel bars, 1 in. square and 

3 in. in length. 

(d) Top Plunger.— A steel plunger (Fig, 28-21), 4% in. in length, consisting of 
a steel bottom cylindrical compression plate screwed to the shaft of the plunger. 
The compression plate shall be machined to provide a clearance of 0.002 in. be- 
tween plunger and specimen molds, the nominal diameter being 1.998 ±0.001 in. 
and the thickness approximately % in. The plunger shaft shall have at least four 
curved surfaces 1.98 ± 0.001 in. in diameter, as illustrated in Fig. 28-21. A mini- 
mum of three such plungers is recommended. 

(e) Testing Mold and Ring. Type /.—A cylindrical testing mold (Fig. 28-22), 

2.02 ± 0.002 in. in inside diameter for the bottom 1.5 in. of the mold, tapering 
to a maximum inside diameter of 2.06 ± 0.002 in. at the top, and approximately 

3.02 in. in outside diameter. The mold shall be 4]A in. in height and be made 
of tool steel. The testing mold shall be equipped with a hardened steel testing 
ring (Fig. 28-22), 3.02 ± 0.005 in. in outside diameter and 0.25 =fc 0.01 in. in thick- 
ness, with a circular orifice 1.75 ± 0.001 in. in diameter on one face. This orifice 
shall have a distinct vertical edge Ho in. in thickness and 1,75 =t 0.001 in. in diam- 
eter, and shall taper to a diameter of approximately 2 in. on the opposite face. 
A testing ring clamp (Fig. 28-22) shall be provided to bold live testing ring snug 1 ? 
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in a concentric position against the bottom of the testing motel and to serve as a 

rhis resting mold (Fig. 28-23) shall have cite same di- 
mensions as Type 1 and shall. In addition, have a special inner lining of hard- 
ened and ground tool steel to reduce we.it. 

(f) Testing Machine.— A testing machine 
capable of applying a total load of 10,000 
pounds at a uniform rate of head or platen 
movement of 2.-1 in. per minute. 

(g) Oven or Hot Plate.— for the prepara- 
tion of bituminous mixtures, an oven or hot 
plate shall be provided for heating aggregates 
and bituminous materials to a temperature 
not to exceed IG2.8°C. (325°F\). (For tar mix- 
tures, aggregates and tar shall be heated to 
desired temperatures, not exceeding I07.2“C. 

(225°F.).] When a hot plate is employed, a 
metal shield shall be interposed between the 
hot plate and the material and mixing pans 
and the specimen molds containing the mix- 
ture. A convenient shield can be made by- 
crimping the edges of a sheet of metal so as 
to provide an air space beneath its surface. 

(h) Mixing Apparatus.— Suitable apparatus 
for mixing the aggregate and bituminous ma- 
terial for preparation of test specimens. The 
use of a cylindrical type of dish and a putty 
knife as a mixer is suggested, or a power-mix- 
ing machine equipped with scraping and mix- 
ing blades and a cylindrical bowl may be used. 

(i) Water Bath.— A metal water bath for 
use in testing specimens, and for holding the 
testing mold and ring so that the specimens 
will be immersed in water during test. Appa- 
ratus shall be provided for maintaining the 
temperature of the water in the bath at a 
temperature of 00° ± 1°C. (1*10° i 1.8°F.). 

(j) Balance.— A balance having a capacity 
of 500 g. or more and sensitive to 0.1 g„ for 
weighing the ingredients of the mixture. 

Test Specimens. Preparation of Mixtures.— For line-aggregate bituminous 
tures prepared in the laboratory, a sufficient quantity of dry aggregates to pro- 
duce three test specimens shall he weighed out to the nearest 0.1 g. The aire- 
gates shall be heated in a larecl mixing dish to the desired temperature, not exceed- 



l-ie. 28-20. lest Specimen Mold, 
(Courtesy AS' I’M.) 


mix- 



!® r . T,, 1 ! “ “ be "T“, “ lhe d “ iretl >™'l>™t„res, not exccedi,,.. 
07._ C. (..5 F.).] The materials shall be thoroughly and uniformly mixed and 
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all lumps in the mixture shall be broken up. All aggregate surfaces shall be 
coated and the mixture shall be a uniform cplor. 

Size of Specimens.-The test specimens of compressed bituminous mixtures shall 
be 2 in. in diameter and 1 in. in height. This size of specimen is suitable for 



Top Plunger 

machined to P°ii° m ^ un gcrs. Note.— T he top and bottom plungers should be 

i £al diameter' ° f °'°° 2 in - bclw «" P'“"Sen and specimen molds, the 
nominal diameter of the plungem being UBS ±0.001 in. (Courtesy ASTM.) 

“Sr-”- ° f fine a BS re gale passing a No. 10 (2000 micron) sieve. 
prehcated S fifdd ame i nS | lile Laborator 7 — An amount of tlie freshly prepared or 
Passed s„eclleo r u ^°, rat0 7 mixtUre sufficient ‘° g^e the proper" size of com- 
the bottom I ! a , be Piaeed in each of the three forming molds into which 
be insened pl “" E 7,^ ve Piously been inserted. The top plungers shall then 
• All of the molds and plungers shall have been preheated to the dc- 
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sired molding temperature before placing any mixture in them. I he molds con- 
taining the bituminous mixture, with the bottom and top plungers in place, shall 
be placed in an oven automatically maintained at the desired molding tempera- 
ture and kept there for 10 minutes or longer to ensure that the desired molding 




fie. 28 


. / v 


Testing Mold and Ring, Type 


(Courtesy ASTM.) 


“vrrts 1 b vr s oi * • -n, 

temperature during the time UicUiermometcr^i^i'n^ kCP , U '‘ , Ulc °™> “ rclai., i, 
■n the mold, which should al s0 be kept i„ the ™“ ti ‘ ,C l>Rumino > 1 ' mixiur 
wtl vary with the type of bitumiuou bi ,1m 1 X, „• T ldi "S '™>P«nuur 
higher than 148.9-C. (300-F.) shall he tiled Fo bm "° «">P«a<ur 

temperature higher than 107.2-C. (225-F1 shill L ,°, dl " B o[ «r mixtures u, 
oven, the specimens shai, he mo, Jed w^Ltli,^ * 
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. , ov. ivv aii. the 1-in. square temporary supports so that the bottom 

^ .* tuoiU.ie-C.dhi at an elevation of 1 in. above the platen of die test- 

Cut's- titoav uvccxitting the bottom plunger to extend only 1 in. into the 

syti.vt*. -Vs initial load of 500 pounds shall be applied to seat the mix- 



ture against the inside of the mold. The initial load then shall be released and 
the temporary supports removed. The specimen shall be consolidated by ap- 
plying a pressure of SOOO psi., which corresponds to a total load of' 9425- pounds 
for a specimen 2 in. in diameter. This pressure shall be maintained for 2 ininuiw 
and then released. The specimen shall be removed carefully and stored for- test 
As short a period of time as possible should be permitted to elapse between 
the forming of successive specimens. -• 

Preparation of Core Specimens.— Cylindrical cores taken from compacted bitufft 
nous surfacing shall be 2 ± 0.005 in. in diameter and 1 ± 0.05 in. in height.' 



examination of -bituminous SUBSTANCES 1001) 

Procedure.— The test specimen shall be brought to the desired tempemtme of 
test by storing in an air bath for at least 1 hour with the temperature of the air 
maintained at G0“C. (1-10°F.) during the entire storage period. I he testing mol l 
and plunger shall be brought to the test temperature by placing them m the an 
bath or a suitably controlled water bath for at least 1 hour prior to use 

The test specimen shall be placed in the testing mold, which shall be ... the 
water bath. The temperature of the water in the bail, shall be >0 ± 1 
(140° ± 1.8 a F.). The plunger shall be inserted in the testing mold. Load shall 
be applied at the uniform rate of head or platen movement of 2.1 m. per minurn. 
As the specimen is loaded it will disto.t at the orifice of the testing mold, and the 
load registered on the testing machine will increase quite rapidly to a maximum 
just before the bond is broken. If the operation is continued, the load will fluctu- 
ate below the maximum as How of the mixture progresses. The maximum load in 
pounds, registered on the testing machine, shall be recorded as the resistance to 
plastic flow of the specimen. 

Report.-The report shall include the following information for each specimen 
tested: 

1. Maximum load in pounds registered on the testing machine during the test, 
and 

2. The test temperature. 


REI.ATMD METHODS 

Related methods of testing bituminous mixtures are as follows: 

1. “ Method of Testing Soil-Bituminous Mixtures " ( ASTM 1)915-61).— This 
method of test provides for the determination of the water absorption, ex- 
pansion, and extrusion characteristics of compacted soil or soil-aggregate mix- 
tures containing liquid bituminous material (rapid, medium, or slow curing liquid 
asphalt, emulsified esphalt, or tar). The method may be used for determining 
the characteristics of a mixture of specified proportions when tested under the 
conditions of curing or noncuring specified, or for determining the clleei on these 
characteristics of varying the curing and the proportion of the different in- 
gredients. I he test results are not intended for use in formulas to determine 
sub-base, base, or pavement thickness; nor to predict field performance of differ- 
ent bituminous materials. 


2. “ Tentative Method of Test for Resistance to Plastic Flow of Bituminous 
Mixtures by Means of the Marshall Apparatus” {ASTM D1 559-60T).~VUh method 
of test is intended for the measurement of the resistance to plastic flow of cylin- 
drical specimens of bituminous paving mixtures loaded on the lateral surface bv 
means of the Marshall apparatus. 1 his method is intended for use with hot mix- 
tures containing asphalt or tar and aggregate up to 1-in. maximum si/c. 

3. “ Tentative Methods of Test for Resistance to Deformation and Cohesion of 

ihiminous Mixtures by Means of the Hveem Apparatus ” (.l.STd/ 1)1 5 60-5 ST). 

■These, metnods of test are intended for determining: 

(«) I he resistance to deformation of compacted bituminous mixtures by ureas- 

■»>*■« * «■*■* <«. 4 ‘i;:: 

uST 0 " 11 by measuring ,hc force 

coEL“r. ‘ “ ‘ hc S;,mple “ a ““'ite'W beam by means of ,l,e Hveem 
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/. “Tentative Methods of Test for Compressive Strength of Bituminous Mix- 
lures ” ( ASTM D1074 60). 

This method of test for compacted bituminous mixtures of the hot-mixed, hot- 
laid type for use in pavement surfaces and base courses is intended to provide a 
measure of the compressive strength of these paving mixtures. 

ACCELERATED WEATHERING TEST 

This test is intended to produce rapid deterioration of bituminous materials 
under conditions simulating outdoor exposure and is standardized by the ASTM 
as “Tentative Recommended Practice for Accelerated Weathering Test of Bitumi- 
nous Materials” under the designation D529-59T. 

Other related tests are “Tentative Method for Preparation of Test Panels for 
Accelerated and Outdoor Weathering of Bituminous Coatings,” ASTM D1669-59T, 
and "Tentative Method of Test for Failure End Point in Accelerated and Out- 
door Weathering of Bituminous Materials,” ASTM D1670-59T. 

COAL-TAR PIPE ENAMELS TESTS 

Special tests to determine the suitability of coal-tar enamel for coating steel 
pipe can be found in “AWWA Standard for Coal Tar Enamel Protective Coat- 
ings for Steel Water Pipe” (1957) published by the American Water Works Asso- 
ciation, Inc., New York. 

SEPARATION OF FINISHED PRODUCT INTO ITS 
COMPONENT PARTS 

SEPARATION OF THE BITUMINOUS MATTER AND 
DISCRETE AGGREGATE 

Bituminized aggregates are separated into their bituminous and discrete com- 
ponents for the combined purposes of ascertaining the percentage and nature of 
the mineral constituents and for examining the physical and chemical character- 
istics of the bituminous binder, with die object ol its identification- or duplication. 

Hot Extraction with Carbon Disulfide. —This, has been standardized as follows as 
ASTM D 147-41: 

Bituminous grouts shall be heated in an oven or on a hot plate in a pan <> r 
other suitable container at the lowest possible temperature to prevent overheat- 
ing and volatilization, and when sufficiently fluid, shall be thoroughly stirred to 
ensure a uniform sample, whereupon 10 to 30 g. shall be taken for analysis- 

Asphalt mastics or mastic cake shall be warmed on a hot plate or in a hot oven 
until soft enough to be broken up or stirred, so that a representative sample for 
analysis may be taken. The amount taken for analysis will depend upon the 
amount of coarse gravel or stone in the mixture. The larger the gravel or stone, 
the larger will be the sample required for accuracy. The size of samples to be 
taken shall be as follows: Where all particles pass a No. 10 sieve, 10 to 30 g-> 
where 25% of the aggregate is retained on f No. 10 sieve, 50 g.; where 50% of 
die aggregate is retained on a No. 10 sieve, 100 g.; and where 75% of the aggregate 
is retained on a No. 10 sieve, 200 g. 

(a) For Analysis of 10- to 30-g. Samples.— Jn cases where a 10- to 30-g- safflpl e 
is sufficient, the analysis shall be carried out by means of the glass extractor iH us * 
trated in Fig. 28-24. 
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An ordinary fat-Eree Whatman or S. & S. niter thimble, GO mm. in fcujtli by 
96 mm. outside diameter, shall be dried for 30 minutes in .m osen at -I- - * 
lowed to cool in a desiccator, and then weighed in a suitable weighing bottle. 

The weighed sample shall be placed in the thimble and -10 to at) ml. of catbon 
disulfide poured over the sample. The thimble containing the sample shall be 

suspended under the condenser by a fine wire bail. . 

The (lask shall be cautiously heated by a steam bath or electric heatei just 
enough to vaporize the solvent. Cold water is circulated through the condenser. 
The heat evaporates the carbon disulfide in the flask. 1 his condenses upon the 
condenser and drops back upon the sample through which it filters, thus dissolv- 
ing out the bitumen which collects in the bottom of the Mask. 

The extraction should be discontinued 
when the carbon disulfide drops colorless 
from the filter. The time of extraction will 
depend upon the nature of the bitumen and 
mineral aggregate in the sample and upon 
the degree of heat applied, the coldness of 
the water in the condenser, and other factors. 

In some cases extraction may be complete 
in 1 hour; in others 1 or 5 hours may be 
necessary. 

When the solvent comes through clear, the 
filter shall be removed and washed with a 
fine jet of carbon disulfide from a washing 
bottle to wash out any bitumen that may 
be retained at the top of the paper and to 
break up any channels that may have been 
formed by the carbon disulfide passing 
through. If the washings show any color, 
the thimble shall be put back and extraction 
continued until the solvent again becomes colorless. It shall then be removed, 
dried caiefully, at a low temperature at fust to prevent ignition of the absorbed 
carbon disulfide, and finally to constant weight at lOOHb (212T*\), tooled and 
weighed. v * ’ 

An aliquot portion of the solution in the flask shall be rinsed into a wei-hed 
porceJam or silica evaporating dish or crucible and the solvent burned oil under 
a hood. The residue shall be ignited over a flame or in a mullle and the ash 
weighed and the weight added to that of the mineral matter in the filter 



Mr:. 


KMiauion App.uatus, 
(Courtesy AS' I'M.) 


This is to correct for the fine mineral matter which will be cai.ied thrcnH, the 
paper by the solvent. Should there be a considerable amount ; ,sh revered 
in this way, and if it is found that the mineral matter is calcium m ml. ^ 
ate, it shall be recarbonated by repeated treatment with m • C . l * 
solution and finally ignited tit a thill red heat. Ordinarily hoivever “"‘“l 
matter going through the paper will he so small in T ' Un ™ 

caused by ignition may be neglected. The corn-ru-d t clc,Ke 

inal sample represents the percentage of bitumen present' U °" ^ ° r ' S ‘ 

The sieve analysis of the recovered mineral a«»veirue sh-.ll u , • 

ance with the 'Tentative Method of Test for Sieve^Airdv r r ‘ U m , a “ 0rd ‘ 
Aggregates,” ASTM C13G-61T. A lalysts of line and Coarse 
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(b) For Analysis of 50- to 500-g. Samples.— The apparatus for analysis of sam- 
ples containing coarser aggregate shall be a large extractor consisting of a heat- 
resistant glass cylinder for holding the solvent and a cylindrical wire basket made 
of 80-mesh wire cloth suspended in the cylinder from an inverted conical coil 
condenser which senes as a top. The heat-resistant glass cylinder shall be 13 hi. 
in length with an o.d. of 111 mm. and 4-mm. wall thickness. The wire basket 
shall be of 80-mesh stainless steel wire cloth with overall length of 614 in. and 
diameter 2% in. 

A large filter paper, 12 or 13 in. in diameter, shall be fitted inside the wire 
basket of the extractor by folding once more than in ordinary filtering, or by 
wrapping it over a form which fits inside the basket (a cylindrical bottle of proper 
size makes a good form) and placing it inside the basket. 

Tiie basket with contained filter paper shall be dried and weighed. The sample 
shall be weighed and packed in the filter paper in the basket. Care should be 
taken not to pack all coarse particles in one place and die fine particles in an- 
other, but to have them mixed together in uniform proportions. 

The sample shall be covered with a disk of felt or wad of absorbent cotton to 
ensure even distribution of the dropping solvent, thus preventing it from forming 
a channel dirough the sample. The basket shall be suspended in die extractor 
and 150 to 200 ml. of carbon disulfide poured over the felt or cotton. The con- 
denser shall be placed over the top and water circulated dirough it. The extrac- 
tion apparatus shall be heated on a steam bath or electric hot plate, and the ex- 
traction carried on exactly as in die smaller glass extractor, but on a larger scale. 
The time for extraction will vary from 3 to 12 hours or more, depending upon 
the nature of the sample. 

To determine when extraction is complete, die condenser shall be raised and 
the basket lifted out to observe if drippings are clear. One or two drops caught 
upon white filter paper should leave but a light stain. 

The drying and weighing of the basket, burning off of die solution for correc- 
tion, and calculation of the weight of mineral matter shall be determined as in 
the foregoing, 

The sieve analysis of the recovered aggregate is made in accordance with 
ASTM C136-G1T. 


HOT EXTRACTION WITH BENZENE 

Recovery and preparation for test of the bituminous matter soluble in pure 
benzene shall be made in accordance with the "Standard Method of Test for Hot 
Extraction of Asphaltic Materials and Recovery of Bitumen by die Modified 
Absou Procedure," ASTM D7 62-19. This method is performed as follows: 

This method of test covers die procedure for the extraction of benzene soluble 
bitumen from asphaltic mixtures, the removal of mineral matter from the solu- 
tion, and the recovery of the bitumen from solution in sufficient quantity for 
further testing. 

/lppor<i<iu.-Tlie apparatus shall consist of the following: 

(a) Extractor.— An extraction apparatus as shown in Fig. 28-25. 

(b) Distillation Assembly.— A distillation assembly as shown in Fig. 28-26 con- 
sisting of the following items: 

1- A distillation flask as shown in Fig. 28-27. 

2. A he.u-iesisiant glass distillation column 250 mm. in length and 25 mm. in 
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diameter, and provided with a side arm 150 mm. in length and 8 mm. in diameter. 

3. A 250-ml. Erlenmeyer receiving flask and a 250-ml. Erlenmeyer filtering flask. 

4. An iron tripod, a 6- by 6-in. 20-mesh wire gauze with an asbestos center, and 
a gas burner. 

5. A water-jacketed condenser 475 to 500 mm. in length. 

6. Three thermometers conforming to the requirements for thermometer 7“F-39 
as prescribed in the Standard and Specifications for ASTM Thermometers (ASTM 
El-61). 



Fig. 28-27. Distillation Flask. (Couitesy ASTM.) 


7. A 500 ml. graduated cylinder. 

8. A ringstand and supports. 

9. An oil bath for the distillation flask. 

10. A gas flow meter as shown in Fig. 28-26 or any type capable o£ indicating 
a gas flow up to 1000 ml. per minute. 

11. A gas inlet tube. 

12. A cylindrical, flat-bottom, seamless tin container of 6-ounce capacity. The 
container shall be 70 mm. (2% in.) in diameter and 45 mm. in depth (Note). 

Note.— Containers known in the drug trade as seamless "ointment boxes” may be ob- 
tained in the dimensions conforming to these requirements. 

Reagents .—' The reagents needed shall be: 

(a) Benzene conforming to the Standard Specifications for Nitration Grade 
Benzene (ASTM D835). 

(b) Carbon Dioxide. 

Sample.— A sample of sufficient size to result in at least 100 g. of recovered bi- 
tumen is required. About 1000 g. of sheet-asphalt mixtures will usually be sufficient 
unless the largest particles in the sample are 1 in., in which case 2000 g. will usually 
be necessary. Mixtures containing larger aggregates will require still larger samples. 
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Procedure.- The entire procedure must be completed within 8 hr. 

The sample shall be placed in the oven at 210° to 220* 1\ for la nnmiles. inoken 
into pieces and dried in the oven for an additional 80 minutes. 1 he desired 
amount of the sample shall be weighed to the nearest 5 g. and p accd m the 
basket of the extractor with the stirrer in place. I he extractor shall be charged 
with -100 ml. of benzene and the wire cone hung on the bottom ol the basket. 
The basket shall be inserted in the extractor, the condenser cover placed on the 
extractor and the handle placed on the stirrer. Cold water shall he circulated 
through the condenser. The electric heater shall be connected and the sample 
extracted until the benzene is colorless (Non.). I he stirrer shall be turned by 
hand one-half turn every 15 minutes (after the benzene becomes straw colored) 
to break up any settled filler and remove the last traces of bitumen. 


Note.— T his can be observed by placing a light at one window of the c.Mracioi and ob- 
serving the dripping benzene thiotigh the other window. 


The benzene solution shall be drawn off and the volume increased to 100 ml. 
by the addition of fresh benzene, using this solution to wash the extractor if 
necessary. The solution shall be poured into two 8-ounce wide-mouih bottles, 
balanced accurately, stoppered, and placed in the Centrifuge. The solution shall 
be centrifuged at room temperature for 80 minutes at 770 times gravity using the 
distance (in feet) from the center of the centrifuge to a point midway in the 
liquid as the value of It in the following formula for calculation of speed of the 
centrifuge: 


Speed, r.p.m. 


1500 
it ' 


The solution shall be poured into a previously weighed 500-ml., three-neck 
flask, care being taken not to disturb or include the sediment. 

Using die distillation assembly shown in l ; ig. 28-20. the temperatuie shall be 
raised inside the flask to 800°F. (MS.frC.) at such a rate that the benzene is col- 
lected at a rate of 50 to 70 drops per minute. As soon as this rate falls oil. 
carbon dioxide gas shall be admitted slowly, increasing to a rate of 800 to ‘100 ml. 
per minute. The contents of the flask shall he maintained at 205 J to 80f>T*\ 
(1-16.1 0 to 151.7°C.) for exactly 80 minutes with full carbon dioxide gas rate. The 
outside bath temperature ordinarily shall be held 15° to 25T'. (8’ to 1-UC.) 
higher than the inside in order to maintain a sample temperature of to 

305°F. (HG.l 0 to 15l.7°C.). 

The flame shall be removed, the carbon dioxide gas dnu oil. and the apparatus 
disassembled. The contents of the iiask shall then be poured into the G-ounce 
container and cooled for further testing. 


CENTRIFUGAL EXTRACTION METHOD 

This method is standardized as AST.M D1097-5S under the title of “Standard 

Method of Test for Buumen Content of Paving Mixtures fry Centrifuge" and is 
performed as follows: 

This method of test is intended for the determination, by coltl solvent extnc- 

)hM,° 11 1OTC T age °' bi ‘" nle " < Nore > 1,1 » Pavittg mixture, the aggregate it, 
vine , all passes a l-.n steve. It is not intended for use in recovering ,1m b? mo 

£ The mi " mi - can 
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Note.— A lthough "bitumen" by definition is material soluble in carbon disulfide, 
benzene is recommended for use in this method for safety reasons, and it normal!) pro. 
duces the same results uithin the precision of the method. Other solvents, such as caibon 
tetrachloride, trichlorethylene, etc., ina> be substituted for benzene or carbon disulfide 
in this method and similar results may be obtained, but the relationship of such results 
to those obtained with benzene or carbon disulfide cannot be predicted or assumed. 

If volatile distillates are desired, they may be obtained by the Method of Test 
for Moisture or Volatile Distillates in Bituminous Mixtures (ASTM D1461-60). 

Apparatus.— The apparatus shall consist of the following: 



(a) Extraction apparatus consisting of a bowl approximating that shown in 
Fig. 28-28 and an apparatus in which the bowl may be revolved at controlled 
variable speeds up to 3G00 r.p.m. The apparatus shall be provided with a shell 
for catching the solvent thrown from the bowl and a drain for removing the 
solvent. The apparatus preferably shall he provided with explosion-proof fea- 
tures and installed under a hood to provide ventilation. 

(b) Filter rings to fit the rim of die bowl. 

Reagents, (a) Benzene conforming to die Standard Specifications for Industrial 
Grade Benzene (ASTM D83G). 

lb) Ammonium Carbonate Solution.— Prepare a saturated solution of c.p. 
(NII 4 )X0 3 . 

(c) Creosote, crystal-free, conforming to die Standard Specifications for Creosote 
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for Priming Coat with Coal-Tar Pitch in Dampproofing anti Waterproofing 

etlmithn of Sample. -(a) If the mixture is not sufficiently soft to separate 
with a spatula or trowel, place 2000 to 5000 g. of the sample in a large, flat pan and 
warm in oven at 2-10°F., only until it can he so handled. Separate the parades 
of the sample as uniformly as possible, using care not to fracture the minet.il par- 
ticles, and weigh a representative 1000-g. portion into the bowl, distributing it uni- 
formly around the bowl. For routine testing, smaller samples may be used when 
the maximum size aggregate therein is less than l-\ in. I he precision of the method 
becomes less as the aggregate size increases, due to variations in samples. It may. 
however, be used on mixtures containing aggregate larger than 1 in. by using 
samples weighing at least 3000 g. They may be tested by extracting 1000 g. at a 
time. 

(b) Cover the sample in the bowl with benzene and allow .sufficient time for the 
solvent to disintegrate the sample before testing (not mote than 1 hour). 

(c) At the same time, weigh 500 g. of the sample into a metal still conforming to 
that used in the Method of Test for Water in Petroleum Products and Other 
Bituminous Materials (ASTM DU5-58). 

Procedure.— (a) Place the bowl containing the sample and solvent in the machine. 
Dry and weigh the filter ring and fit it around the edge of the bowl. Clamp 
the cover over the bowl tightly in place and put the beaker under the chain to 
collect the extract. 

(b) Start the machine revolving slowly, gradually increasing speed to a maximum 
of 3600 r.p.m., or until solvent ceases to flow from the drain. Allow the machine 
to stop, add 200 ml. of benzene, and repeat the above procedure. LNe sufficient 
200-ml. solvent additions (not less than three) so that the extract is clear and not 
darker than a light-straw color when a portion is viewed in a separate container. 

(c) Remove the filter ring from the bowl, dry in air and then to constant weight 
in an oven at 2-10°F„ and weigh. The increase in weight of this ring during the 
extraction procedure is mineral matter. Evaporate the contents of the bowl to 
dryness on the steam bath and then heat in an oven at 21()'F. to constant weight 
after cooling. 

(d) Collect all extract in a 2000-ml. graduate and rneasme the total \olume. 
Agitate the extiact thoroughly and measure 100 ml. into a previously weighed 
ignition dish. Evaporate the extract in the dish 10 dryness on a steam bath and 
ash the residue at a dull red heat. Ash the bituminous material at a dull reel heat 
(500 to 600' , C.), cool, and add 5 ml. of saturated ammonium carbonate (Nil 
COy solution per gram of ash. Digest at room temperature for 1 hour and then 
dry in an oven at 110°C. to constant weight, cool in a desiccator, and wei-di Cal- 
culate the weight of ash in the entire volume of extract. 

wiih ^^95.58? WatCr CO,UCm ° f lhe Sampk> iH thc mwlal sti11 accordance 

Calculate the percentage bitumen in the sample as follows: 

Bitumen content of dry sample, % = ILL 1 ~ ^ 


where fFi = weight of sample 

IP? = weight of water in sample 

W 3 = weight of extracted mineral matter 

Wi = weight of ash in extract 

Wr » = ^crease in the weight of the filter ring 


~ (Ji 3 + fi’i -f iii) 

TITT T~ ~ x 100 
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Note. Determination of Tar.— ror paving mixtures in which tar is used as the binder, 
the tar content can be determined by the following modification of this method: 

Cover the sample in the bowl with crystal-free creosote and place the bowl for 1 hour 
on a hot plate or in an oven maintained at 240° F. Proceed in accordance with para- 
graphs (a) and (b) of the above procedure except to use two 200-ml. additions of creosote 
previously heated to 210°F. After draining the third portion of hot creosote, allow the 
bowl and contents to cool to a temperature well below the boiling point of benzene. 
Treat the sample in the bowl with three 200-ml. additions of benzene, following the same 
procedure. 

Continue in accordance with paragraphs ( c ) to (e), except to evaporate the aliquot por- 
tion of the solvent [see paragraph (d)] on the steam hath until tne benzene is removed. 
Then evaporate the remaining solvent to dryness on a hot plate and ash as dhectcd in 
paragraph (d). 

Calculate the percentage of tar in the sample as described above for peiccntagc of 
bitumen. 

Notf. Related Test.— A related test is ASTM D3 13-60 “Standard Method of Test for 
Coarse Particles in Mixtures of Asphalt and Mineral Matter." In this test the sample is 
dissolved in carbon disulfide, carbon tetrachloride, or benzene and passed through a 
200-mcsh sieve. This insoluble material remaining on the sieve is then weighed. 



PART III 


EXAMINATION OF BIT U MINI ZED 

FABRICS 


This section includes the following groups of products: 

Q — Prepared roofings. 

R — Composition shingles. 

5-Deck ancl porch coverings. 

T— Bituminized fabrics for constructing built-up roofs. 

U — Bituminized fabrics for constructing waterproofing membranes. 

V — Electrical insulating tape. 

W— Waterproof papers for wrapping and packing. 

X— Waterproof papers for insulating against heat or cold. 

Y— Felt-base floor coverings (surfaced with linseed oil and pigment composition). 
Z— Expansion joints for pavements. 

Tablk 28-1 
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Note. Letters in heavy type indicate the more important groups of products. 


These are constructed as shown in Table 28-4, where the index a indicates that 
asphaltic compositions have been used, and t signifies that coal tar (pitch) cl al 
have been used. u ' " 
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The finished products falling in this class include sheet roofings, floor coverings, 
waterproof membranes, sheathing and insulating papers, expansion joints involving 
the use of woven or felted fabrics, electrical insulating tape, and certain types of 
wall board. As these are constructed in many different ways, it will obviously be 
impracticable to describe 111 detail the analytical methods applicable to each. The 
ones which follow have been devised specifically for examining prepared roofings, 
but with these as a suiting point, others may readily be evolved for testing floor 
coverings, waterproof membranes, sheathing and insulating papers, etc. 

FELTED AND WOVEN FABRICS SATURATED WITH 
BITUMINOUS SUB STANCES 

Methods applicable to saturated felted and woven fabrics have been standardized 
by the ASTM as "Standard Methods of Sampling and Testing Felted and Woven 
Fabrics Saturated with Bituminous Substances for Use in Waterproofing and Roof- 
ing" under the designation D 146-59 as follows: 

Samplings— From each shipmeut of the specified saturated felt or fabric select 
at random a number of rolls equal to one-half the cube root of the total number 
of rolls in the lot. The minimum sample shall consist of five rolls. If the calcu- 
lated number is fractional, express it as the next highest whole number. For con- 
venience, the following tabulation, showing the number of rolls to be selected from 
shipment of various sizes, is given: 

No. of Rolls 

No. of Rolls in Shipment in Sample 


Up to 1000 5 

1001-1728 6 

1729-2744 7 

2745-4096 8 

4097-5832 9 

5833-8000 10 

8001-10,648 11 

10,649-13,842 12 

13,843-17,576 13 

15,577-21,952 14 


The rolls so selected constitute the representative sample used for all subsequent 
observations and tests pertaining to the lot of material being examined. 

Examination of Sample Rolls. Gross Weight per Roll.— Weigh each roll, intact, 
to the nearest 34 pound, and record the weight of each roll as the “gross weight.' 

Weight of Wrapping Material and Mandrel.— Strip each roll of its wrappings 
and weigh it to the nearest 34 pound. If mandrels (cores) are used, collect them 
after the rolls are unwound and weigh them together, to the nearest 34 pound. 
Calculate the average weight of wrappings and mandrel per roll, and record as the 
average weight for the lot. 

Mandrels (Cores).— Determine die shape of cross-section of mandrels (cores) and 
report. If circular, measure the outside diameter, to the nearest 34c in. If square, 
measure each outside edge to the nearest 34c in. Measure and report the length of 
mandrel projecting beyond each end of each roll to the nearest 34 in- 

Net Weight.— Subtract the average weight of wrappings and mandiel from the 
gross weight of each roll and tecord the result as the net weight for each roll. 
Calculate the average net weight and lecord as the average foi the lot. 
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Appearance and Dimensions of Rolls.-Umvind the rolls. Observe the workman- 
ship and finish and record pertinent delects. Measure ant record die W >j 
each roil to the nearest inch and its width to die neaicsl Vw 
record the area of material contained in each roll to the nearest squ.uc oo . 

For fabrics, measure and record the width of the selvage of each roll to the 

,ie Nei Weight per Unit Area.-From the net weight and dimensions, calculate the 
net weight per unit area for each roll, as follows: 


For felts: 


A 


Net weight, lb. per 100 sq. ft. - ~t, X 1200 


For fabrics: 

Net weight, oz. per sq. yd. 

where A = net weight of rolls in pounds 
B — width of material in inches 
C = length of material in feet 

Calculate the average net weight per unit area for the rolls examined and record 
it as the average for the lot. 

Selecting a Representative Sample.— Examine in detail the roll having the unit 
net weight closest to the average unit net weight of the lot. Discard the outside 
convolution and cut a sample from the full width of the roll. Make the cuts per- 
pendicular to the sides of the roll, straight, and 30 in. apart (to the nearest l:i„* in.). 
Collect loose material, such as sand, if any. that may become detached from the 
sample. Measure the width of the sample to the nearest *t<) in. Weigh it, 
together with any detached surfacing, to the nearest gram. Calculate the net weight 
per unit area, as follows: 

For felts: 


A_ 

DC 


X 1728 


For fabrics: 


Net weight, lb. per 100 sq. ft. 


1.0582 X 


D 

E 


Net weight, oz. per sq. yd. = 1.5238 X 


E 


where D - weight of 30-in. sample in grams 
E = width of 30-in. sample in inches 

The weight so determined should be within 1% of the average not weight per 
umt area. If the sample so selected fails to conform to this requirement, cut addi- 
tiona samples from the same roll until one of the proper weight is obtained. 
Use this sample for further examination as described in the following sections 
Detached Comminuted Surfacing.-If the material is surfaced with sand or other 
me ) comminuted material, sweep the surfacing from the 30-in. representative 
sample with a moderately still brush. Combine the comminuted material thus ic- 
on ed with the loose material, collected as described in the preceding section 
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and weigh both together to the nearest gram. Calculate this weight in pound pet 
100 sq. ft., record, and report as detached comminuted surfacing. 

Moisture.— From the 30-in. representative sample, cut four 2- by 18-in. test speci- 
mens as shown at A-l and A-2 in Fig. 28-29. Cut the 2-in. specimens into 1-in. 
squares and select about 50 g. at random. Weigh to the nearest 0.1 g. and distill 
with 100 ml. of solvent as prescribed in the Method of Test for Water in Petroleum 



I T T T T 1 

Fic. 28-29. Location of Test Specimens in Sample. (Courtesy ASTM.) 


Products and Other Bituminous Materials (ASTM D95). Read die volume of 
water collected in the trap and calculate to grams on the basis that 1 ml. weighs 
1 g. Calculate the moisture to the nearest 0.5% of the weight of the sample used 
(including the detached comminuted surfacing, if any) and report as moisture, 
percentage of tire net weight. 

Strength. Felts.— From the 30-in. sample cut ten 1- by 6-in. rectangular test 
strips with the fiber grain, as shown at B-l to B-10 in Fig. 28-29, and ten 1- by 6-in. 
strips across the fiber grain, as shown at C-l to C-10 in Fig. 28-29. Condition both 
sets in air at 77° ± 2°F. (25.0° ± 1°C.) for at least 2 hours, and test in a room main- 
tained at the same temperature. Determine the strength according to the Method 
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of Test for Tensile Breaking Strength of Paper and Paper Products (AS'IM 
except as modified herein. Cut additional strips from adjacent areas of the 30-i . 
representative sample when needed because of false breaks. Average the ten re. - 
ings for each set to the nearest pound, and report as the average breaking stieng i 

with and across the fiber grain, respectively. f 

Apparatus.— A tension testing machine is required; it should have the following 

features. 

(a) Two clamps, the jaw edges of which can be set for distances from H)U ± U 
mm. (3.94 ± 0.39 in.) to 180 -j= 10 mm. (7.09 ± 0.39 in.) apart. 1 he center lines of 
die clamps should be in the same plane, parallel to the direction of motion, and 
should be so aligned that they will hold the test specimen in the same plane 
throughout the test without slippage. 

(b) Means of applying a gradually increasing load to the test specimen until it 
breaks, the rate of increase being such that the additional load applied each sec- 
ond is not different from the additional load applied in the previous second by 
more than 5%. This condition is fulfilled by the usual peiidulum tspe apparatus, 
when the lower clamp moves at a constant rate of speed. 

(c) Means of indicating the applied load at the instant of specimen-fracture, to 
an accuracy of plus or minus 1%. 

Test Specimens,— (a) The test specimens should he representative of the sample 
obtained as prescribed in the Standard Method of Sampling Paper and Paper 
Products ASTM D585. 

(b) The specimens should be clean-cut to within plus or minus 1% of their 
nominal widths, with edges parallel, and should be long enough to be inserted in 
the jaws of the clamps of the testing apparatus without handling the .section under 
test. Specimens should not exceed 5.08 cm. (2.0 in.) in width and should he not 
less than 1.27 cm. (0.50 in.) preferably. 

Procedure.— (a) Level the testing machine and adjust its zero reading, The ratio 
of the clearance distance between jaws to the width of the specimens should be 
not less than 5 to 1, nor more than 15 to 1. 

(b) After placing the test specimen loosely in the jaws of the damps, align it 
squarely, then tighten the upper damp, take up slack, and finally tighten the 
lower clamp, without touching the portion of the specimen under test. Then 
apply the load. Adjust the rate of loading so that the lower damp moves at a 
rate of 12 d= 0.5 in. per minute. 

(c) Reject readings when the specimen slips in the jaws, or fractures in or at 
the edge of either jaw. 

Report.— The report should include the following: (1) results obtained on speci- 
mens cut in the machine direction of the paper should be reported is tensile 
breaking strength, machine direction, and the results obtained on specimens cut in 
the cross direction of the paper should be reported as tensile breaking strength 
cross direction; (2) average, minimum, and maximum values, either as kilograms 
or as pounds, to three significant figures; (3) number of specimens tested* ( if tvne 
ud capacity of ihe apparatus used; (5) rate of loading; (6) specimen width; a ml 
(!) distance between jaws of the clamps. 

Reproducibility.— Duplicate measurements of the tensile breaking strength of 

ssr^tSHE from the sanK lot o£ «-• a "“ « 

fabrics.— From the 30-in. sample, cut five -1- bv 6-in , • , , , 

dimension paraliel to the warp yarns, as show./at D-, to £ 
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five pieces with the longer dimension parallel to the filler yarns, as shown at E-l to 
E-5 in Fig. 28-29. Test these pieces at 70° ± 2°F. (21.1° ± in accordance 

with the grab method as described in Section 10 of the General Methods of Testing 
Woven Fabrics (ASTM D39). 

This test is performed as follows: 

Test Specimens.— Specimens 4 in. in width and not less than 6 in. in length 
should be taken for test. Two sets of 5 specimens each are required, one set, for 
warp breaking strength, having the longer dimension parallel to the warp yarns; 
and the other set, for filling breaking strength, having the longer dimension paral- 
lel to the filling yarns. No 2 specimens for warp breaking strength should con- 
tain the same warp yarns or, for filling breaking strength, the same filling yarns. 
Unless otherwise specified, specimens should be taken no nearer the selvage than 
one- tenth the width of the fabric. 

Testing Machine.— A tensile testing machine conforming to the requirements of 
Specifications ASTM D76, should be used. The distance between the damps at 
the start of die test should be 3 in. The face of one jaw of each clamp should 
measure 1 by 1 in., that of the other jaw of each clamp 1 by 2 in. or more, with 
the longer dimension perpendicular to the direction of application of the load. 

Procedure.— Place the specimen symmetrically in the clamps of the machine with 
the longer dimension parallel to and the shorter dimension at right angles to the 
direction of application of the load, care being taken to grip the same yarns in 
both clamps. Report the average of the results of die 5 individual tests on the 
warp as the warp breaking strength, and the average of the 5 individual tests on 
the filling as the filling breaking strength. If a specimen slips in the clamps, 
breaks in die damps, breaks at die edge of die clamps, or, if for any reason at- 
tributable to faulty operation, the result falls markedly below the average for the 
set of specimens, the result should be discarded, another specimen taken, and the 
result of this break included in the average. 

Note. — As a referee method, or in case any dispute arises regarding the strength, repeat the 
test, with the exception that the fabric before being tested shall be exposed at least 2 hours in 
an atmosphere of 65% relative humidity at 70°F. (21.1 °C.). 

Pliability. Felts .— From the 30-in. sample cut ten 1- by 8-in. specimens, five in 
the direction of and five across the fiber grain, as shown at F-l to F-5, and at G-l to 
G-5 in Fig. 28-29, respectively. Immerse them in water at 77"F. (25 fl C.) for 10 to 15 
minutes; dien remove each specimen separately and immediately bend it 90° over 
the rounded edge of a block at a uniform speed in approximately 2 seconds. The 
block shall be 3 in. square by 2 in. in thickness, with rounded corners of Ifc-in. 
radius for 15-pound felts, and 44-in. radius for 30-pound felts. In bending, hold 
the specimen tightly against the upper 2-in. face of the block and bend its pro- 
jecting end over the rounded corner without exerting any strain other than that 
required to keep the specimen in contact with the block and to avoid kinking- 
Consider any surface ruptures exceeding % in. in length as failures. 

Fabrics .— Cut five 1- by 8-in. test specimens in the direction of the warp, as shown 
at G-l to G-5 in Fig. 28-29. Immerse them in a cooling mixture of ice and water 
at 32“F. (0*C.) for 10 to 15 minutes; then remove each specimen separately and 
immediately bend it over a Me*ln. mandrel through an arc of 180" at a uniform 
speed in approximately 2 seconds and then through 360° over the same mandrel in 
the opposite direction. Dry the specimens thoroughly and examine them. If ° n ® 
or more of die test specimens crack, cut ten specimens from another portion of 
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the sample and repeat the test. If one or more of these specimens crack, consider 

1 h Loss 'on^Hea dng.-T rom the 30-in. sample, cut two 12- by 6-in. specii.jei.s at A-/ 
and K-2 in I'ig. 28-29. Weigh each specimen to 1 mg. Suspend Imth - in. • I * 
and parallel near the center of an oven maintained at --1 ± o '- ( IUj * . j‘ 

Insert a thermometer in the oven to such a depth that us bulb will be in but wit 
the center of the specimens. Keep them in the oven for exactly a hours; then re- 
move them carefully and cool and weigh each specimen. Calculate the average loss 
to the nearest 0.5% of the specimen weights (including the detached comminuted 
surfacing, if any). Report this figure as the loss on heating. Subtract the percent- 
age of moisture and report as the loss on heating exclusive of moisture. 

Examination of Desalinated Felt or Fabric. Weight of Desaturated felt oi 
Fabric.— («) Cut a 2-in. strip (±U« in.) from across the 30-in. representative sample 
as shown at H in Fig. 28-29. Measure its length to the nearest Ho in. and calculate 
its area to the nearest square inch. Extract the test strip as described in the Meth- 
ods of Testing Bituminous Mastics, Grouts, and Like Mixtutes (AS I M DM7), ex- 
cept that the strip shall be placed either in the large apparatus described in Section 
3(b) of Methods D 147-11 or in the large glass extractor shown in Fig. 28-30 of these 
Mediods Dl-16-59. When the drippings have become colorless, dry the extracted 
specimen in the basket or thimble, first at room temperature in a ventilated fume 
chamber and then in a ventilated oven at 221° ± 5°F. (I05 v -± J'C.). and cool in a 
desiccator. Remove the desaturated felt or fabric, brush off any adherent tom- 
minuted surfacing into the filter, and quickly weigh the felt or fabric to the ncaiesl 
0.1 mg. Repeat the heating, cooling in desiccator, and weighing of the desaturated 
felt or fabric to constant weight. From the area of the specimens and the weight of 
desaturated felt or fabric, calculate the weight per unit area of moisture-free de- 
saturated felt or fabric. Report this weight to the nearest U.I pound per HID sq. ft. 
for felts and to the nearest V< ounce per sq. yd. for fabrics. 

(b) Where coal-tar saturant has been used (see following section), cot reel the 
moisture-free weight of the desaturated felt or fabric for carbonaceous matter u - 
tabled mechanically in its interstices by multiplying by 100 - F/HH), where F is 
the percentage of retained carbonaceous matter as determined in the following sec- 
tion. 

(c) Recover the mineral matter in the filter paper and in the bituminous solution 
obtained in the extraction of the fabric by the method described in Section (a) 
of Method D 147-11. Determine its weight to the nearest 0.1 mg., calculate to the 
nearest pound per 100 sq. ft., and record as adherent mineral matter. 

Retained Carbonaceous Matter.— Determine the carbonaceous matter derived 
from a coal-tar pitch saturant and retained by the desaturated fabric by means of 
the following colorimetric method: 

(a) Macerate by boiling in water about 15 g. of an unsaturated fabric of the 
same general character as the one under examination, disintegrate with a rotary 
egg-beater, and pick the fibers apart with needles. Filter the fibers through fine 
cloth and dry to constant weight at 225°F. (107“C.). Accurately weigh a 1-g. por- 
tion of the fiber into a flask and dilute to exactly 100 ml. with distilled water at 
room temperature. Add about 50 g. of glass beads and shake the contents'of the 

“r rous,y u,ml ,l,c r,l>m are raluct<1 10 » pui,, i„ „„ i(on „ J: 

(b) Iiocure a distilled coal tar, having approximately 10 to ‘>b of of insoluble 

carbonaceous matter. Extract the carbon; - /u o b!t 


aceous matter with benzene until it is free 
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front soluble matter; then dry to constant weight at 225®F. (107*C.). Accurately 
weigh out a 1-g. portion of the purified carbonaceous matter and dilute to exactly 
100 ml. at room temperature with a starch solution of a consistency sufficient to 


-4 s /a"i , /4' 



l 7" ;'/<** 1 

Tic. 28-30. Extraction Apparatus. (Courtesy ASTM.) 


carry tire carbonaceous matter into temporary suspension. (A 12.5% hy weight 
solution is recommended.) 

(c) Titrate the liquid carrying the fibers, obtained as described in paragraph (a), 
with the suspension of carbonaceous matter, obtained as described in paragrapn 
(6), and examine from time to time a field prepared from a drop of the well-agi* 
tated mixture, under a microscope at 100X until die color exactly matches a field 
prepared from the desaturated fabric under examination (obtained as described 
in the preceding section) when both are viewed side by side under identical condi- 
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tions. The end point is fairly sharply defined. The buret reading gives directly 
the percentage of carbonaceous matter adhering to the moisture-frcc fabric under 

^Thread Count of Fabrics.-Test fabrics for number of threads per inch in accord- 
ance with Section 7 of the General Methods of Testing Woven 1-abncs (AS I M 
D39). This is performed as follows: 

(a) Number of Ends per Inch.-The actual number of ends (warp yarns or 
threads) in 1 in. should be counted at 5 or more places in the fabric, and the 
average number of ends per inch calculated. No 2 spaces counted should include 
the same yarns. If there are fewer than 23 ends per inch, the ends in S in. 
should be counted at 3 or more dilferent places in the fabric, and the average num- 
ber of ends per inch calculated. No count should be made nearer the schuge 
than one-tenth the width of the fabric, nor within 3 yd. of the ends of a roll or 
bolt. If the fabric is 3 in. or less in width, all the ends should be counted and the 
result expressed as ends per inch. 

(b) Number of Picks per Inch.— The average number of picks (filling yarns or 
threads) per inch should be determined in accordance with Paragraph (a), above. 

Thickness of Felts.-Measure the thickness of the desalinated felt at 20 equally 
spaced spots along the length of the sample strip obtained in paragraph (a) under 
Weight of Desalinated Felt or Fabric, lit all other respects follow Method C of 
the Methods of Test for Thickness of Paper and Paper Products (A. STM DG-15). 
This is performed as follows: 

Apparatus.— The apparatus should consist essentially of 2 plane parallel faces 
that can be moved apart or together along an axis perpendicular to themselves. 
In use, one of these faces (the anvil) should be held stationary, the specimen 
should be placed over it, and the other face (the presscr foot), which is circular, 
moved towards it until it exerts a predetermined pressure on the specimen. When 
this condition has been reached, the distance between the 2 faces should be read 
on a suitable device and recorded as the thickness of the specimen. The presser 
foot and actuating force should be •! ± 1 psi. 

Procedure— Place the specimen between the jaws of the measuring device and 
lower the presser foot as gently as possible upon the surface of the paper, with its 
edge at least Vi in. from the edge of the paper. Determine the thickness of each 
of the 10 specimens in each of 2 different places. If the mean between the maxi- 
mum and minimum of the 20 results differs from the average of all 20 by more than 
plus oi minus 5 %, measure enough additional specimens to obtain agreement within 
these limits. 

Report.— The report should include the following: (i) method used for deter- 
mining thickness; (2) relative humidity and temperature of conditioning atmos- 
phere; (3) number of specimens tested, if more or less than 10; (1) width of the 
specimens, if less than 2 in.; and (5) maximum, minimum, and average thicknesses 
measured to the nearest 0.0001 in. 

Ash.— If the weight of desaturated moisture-free felts or fabric is 25 or less, i«. 
nite the whole desaturated specimen. If it is greater than 25 g., cut the specimen 
into approximately 1-in. squares, mix them, and select about 2i 
ashing. Dry the ashing sample to constant weight at 221° ^ . 

Weigh to the nearest 0.01 g. and ignite in a weighed procelain or quartz dish or 
crucible until all carbon has been consumed. Cool in a desiccator, weigh and re- 

mofstmefrc e e 8 felt aS “?'» thC P ercema S c 011 the of the desaturated 

moisture-tree felt or fabric and report to the nearest 0.1%. 


specimen 
?• at random for 
oT. (105° * 3°C.). 
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Total Comminuted Surfacing.— Add the weight of adherent mineral matter per 
100 sq. ft. to the weight of detached comminuted surfacing per 100 sq. ft., and 
record as the total comminuted surfacing per 100 sq. ft. 

Bituminous Saturant.— Determine weight of saturant by subtracting the sum of 
the weights of the moisture-free desaturated felt or fabric, the moisture, and the 
total comminuted surfacing, from the weight of the sample, all expressed in pounds 
pei 100 sq. ft. for felts, or ounces per square yard for fabrics. Report these weights, 
and calculate the ratio of the weight of the saturant to the weight of desaturated 
moisture-free felt or fabric and report as the ratio of saturant to dry felt or fabric. 

ASPHALT ROLL ROOFING, CAP SHEETS, AND SHINGLES 

Methods applicable to roll roofing, cap sheets, and shingles have been standard- 
ized by the ASTM as "Tentative Methods of Testing Asphalt Roll Roofing, Cap 
Sheets, and Shingles” under the designation D228-57T as follows: 

Scope.— 1. These methods cover the procedures for the physical testing and 
chemical examination of roofing and shingles composed of asphalt-saturated roof- 
ing felt coated to various extents with an asphaltic coating and having the coated 
portion surfaced with mineral powders or granules. 

Types of Roofing and Shingles.— 2. Asphalt roll roofings, cap sheets, and shingles 
may be divided into three types (see Fig 28-31). Asphaltic coatings on all types may 
be compounded with mineral stabilizer. 

Type S.—A single thickness of asphalt-saturated felt, coated with an asphaltic 
coating, and surfaced, usually on both sides, with fine mineral surfacing such as 
talc or mica (Note). 

Note.—' T ype S is commei daily known as “smooth -surfaced roll roofing” and is cov- 
ered by the Specifications for Asphalt Roll Roofing Surfaced with Powdered Talc or 
Mica (ASTM D224-58). 

Type M .— Similar to type S, but with the asphaltic coating on the weather side 
surfaced with mineral granules, except for any unsurfaced selvage. The reverse side 
usually is surfaced with fine mineral surfacing such as talc or mica (Note). 

Note.— When in roll form, type M is commercially known as "mineral-surfaced roll 
roofing" and is coveied by the Specifications for Asphalt Roll Roofing Surfaced with 
Mineral Granules (ASTM D249-55), oi. when cut into slabs or shingles, it is commercially 
known as "asphalt shingles” and is covered by the Specifications for Asphalt Shingles 
Surfaced with Mineral Gianules (ASTM D225-55). 

Type il/ C. — Similar to type M, but coated oil the weather side for approximately 
one-half of its width with an asphaltic coating and the coated portion surfaced 
with mineral granules (Note). 

Note.— T ype MC is commercially known as “mineral-surfaced cap sheet” and is cov- 
ered by the Specifications foi Wide Selvage Asphalt Roll Roofing Surfaced with Mineral 
Gianules (ASTM D371-55). 

Sampling.— 3. (a) From each shipment or fraction thereof representing a product 
of the same kind, class, and weight, select at random a number of rolls or bundles 
equivalent to one-half the cube root of the total number of rolls or bundles in- 
cluded in die lot, except that in lots of 1000 or less, five rolls or bundles shall be 
taken. If one-half the cube root, as calculated, proves to be a fractional number, 
express it as the next higher whole number. Tabic 28-5 shows the number of 
rolls or bundles to be selected from shipments of various sizes. 
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Powdered Minerol Surfacing 
Asphalt Coating on Weather Side 


,'u.r 




Type S 


•, 1 -i \~T. -•- 1 

* ’ 'Asphalt Coating on Reverse Side 
Powdered Mineral Surfacing 
Asphalt -Saturated Felt 


Coorse or Fine Mineral Granules 
Asphalt Coating on Weather Side 



- — -i-Txam tr-T'cT *V.t^XLF"i 



1 'Asphalt Caoting on Reverso Side 
'Powdered Mineral Surfacing 
Aspholt-Soturated Felt 


Coarse Mineral Granule s->. 
Asphalt Coating on Weather Side \ 

) I 


a- 

b- 


paaa&s! 

'A #nhr«lt P*^ I • 


Type MC 


Asphalt -Solurotcd Felt 


Fig. 28-31. Consmiction of Asphalt Roll Roofing. Cap Sheris, ami Shingle. (Cumtew 

ASTM.) 


Table 28-5. Number of Packages to be Selected as Samples 


Packages in Shipment 

No. of 
Packages 
Selected 

■ 

Up to 1000 

5 

1001 to 1728 

6 

1729 to 2744 

7 

2745 to 4096... 

8 

4097 to 5832 

9 

5833 to 8000. 

10 

8001 to 10648... 

U 

10,649 to 13,824. . 

12 

13,825 to 17,576 

13 

17,577 to 21,952... . 

14 
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(b) The rolls or bundles selected in accordance with paragraph (a) constitute the 
representative sample used for all subsequent observations and tests pertaining to 
the lot of material being examined. 

METHODS OF PHYSICAL TESTING 

Asphalt Roll Roofing and Cap Sheets. Weight of Roll, and of Packaging Ma- 
terial, Nails, and Cement.— 4. Weigh each roll selected in accordance with Section 
3, intact, to the nearest pound, and record the weight of each roll. Weigh the 
wrappers, packaging material, nails, and cement from each roll to the nearest Y\ 
pound and record the average weight thereof per roll. Record the quantity and 
size of nails and presence and character of coating, if any. Record quantity of ce- 
ment, and whether or not it contains asbestos. Determine the Tag closed flash 
point in accordance with the Method of Test for Flash Point by Tag Closed Tester 
(ASTM D56). 

Weight of Loose Surfacing.— 5. Unwind each roll and observe and record the 
workmanship and finish of the roofing. If any loose surfacing is noted, shake it 
off, reweigh the roll, and record the loss of weight. 

Width, Length, and Area.— 6. ( a ) Measure the length and width of the roofing in 
each roll to the nearest % in., and calculate its area in square feet. From these 
values calculate the average area of the rolls examined. 

(6) Measure the width of selvage to the nearest % in. and note its character. 

Minimum Net Weight per 100 Sq. Ft.— 7. Calculate the net weight per 100 sq. ft. 
of roofing, exclusive of loose surfacing, contained in each roll. Record the mini- 
mum net weight per 100 sq. ft. of the rolls examined as the minimum for the lot. 

Average Net Weight per 100 Sq. Ft.— 8. Calculate the average net weight per 
100 sq. ft. for the rolls examined and record as the average net weight in pounds 
per 100 sq. ft. of the lot. 

Weight per Unit Area and Selection of Representative Sample.— 9. (a) From the 
rolls examined, select the one whose net weight per 100 sq. ft. is nearest the average 
of the lot. Lay the selected roll flat, carefully unwind the first one or two con- 
volutions and with a knife and straightedge cut the sheet cleanly across at right 
angles to the edges. Discard this material, and then take a sample measuring 
30 ± Vsz in. in the direction of the length of the roll. Determine the weight of the 
sample in ounces to the nearest % ounce, neglecting any loose surfacing, and cal- 
culate the weight per 100 sq. ft. as follows: 

Weight, lb. per 100 sq. ft. = A X 0.833 

where A = weight of 30-in. sample in ounces 

0,833 = factor for converting ounces per measured unit area (30 in. X 36 in.) to 
pounds per 100 sq ft. 

The weight so determined should be within 1.5% of the average net weight per 
100 sq. ft. of the lot (Section 8). If the sample selected fails to conform to this 
requirement, cut additional samples from the same roll until one of proper weight 
is obtained. Use this sample for die further examination as described in Sections 
16 to 25. 

(6) Having selected a sample representative of the lot, trim off any selvage area 
and weigh the remaining surfaced area in ounces to the nearest Vi ounce. Cal- 
culate the weight per 100 sq. ft. for the surfaced area as follows: 
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is 


Weight of surfaced area, lb. per 100 sq. ft. - - X 30 


where B = weight of 30-in. sample of surfaced area, in ounces 

C - width of 30-in. sample, measured at right angles to the length of the roll 


in inches „ . . , 

30 = factor for converting ounces per measured unit area (aO in a C) to pounds 


per 100 sq. ft. 

Record the weight so determined as the average weight per 100 >q. ft. of sin faced 
area for the lot (Note). 


No ie.— As a referee method, or in case any dispute arises legardiug the tcsults ob- 
tained on the sample selected and tested in acumlance with paiagiuphs «0 and (/')• lake 
a 3()-in. sample from each roll selected in actoi dance with Section 3 and examine sejiu- 

ratcly. 

Asphalt Shingles. Weight of Bundle and of Packaging Material.- 10. Weigh 
each bundle selected in .accordance with Section 3 to the nearest Ft pound and 
record the weight of each bundle. Weigh the packaging materials from each 
bundle to the nearest Ft pound and record the average weight thereof per bundle. 

Weight of Loose Surfacing.— 1 1. Separate the shingles and obsctve and record the 
workmanship and finish. Shake off any loose surfacing, reweigh the bundle, and 
record the loss in weight and the resultant net weight d of roofing per bundle. 

Shingle Count and Area.— 12. Count the number of shingles c in each bundle. 
Accurately measure two representative shingles to the nearest L'tj in. and determine 
the net area / in square feet of material per shingle. 

Minimum Net Weight per 100 Sq, Ft.— 13. Calculate the net weight of roofing 
material per 1U0 scj. ft. contained in each bundle as follows: 


Net weight, lb. 


~T}'< 10IJ 

< A/ 


where d — the resultant net weight of roofing per bundle 
e = the number of shingles 

/ = the net area of material per shingle, in square feet 


Record the minimum weight per 100 sq. ft. so obtained as the minimum weight per 
100 sq. ft. or the lot. 

Average Net Weight per 100 Sq. Ft.— H. Calculate the average net weight g per 
100 sq. ft. for the bundles examined and record this as the average net weight per 
100 sq. ft. of the lot. n 1 


Calculate the average net weight per shingle (/ x g)/100. 

Selection of Representative Samples.- 15. From the bundles examined, set aside 
for further examination in accordance with Section 17 to 2G a number of repre 
sentative shingles whose weight falls within 1.5% of the average weight per shingle 
(Section 14). The total area of the shingles so selected should be as close as pos- 
sible to 6 sq ft. of material, and the shingles should be selected from as many dif- 
ferent bundles as possible (Note 5). 1 
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Asphalt Roll Roofing and Cap Sheets. Pliability.— 1 6. From the sample selected 
in accordance with Section 9, cut ten test specimens 1 in. in width by 8 in. in 
length, five in the direction of and five across the length of the roll. Immerse in 
water at 77"F. (25"C.) for 25 to 30 minutes; then remove and immediately bend 
each specimen, with the weather side up, at a uniform speed through 90" in ap- 
proximately 2 seconds over the rounded edge of a block. The block shall be 3 in. 
square by 2 in. thick with rounded corners of Yi-in. radius for type S roofing and 
% in. for types M and MG roofing. When bending, hold the specimens by hand 
tightly against the upper 2-in. face of the block, and bend the projecting end o( 
the specimen over the rounded corner without exerting any strain other than 
that required to keep the specimen in contact with the block and to avoid kinking. 
Any surface rupture exceeding Yh in. in length is considered a failure. Report the 
number of specimens failing. 

Asphalt Roll Roofing, Cap Sheets, and Shingles. Loss and Behavior on Heat- 
ing.— 17- Cut two test specimens, each approximately 4 by 4 in., from the sample 
selected in accordance with Section 9 in the case of asphalt roll roofing and cap 
sheets, and from the sample selected in accordance with Section 15 in the case of 
shingles. Condition specimens for 24 hours in a desiccator, weigh, and then by 
means of a thin wire fastened through holes punctured near one edge, suspend 
them vertically in the center of an air oven maintained at 176° ± 5"F. (80" ± S'C.) 
in the same direction as the material would be applied to the roof. The internal 
dimensions of the oven shall be not less than 12 by 12 by 12 in. The oven shall 
be electrically heated with forced draft. Inseit a thermometer in the center of the 
oven to such a depth that its bulb is in line with the center of the specimens. 
Maintain the specimens at the prescribed temperature for exactly 2 hours, then 
cool in a desiccator and weigh each specimen. Calculate die aveiage loss of 
volatile matter as percentage of the original specimen weight. Record any change 
in appearance of the specimen such as blistering, absorption of the asphalt coat- 
ings, or sliding of coating or granular surfacing. Record the extent of the latter in 
inches. 


METHODS OF ANALYSIS 

Composition.— 18. Analyze the representative samples selected in accordance with 
Sections 9 and 15 for the weights in pounds per 100 sq. ft. of the following com- 
ponents as described in Sections 19 to 25: 

Dry felt 

Saturant (soluble in carbon disulfide) 

Weather side (Note) coating (soluble in carbon disulfide) 

Reverse side coating (soluble in carbon disulfide) 

Mineral surfacing on weather side (Note) [passing a No. 6 (3360 micron) sieve 
and retained on a No. 100 (149 micron) sieve] 

Mineral surfacing on reverse side [passing a No. 6 (3360 micron) sieve and re- 
tained on a No. 100 (149 micron) sieve] 

Mineral matter on weather side (Note) [passing a No. 100 (149 micron) sieve], 
and 

Mineral matter on reverse side [passing a No. 100 (149 micron) sieve] 

Note.— Weather side may lie cither side on type S roll roofing. 
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Selection of Specimens for Analysis . 19. (a) Materials of Uniform Thickness - 

From the sample representing the average net weight of tire lot of roofing, as o 
tained in Section 9 or in Section 15. cut test specimens -1 by 1 in. in dimeiisioii. 
Measure specimens to nearest in., and calculate the area. Weigh these speci- 

mens and calculate the weight in pounds per 100 sq. It. Reject any of the speci- 
mens whose weight per 100 sq. ft. varies more than 1.5% ftom the average net 
wei-ht as determined in Section ‘I or in Section 11. Continue this piocess until 
four acceptable specimens are obtained for use in determining the composition of 

the roofing as described in Sections 21 to 25. 

(b) Heavy Butt Shingles.-Cut four -1- by 1-in. specimens from the tenter of the 
exposed portion ol the shingles. Analyze these specimens in accordance with the 

procedures described in Sections 21 to 25. 

Cut four -l- by 1-in. specimens from the center of the exposed poilion of the 
shingles. Analyze these specimens in accordance with the procedures described in 
Sections 21 to 25. 


No ie.— T hese methods are not applicable to tapered shingles 

Preparation of Specimens for Analysis.— ‘1U. (a) Warm two ol eath group of font 
specimens cut as described in Section 15). for a period not longer than 5 minutes 
at a temperature of not more than 150T\ (()(>“(:.). and with a sharp knife ot spatula 
separate them into three horizontal sections at approximately the points indicated 
by the arrows a and b in Fig. 28-31. Remove the asphalt coatings with attached 
mineral surfacings in such a manner that a thin but continuous lavei of salinated 
felt adheres to them, thereby obtaining a central section ol saturated felt Iiee fiom 
coating. 

(b) By a similar procedure, split the other two specimens from each gtoup along 
the mid-line so that each half has approximately one-half of the fell adhering to it. 
z\dd any detached mineral surfacing to the section to which it belongs (Non;). 


Norn.— The specimens may be cut into smaller pieces to facilitate these splitting 
operations. 

Saturant in Felt.— 21. Dry the saturated tential sections from the two test speci- 
mens [Section 20(a)] in a desiccator for 2 hours, weigh, and extract with carbon 
disulfide in a suitable extractor or centrifuge until the washings are colorless. l)rv 
the desaturated felt in air; then place in a tared weighing bottle, dry further at 
221° to 230° F. (105° to 110°C.) for SO minutes, cool in a desiccator, and weigh. 
Ash the extracted felt as described in Section 2-1. 

Weight of Weather Side Coating Soluble in Carbon Disulfide.— 22. (a) Weigh 
and extract the two horizontal sections [Section 20(/z)] of the weather side con- 
taining the asphalt coating and mineral surfacing (which may he either side on type 
S roofing) with carbon disulfide in a suitable extractor or centrifuge until the 
washings ate colorless. Remove the pieces of felt and permit them to dry. 

(b) Brush the dry felts free of adhering mineral matter, dry in a tared wemhiim 
bottle at 221 0 to 230‘F. (105“ to HO’C.) for 30 minutes, cool in a desiccator? and 

(Section ^4) ^ eXtrJCted felts a,,d correct ll,c fdt weight for excess mineral matter 

(c) Filter the extract and combine the insoluble material so obtained with that 
> ushed fiom the felts. Dry the combined insolubles in air and then in » t oed 

weighing bottle at 221- to SSU-.F. (105- to I I0-O.) for , 'nates. Cool in ,1% 

catoi and weigh. Save for sieve analysis (Section 25). 
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Weight of Reverse Side Coating Soluble in Carbon Disulfide.— 23. Weigh and 
extract the two horizontal sections [Section 20(h)] of the reverse side containing 
the coating and mineral surfacing (which on type S roofing will be the side opposite 
to that selected under Section 22) as described in Section 22. Determine the dry 
felt weight, weight of asphalt, and weight of combined mineral matter as described 
in Section 22. Cool the mineral matter in a desiccator and save for sieve analysis 
(Section 25) (Note). 

Note.— O ther solvents may be used in place of carbon disulfide (Sections 21, 22, and 
23) if desired, but the same results may or may not be obtained. In case of dispute, use 
carbon disulfide. 

Ash of Desaturated Felt.— 24. (<i) Ash the desaturated felts obtained in Sections 
21, 22, and 23 from the center, weather, and reverse sides separately in tared cru- 
cibles, either over an open flame or in a muffle furnace, until all carbon has been 
consumed. After cooling, add to each ash approximately five times its weight ot 
saturated ammonium carbonate solution, let digest for 1 hour at room temperature 
in a cpvered beaker or crucible, dry in an oven at 221“ to 230°F. (105* to I10°C.) 
to constant weight, and record that weight as “ash." 

(b) The percentage of ash in the center portion (Section 21) is assumed to be the 
true percentage of ash of the felt. The difference between this ash and the per- 
centage of ash of the felts recovered in Sections 22 and 23 is presumed to be oc- 
cluded mineral matter from the coating. This percentage dilference is converted 
to weight and added to the weight of mineral matter passing the No. 100 (149 
micron) sieve. The corresponding correction is made to the weight of extracted 
felt from extraction of weather and reverse sides. 

Weight of Mineral Matter.— 25. (a) Moisten the mineral matter recovered in 
Section 22 with a few drops of ethyl alcohol, boil with 100 ml. of water, and wash 
successively through No. 6 (3360 micron) and No. 100 (149 micron) sieves with 
sufficient hot water to remove the fine mineral matter. Collect the mineral matter 
retained on each sieve separately, dry at 221° to 230°F. (105° to I10“C.) for 30 
minutes, and weigh. To the weight of mineral matter passing die No. 100 sieve, 
add the weight of excess ash determined in accordance with Section 24. Record as 
follows: 


Passing Sieve 

i 

Retained on ' 
Sieve 1 

Weight of 
Mineral Matter 


l 

No. 6 

Record if any 

No. 6 (3360 micron) 

No. 100 

V 

No. 100 (149 micron) 



(by difference) 


W 


In like manner, make similar determinations for the mineral matter recovered in 
accordance with Section 23. 

(b) To check die weight of mineral matter passing a No. 100 (149 micron) sieve, 
the total aqueous suspension diat passes through the No. 100 sieve may be filtered 
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through a weighed Gooch crucible, dried at 221" to 2STF. (105- to 110-C.), and 

weighed. , , , ... 

Calculations.— 26. Calculate the required values as follows: 

Ash in felt, % — L — — X 100 

where K = weight of ash from felt, in grams (Section 21) 

J = weight of extracted felt, in grains (Section 21) 


Sam rant in felt, % — M 


H - J 
J 


X 100 


where H = weight of saturated felt sample, in grams (Section 21). 

P(100 - Ii) 


Net weight of felt (Note 10), g. — T ~ 


100 - L 


\yhere P = weight of extracted felt, in grams (Section 22(c)) 

R = percentage of total ash in felt (after recarbonatiou) (Section 24) 

Trapped mineral matter in felt, g — /’ — 7’ 

Total weight of loose mineral matter in sample (excluding ash inherent in felt), g. — 
Q + (P-T ) 

Asphalt saturant, g. — T X 2/ 

Asphalt coating, g. = U — N — (P 4* Q + (7' X .U) + {P — T) 

where U = weight of the asphalt coating on felt soluble in CS 3 , in grams (Section 22) 
N = weight of the coated sample, in grams (Section 23) 

T 

Weight of dry felt, lb. per 100 sq. ft. = — X 31.75 

u 

where S — area of the sample, in square inches. 


Saturant, lb. per 100 sq. ft. = — X M X 31.75 

•J 

Coating (including mineral stabilizer if any), lb. per 100 sq. ft. = — x 31.75 

where W = weight of the mineral matter passing the No. 100 (149 micron) sieve [Sec- 
tion 25(b)). 

Mineral matter passing No. 6 and retained on No. 100 sieve, lb. per 100 sq. ft 

V 


s 


X 31.75 


where V - weight of the mineral matter passin g the No. 6 (3360 micron) sieve [Sec- 
Mineral matter passing No. 100 sieve, lb. per 100 sq. ft. = HI x 31.75 

s 

Mineral matter in coating, % = ~ ^ ~~ x 1QQ 
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Table 28-6 ( Continued ) 


Examination 


Workmanship 

Loss of surfacing per bundle 
Net weight each bundle 

Loss on heating 

Behavior on heating 

Net weight per 100 sq. It.: 

Average 

Minimum 


smooth, rough, loose, etc. 

lb 

lb 

per cent 

comments — 

inches sliding — 

lb 

lb 


Composition 


Results in lb. per 100 sq. ft. 

All Products: 

Dry felt 

Saturant 

Weather side coating _ 

Reverse side coating. 

Mineral surfacing on weather side 

Mineral surfacing on reverse side _ 

Results Expressed as Per- 
centage by Weight 

Saturant in felt ' 

Mineral matter in coating _____ _ ___ 
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Note.— I n calculating, make the net weight of felt, T, equal the sum of the felts re- 
covered fiom weather and rcvcise sides. Coating is calculated on the basis of individual 
analyses of the sections and reported as '‘weather side” or "reverse side" coating, including 
stabilizer, if an>. Mineral matter may be reported either as total or as from “weather 
side” or “teverse side." The sieve size should always be reported as determined. 

The value 31.75 is the factor for converting weight, in grams, of specimens hav- 
ing the area, s, in square inches, to pounds per 100 sq. ft. 

Report.— 27. The results of a complete examination of the materials tested shall 
he reported as indicated in Table 28-6. 

Note.— Methods applicable to asphalt siding have been standardized by the ASTM 
as "Standard Methods of jesting Asphalt Insulating Siding Surfaced with Mineral 
Granules” under the designation 1)1228-58. 

Table 28-6. Report Form for Results 


Examination 


Roll Roofing and Cap Sheets — Types S, Si, and AfC: 

Weight of each roll 

Average weight of wrapper, packing ma- 
terial, nails, and cement, total per roll .... 
Workmanship 


Selvage 

Loss of surfacing 

Pliability 

Loss on heating 

Behavior on heating. 

Nails 


Cement, 


Net weight per 100 sq. ft. : 

Average 

Minimum 

Surfaced sample tested 

Shingles — Type M: 

Weight of each bundle selected 

Average weight of packing material per 

bundle 

Shingles per bundle 

Size of shingle 

Area per shingle 

Shape 


lb. 


lb 

note any poor condition of rolls such as 
loose winding and any poor condition of 
surface of roofing such as rough, loose 

surfacing material, etc 

width and character 

lb. per roll 

number of specimens failing 

per cent 

comments 

inches sliding 

number per roll 

size 

coating 

quantity per roll 

asbestos 

Tag closed flash, deg. Fahr 

lb 

lb 

lb 

lb 

lb 

number 


sq. ft. 

describe or sketch 
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Table 28-6 (Continued) 
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Workmanship 

Loss of surfacing per bundle 

Net weight each bundle 

Loss on heating 

Behavior on heating. 

Net weight per 100 sq. ft.: 

Average 

Minimum 


smooth, rough, loose, etc. 

lb 

lb 

per cent — __ 

comments . — 

inches sliding 

lb 

lb 


Composition 

Results in lb. per 100 sq. ft. 

All Products: 

Dry felt 

Saturant 

Weather side coating 

Reverse side coating 

Mineral surfacing on weather side 
Mineral surfacing on reverse side. 

Results Expressed as Per- 
centage by Wright 



Saturant in felt. 

Mineral matter in coating 




PART IV 


EXAMINATION OF BITUMINOUS- 
SOLVENT COMPOSITIONS 


PHYSICAL TESTS OF FINISHED PRODUCT 


fo und elsewhere. haVe pro P osed - “"«r„ing which the particulars will be 


Specific Gravity 
Viscosity 

Plasticity and Mobility 
Flash Point 

Spreading Capacity and Workability 
Draining Test 
Time of Drying 
Hiding Power 


Color 

Gloss 

Hardness, Abrasion and Adhesion 
Water Absorption 
Resistance to Heat 
Resistance to Oil 
Resistance to Acids and Alkalies 
Dielectric Strength 


SEPARATION OF FINISHED PRODUCT INTO ITS 
COMPONENT PARTS 


RECOVERY OF THE SOLVENT 

D25m7: DiStiUation ««'■»<*— This has been standardized as follows as ASTM 

condensed 1 ™'! 10113 is distilled in a current of steam, and the solvent is 

eUl.er metl ? Pa from the wat<;r - The steam generator shall be made of 

the nr7h “ ■ g t aSS ’ W " h “ capaci ‘y of from 2 to 4 I., suitable for continued use in 

ahlp mniip e-” ° steam ‘ ^ S* ass » it shall be fitted with two outlets with suit- 
o7e7i r cT 1 a Ubber tUbing - In the “ SI! ° f a -etal generator, a large 
The ZVZ u S n a !! 3 ' Va ‘ er Sa . Uge 5ha11 bc additional parts of the apparatus, 
mav hi ° r S J l ? su pplied with suitable pinch cocks or valves so that steam 
™Ll Of b !°r ° ff '° the . aln,os P here u,uil ‘he «=st is ready. The bath shall be of 
of not ie | u “ cie,,t ca P ac, ‘y to permit immersion of the distilling flask to a depth 
‘ ‘ “ tha '' 10 “'• Heat for “earn generator shall be supplied by a sl.it- 

7niem mea.r t0r " iC h °' p!atc - The bath b “ hea ‘ ed W “T 

cumir, lll! '[ 1 ! l "! S |! li . !t f aI1 bC . a Sh ° rt rin g- ne <*, round-bottom flask of 1000-mi. 
tube fh'rh -,! a f Iud W1 th a dtree-hole rubber stopper, a steam distilling 
.roie hom !h ? '° Within in - ( ,2 - 7 ”"0 of bottom of the flask and 

e °P at 3 convenient distance for connection to the generator, a 
1038 
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vmor outlet tube which extends from beneath the rubber stopper to a point sujh- 
ri nth' above the distilling Husk that will permit convenient connection to the 
ondoLcT “ml a (ASTM 7-C. ir 7-F.). The ..cam .ubing should be 

not less than 2 nor more than -1 mm. in internal diameter and the vapor outlet tube 

should be not less than 5 min. in internal diameter. .... , v 

The condenser shall consist of a Vm-in. (1-1.2!) mm.) outside diameter No. J) 
Stubbs' Gauge seamless brass tube, 22 in. (55.88 cm.) long. It shall be set at an 
-m<de of 75° from the perpendicular and be surrounded with a cooling bath b m. 
fS8°l cm.) long, approximately 1 in. (10. 1 G cm.) wide by G in. (15.21 cm.) high. 1 he 
lower end of the condenser tube shall be cut oil at an acute angle, and curved down- 
ward for a length of J in. (7.G2 cm.) and slightly backward so as to ensure contact 



with the wall of the graduate at a point 1 to I!) in. (2.51 to 5.18 cm.) below the 
top of the graduate when it is in position to receive the distillate. 

A separatory funnel having a capacity of not less than 5UI) ml. should be provided. 
Accessories consist of suitable ring stands for supporting the steam generator, dis- 
tilling flask, bath for distilling flask, separatory funnel, and a thermometer. 

The apparatus shall be assembled as shown in I-'ig. 28-52. The steam generator 
shall be filled with water and heat applied. The bath shall be filled with a high- 
flash-point oil and raised to approximately l-lO'C. (281° F.). Five hundred milliliters 
of the sample shall be weighed into the round-bottom flask. The connection shall 
be made from the steam generator to the steam delivery tube, the end of which 
shall be within % in. of the bottom of the distilling flask. The outlet from the dis- 
tilling flask shall be connected to the condenser and the separatory funnel placed 
in position at the outlet of the condenser to receive the distillate. The end of 
the bulb of the thermometer in the steam-distilling flask shall be placed within L 
in. (12.7 mm.) of the bottom of the distilling flask. 

When the temperature of the sample in the distilling flask reaches 150°C. the 
outlet of the steam generator shall be closed, thus forcing the steam to pass through 
the sample. The flow of steam shall be adjusted so that the distillate is collected 
at the rate of approximately 6 to 10 ml. per minute. The distillation shall be 
stopped when 100 ml. of the distillate contains not more than 0.5 ml. of solvent, 
as determined by measuring the amount of oil in 100 ml. of distillate. When the 
distillation is finished, the water shall be separated from the distillate and the dis- 
tillate measured and retained for further tests, if required by the specifications 
In some cases, the distillate does not separate readily from the water, and this 
separation can be facilitated by the addition of sodium chloride, which will result 
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in a sufficient difference in gravity to produce a clear separation of the two layers. 

The results shall be reported in per cent by weight or volume as required by the 
specifications, based on the weight of the sample taken. 

RECOVERY AND EXAMINATION OF PIGMENT AND FILLER 

Dilute 100 g. of the well-mixed material with 500 ml. of benzene in an 800-mL 
stoppered flask. Either centrifuge or let stand in a warm place until the pigment 
or filler has settled, then carefully decant the supernatant liquid into a clean flask 
of large capacity. The pigment or filler is shaken up with 250 ml. more benzene, 
allowed to stand in a warm place until it settles, and the supernatant liquid de- 
canted into the second flask. Repeat the treatment with benzene until the vehicle 
has been completely extracted from the pigment. The prevention of skin forma- 
tion during this process may be attained by the addition of anti-oxidants such as 
phenol or hydrochinone (dissolved in ether), which are subsequently expelled on 
heating the pigment and base. The combined extracts are allowed to stand quietly 
to recover any pigment that may have been carried over with the benzene, and then 
carefully decanted through a weighed Gooch crucible provided with an asbestos 
filter. The residues in the flask and on the Gooch crucible are washed with benzene 
as before, and combined with the balance of pigment or filler, which is then dried 
at ]]0°C. and weighed. The combined extracts are retained for further exami- 
nation. 

The pigments or filler recovered from the previous test are subjected to a qualita- 
tive or quantitative analysis for purposes of identification, and to granulometric 
tests. 


RECOVERY AND EXAMINATION OF THE BASE 

If no pigments or fillers are present, the base is recovered as described, and its 
percentage by weight ascertained directly. If pigments or fillers are present, the 
combined extracts are distilled to a small bulk, transferred to a tared dish, and 
evaporated in an oven at I10°C. exactly to the calculated weight of the base, by 
subtracting the weights of solvent and pigment or filler from the original weight of 
material taken for examination. When oxidizable substances are present, the 
final evaporation should take place in an atmosphere of nitrogen gas. 

The base will contain the bituminous constituents (with the exception of any 
“free carbon” associated with coal-tar pitch, or the like, which will be separated 
with the pigments and fillers), and animal and vegetable oils or fats, resins, and 
metallic bases and driers. It may be separated into its component parts as follows: 



BIT U MI N O US-SOLVKNT COMPOSITIONS 


IOH 


Method ok Analyzing mi: Separated Ham: 

Dissolve SO g. in 150 ml. benzene. Add 10 ml. dilute nitric acid (1:1) and bull under a roJlux condenser for 
one-half hour to decompose any metallic soaps (i.e., driers, etc.). Add 150 ml. water, boil under reilux con- 
denser, transfer to a separatory funnel, draw olT the aqueous layer, boil with another 100 ml. water, and repeal 
if necessary until all the metals are removed. 


Benzene Solution: 

Distill to 100 ml., add 300 ml. of the saponifying liquid,* boil under reilux conden-vr for 
1 hour, and separate the unsutxmiiiable and saixmitiable constituents as described. 


U nsaponi fiable Matter : : Saponifiable Matter: 

Examine a small portion. If i Separate the fatty and resin 
higher alcohols are present, scjkl- acids as described, 
rate the balance into: 

Aqueous fjjyu. - 

Determine (n:r- 
cenlage glycerol. : 
Multiply this by - 
It) to estimate 

Hydrocarbons: 

Higher Alco - ' Fatly Acids: 

Resin Acids: 

Ixt cent of vege- 
table or animal 

Contain the 

hols, hie.: . Include acids 

Include acids 

oils or fats (tri- 

bituminous sub- 

Contain clic- derived from 

derived from 

glycerides) pres- . 

stances (i.e.. as- 

leslerol, etc., 1 vegetable and 

rosin and the i 

ent in the r.rigi- 

phalt, coal-tar 

derived from ; animat oils or 

fossil resins. 

rial substance. 

pitch, unsap. 
matter derived 
from fatty-acid 
pitch, etc.) 

wool grease. :d- fats, also from 
sothoun-apon- ; fatty-acid pitch, 
itiablc corutil- • 
uents originally ' 
present in res- 
ins (1 to 3%). i 


; 


Ajueout lislract: 

Contain < lin- 
met.dlic ba-cs as 
nitrate*. Examine 
qualitatively and 
then quantitative- 
ly fur Ir.id, man- 
ganese, cobalt, 
zinc, calcium, and 
magnedutn. 

(N.H. --Tlie ta*.t 
llilet* u.e<l fur Isar- 
drning rodn. The 
metallic driers 
should not be found 
by ignition, dr.ee 
the lead will lie re- 
dact d to metal by 
the organic nutter, 
and voluldtzcd.) 


♦The saponifying liquid alull consist of a 10% solution of KOH dissolved in equal juris of 95% Czll-OH or 
90% benzene. “ * 


PART V 


EXAMINATION OF BITUMINOUS 
DISPERSIONS 


The examination o £ bituminous emulsions lias been standardized by the ASTM 
*‘ S ‘“ nda ^ of Testing Emulsified Asphalts” under the designation 

D244-60 and D 244-6 IT as follows: 

WATER CONTENT 

Apparatus - The apparatus shall consist of a metal still or glass flask, heated by 
suitable means and provided with a reflux condenser discharging into a trap coil 
nected to the still or flask. The trap serves to collect and measure the condensed 
er an to return the solvent to the still. The type of distilling apparatus used 

is not an essential feature of this method. 

ifiSh 1 ?* mCtal . Stil l* Fi &‘ 28 - 33 (°)’ *i»all be a vertical cylindrical ves- 
is tiilTtiv a », y i °A ? 0pper ’ havin 8 a faced flange at the top to which the head 
of led by J m f a ! 1S of a c,am P- The head shall be of metal, preferably 

r , s,?K’ 3n f S ia 1 be P rov *ded with a tubulation 1 in. in inside diameter, 

linttnm f ® Fig. 28-33(6), shall be of die short-neck, round- 

500 ml. yPC ’ ma C ° well -annealed glass, having an approximate capacity of 

100 mm^TinA ;,T%? USed die raeta I still shall be a ring gas burner 

elect^hea t rm vhe W,lh the an ordinary gas burner* 

eiectnc neater may be used as the source of heat. 

type having a cond™”^* 1 ^ be of die water-cooled, reflux, glass tube 

an inner tube 9.5 400 ( 15 * ! "-> in ^ f, 

condenser to be inserted in th* P A 1 ?') ln 0utside diameter. The end of 

fr0 Tra h lTh tiCaI ° f the Kr ° , ‘ nd “ “ i "' e,e ” 

cordance with Kg P 2t33M b \„T d | e if welt-annealed glass, constructed m * 
divisions, and from 2 to iL , , be .^uated from 0 to 2 ml. in Us* 

tions between 0 and 2 ml shall h divisi0ns - The tolerance of die grajua 

±0.1 ml. ShaI1 be ±0 *°5 ml. and between 2 and 25 ml. shall be 

The solvent used whpn . . . , . 

or a light oil, and shall mnf ** lturamous emulsions shall be a coal-tar naphtha 
termined in accordance with* 5 !? 1 ? 1116 foll °wing distillation requirements, * 
Gasoline, Naphtha. Kerosene a c Standard Method of Test for Distillation of 
e, and Similar Petroleum Products (ASTM D86-61)- 
Note.— 9S% shall distill between 248‘F <120'C \ a a™ * „ 

* a and 482° F. (250 °C.). 
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1 01S 


The sample shall be thoroughly representative of the material to be tested, and 
the portion of the sample used for the test shall be thoroughly representative of 
the sample itself. Deviation from this requirement shall not be permitted. 

Note— The difficulties in obtaining proper representative samples for this denomi- 
nation arc unusually great, so that the impoitame of sampling cannot he too m tough cm- 


Procedure.— (a) When the material to lie tested contains less than 23% of water, 
place exactly 100 g. of sample in the still or flask. When the material contains 




(b) 


(c) 


1(5 mm 33 n for I)ctonmmn « Water: .1. 15 to 55 mm.: IS, [ f to Id mm.; C. 12 to 

,nm - U > lo »»»••> K 23 to 3S nun.: ¥. iHti to Id) turn.: //, Is to pt „„„. (Cour- 
tesy AS I'M.) 

“T C „"’ :U : 25% 01 " ,c •' *»•(!• wmi'le. T!iorou K lily mis the sample m In: 

loss o[ niaterh| C<lllal of lolva,t wirliii^. t;ikin S pioper rare lo avoid 

outhltr CO '""-T ll0 " S !’ a "' VC " ll "-' 1,111 01 aixl condenser l»v means 

the condenser • T" *“ ^ ‘"'d 2M:t (4). .Adjust tire' end o( 

be X e Z SC ", C I" , K ,ra|> “> ll “ l>°au.»n vvllidi will allow the end ,o 
the 1 ,? l ' <|CP “; ° ( T"'™ ,h: "' 1 (''-"'I (...) lielow dm surface „( 

■lie maal ,.;ii • J f tei dlll,U;,ll0n conditions Imvc Wen established. When 

betwe™ dm II, I “Tn W" mois.ened will, die snivel,. 

d and flange before attaching the clamp. Insert a loose cotton 



1044 EXAMINATION OF BITUMINOUS SUBSTANCES 

plug in the top of the condenser tube to prevent condensation of atmospheric 
moisture. 

(c) Then apply heat and so regulate it that the condensed distillate falls from 
the end of the condenser at the rate of from two to five drops per second. Place 
the ring burner used with the metal still about 3 in. above die bottom of the 
still at the beginning of the distillation, and gradually lower it as the distillation 
proceeds. 

(<Z) Continue the distillation at the specified rate until no water is visible on 
any part of the apparatus except at the bottom of the trap. This operation usu- 
ally requires less than 1 hour. Remove any persistent ring of condensed water 
in die condenser tube by increasing die rate of distillation for a few minutes. 

Calculate the results as follows: The volume of condensed water measured in 
the trap at room temperature, multiplied by 100 and divided by the weight of 
sample used, is the percentage of water. Report as “. . . per cent water by weight, 
ASTM Method D244-6IT.” 

Duplicate determinations of water by this method should not differ from each 
other by more than one division on the trap. 

RESIDUE BY DISTILLATION 

Procedure.— (a) Place exactly 200 g. of a well-mixed and leprescntative sample of 
die emulsion in the previously weighed iron still (including lid, clamp, thermom- 
eter, and gasket, if gasket is used) (Fig. 28-S4). 

(b) A gasket of oiled paper may be used between the still and its cover, or the 
joint may be ground to a tight fit. Clamp the cover securely on the still. 



Fig. 28-31. Apparatus Assembly for Distillation Test of Emulsified Asphalts. (Courtesy 
ASTM.) 
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(c) Insert the thermometer through the small hole in the covet. using 
stopper, so that the end of the bulb is V» fl ° ,n 1 Xcni by this means to 

10 ,hc 

connecting tube to prevent condensation of water m this 
(e) After practically all the condensate has 
been removed from the still and the tempera- 
ture of the residue has reached 250T. <12l‘C.), 
lower the position of the heat from the ling 
burner to midway of the still, and hold it theie 
until the thermometer reaches 1* . (176 J C.). 

Then rapidly lower the position of the burner 
to within H in. of the bottom of the still, and 
increase the temperature to 500*1'*. (2ti(hC.), 
maintaining it at this temperature for 15 min- 
utes. This latter period of heating is necessary 
to ensure a smooth homogeneous residue in the 
still. 

(/) At the expiration of the heating period at 
the maximum temperature, again weigh the 
still and accessories as described in paragraph 
(a). Calculate and report the percentage resi- 
due bv distillation. 




Note.— The iron still at room iciupciaimc |paia- 
graph («)] weighs 4.0 g. more than at , r >00T‘. [para- 
graph (/)]. This difference is atlt United to air 
buoyancy at 500 T. Correct for this error by add- 
ing 4.0 g. to die gross weight obtained in paragraph 
(/) prior lo calculating the percentage of residue by 
distillation. 

(g) Then remove the cover from the still and 
immediately pour suitable portions of die resi- 
due through a No. 50 (207 micron) sieve into 
suitable molds and containers for making the 
required tests. Permit the residue in the molds and containers to cool, uncovered, 
to laboratory room temperature, and thereafter test as described under Examination 
of Residue (p. 1052). 

Note.— When it appears impossible to distill an emulsified asphalt in the still described 
in paragraph (<i) and shown in I-ig. 28-3-1, due to excessive foaming of the emulsion, sub- 
stitute the modified still shown in Fig. 28-35, and proceed as follows: Place the 6-in burner 
around the larger diameter of the still near its top. This serves as a support. Place the 
4-in. burner immediately beneath the Hare, and the 2-in. burner not less than 2 in, below 


Fir.. 28-35. Item Still for I’se with 
lladlv Foaming F.tmtlsions. (Com- 
toy ASTM.) 



or .>,e slit, for a u Jo a ^ 
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resumption of heating, watch the delivery tube carefully and repeat this procedure if 
necessary. 

When the residue has reached and remained at 500° F. (260°C.) for 15 minutes, proceed 
as described in paragraph (/) for the regular still. Although the distillation should be 
completed in not less than 1 hour nor more than 1% horns from the first application 
of heat to the still, the maximum stated is not mandatory, as a Jongei.lime may be re- 
quired in some cases to avoid foaming of the emulsion into the condenser! 

If the residue in the still, prior to pouring the ductility and penetration samples, ap- 
peals granular or heterogeneous in any way, stir with a spatula until the material runs 
from the spatula in strings instead of drops, and then pour. 

RESIDUE BY EVAPORATION 

Procedure 4.— (a) Procedure A shall be used when determination of residue only 
is required. 

(b) Weigh exactly 50 g. of thoroughly mixed emulsified asphalt, represen ta the 
of the sample, into each of three beakeis, each beaker and a glass rod having pre- 
viously been tared. Place die beakers containing the rods and sample in the 
oven, the temperature of which lias been adjusted to 325“ ± 5°F. (163° ± 2.8“C.), 
for 2 hours. At the end of this period remove each beaker and stir the residue 
thoroughly. Replace in the oven for 1 hour, then remove the beakers from the 
oven, allow to cool to atmospheric temperature, and weigh. 

(c) Calculate the percentage residue on each beaker as follows: 

Residue, % = ^ X 100 

where A = weight of beaker, rod, and residue 
B =* weight of tared beaker and rod 
C *= weight of sample 

Report the residue by evaporation as the average of the three results. 

Procedure B.—(a ) Procedure B shall be used when tests on residue from emul- 
sion are required, in addition to percentage residue. 

(b) Follow the procedure as described in Procedure A, paragraph (b), except to 
dehydrate four 50-g. samples. After the residue has been determined and calcu- 
lated, replace the beakers in the oven until the asphalt residue is sufficiently fluid 
to pass through a No. 50 (297 micron) sieve (usually requiring 15 to 30 minutes). 
Then pour the residue through the No. 50 sieve and into suitable containers and 
molds for making such tests as desired, as described under Examination of Residue 
(p. 1052) (Note). 

Note.— As the method for residue by evaporation described above tends to give an 
asphaltic residue lower in penetration and ductility than the distillation method, material 
may be accepted, but shall not be rejected as failing to meet specifications containing re- 
quirements lor determination of tesidue by distillation, on data obtained by evaporation. 
If residue from evaporation fails to meet the requirements for propeities specified for 
residue from distillation, tests shall be rerun, using the distillation method. (Usually, 
however, results by evaporation do fall within requirement limits set for residue by dis- 
tillation.) 


CONSISTENCY TEST (VISCOSITY) 

Apparatus.— The apparatus shall be the following: 

(a) 'Viscosimeter.— A Saybolt Furol viscosimeter conforming to the requirements 
specified itt the Standard Method of Test for Saybolt Viscosity (ASTM D88-56). 
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(b) Sieve.— A No. 20 (8-10 micron) sieve or a 20-mesh strainer of iron wire cloth. 

framed or unframed. IOOJfr 

Procedure.— (a) Determine the viscosity at either / VI. (-a C.) or 1 — 1 • ( J ° C.) 
and express it in seconds, Saybolt Furol, winch is the time in seconds, for the de- 
livery of 60 ml. of emulsion. 

(b) Although the Saybolt Furol viscosimeter is not used for petroleum products 
and lubricants when tile time of How is less than 25 seconds, this instalment in 
satisfactory for testing emulsified asphalt when the time of How is not less than 

20 seconds. 

(c) Tests .u 77°F. (25 °C.). Stir the sample thoroughly without incorporating 
bubbles in it, and then pour it into a 1-ounce bottle, l’lace the bottle in the 
water bath at 77T*. (25°C.) for 30 minutes, and then mis the sample in the bottle 
by inverting it several times, slowly enough to prevent bubble formation. Pour 
the sample into the viscosity tube through the No. 20 (810 tuitions) sieve or 20- 
mesh strainer, allowing a small portion to flow through the outlet tube to waste. 
Place the cork in position, HU the tube and. without again storing the sample, 
determine the viscosity as prescribed in ASTM Method 1)88-56. 

(d) Tests at I22T\ (50° C.). Stir the sample thoroughly without incorporating 

bubbles in it, and then pour approximately 100 ml. into a 100-mi. glass beaker. 
Immerse the beaker containing the emulsion in a I60 J .i: 5T. (71“ 5 (• ) water 

bath to a point where the bottom of the beaker will be apptoximatcly 2 in. below 
the surface of the water. .Maintain the beaker in an upright position with the 
bottom parallel to the surface of the water. Stir the emulsion with a c titular 
motion 60 times per minute, with the oil-tube thermometer in diicct contact with 
the bottom and sides of the beaker, to obtain uniform tempctatuie distribution. 
Take care to avoid incorporation of bubbles. Heat the emulsion under test in a 
160°F. (71°C.) water bath to 12-1.5* & 0.5°F. (51. 1“ : fc UgfeC.). With the cork stop- 
per in the lower end of the air chamber at the bottom of the oil tube, immediatelv 
pour the emulsion through the 20-ntesh strainer into the previously cleaned and 
dried oil tube until it ceases to overflow into the gallery. .Stir the emulsion in 
the oil tube at 60 r.p.m. with the oil-tube thermometer until the test tetuperaliue 
is attained, taking care to prevent bubble formation. Adjust the bath tempctatuie 
until the emulsion temperature in the tube remains constant for 1 minute at 
122° ± 0.1 °F. (50 s ± 0.05°C.). Then withdraw the oil-tube thermometer and 
quickly remove the surplus emulsion from the gallery by means of the withdrawal 
tube so that the level of the emulsion in the gallery is below the level ol the oil 
tube proper. Determine the viscosity as described in ASTM Method 1)88-56. Re- 
port the results to the nearest full second. 

With proper attention to details, results in different laboratories should not 
differ by more than 5.0%. 

STABILITY TEST (DEMU LSI BILITY) 

A^aratus and Reagents.- The apparatus and reagents shall be as follows: 

(a) Wire Cloth.-Three pieces of No. I f (MiO micron) iron wire cloth armroxi 

l,avi " 8 wire dkmiam ami ° i>e,,i " ss "■" kh 

(b) Beakers.-Three metal beakers of 600-ml. capacity each. 
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(c) Rods.—' Three metal rods with rounded ends, approximately in. in di- 
ameter. 

(d) Buret-— A 50-ml. glass buret graduated in O.I-ml. intervals. 

(e) Calcium chloride solution, 0.02 N. 

(f) Calcium chloride solution, 0.10 N. 

Procedure.— (a) Determine the percentage of residue by distillation as described 
under Procedure for Residue by Distillation. 

(b) Record die weight of each assembly of beaker, rod, and wire cloth. 

(c) Weigh exactly 100 g. of the emulsified asphalt into eadi of diree GOO-ml. 
tared beakers. Over a period of approximately 2 minutes, add to each beaker, 
from a buret, 35 ml. of 0.02 N CaCI 2 solution if quick-setting emulsion is being 
tested, or 50 ml. of 0.10 N CaCl 2 solution if mixing-type emulsion is being tested. 
While adding the solution of CaCl 2 , stir the contents of the beaker continuously 
and vigorously, kneading lumps against the sides of the beaker to ensure thor- 
ough mixing of the reagent with the emulsion. Continue kneading the lump for 
another 2 minutes after the addition of the CaCl 2 solution. Perform this opera- 
tion after bringing the weighed sample of emulsion and the reagent to the stand- 
ard temperature of 77° =fc 1.0 *F. (25* ± 0.5°C.). 

(if) Fit one of the wire cloths over a beaker or other suitable vessel and pout 
the mixture of emulsion and reagent through the wire cloth. Rinse the beaker 
containing the sample and metal rod with distilled water. Knead and break up 
all lumps, and continue washing the beaker, rod, and wire cloth until there is 
no longer any appreciable color imparted to the wash water. After washing as 
directed, place the beaker, rod, and wire cloth used in each individual test in a 
drying oven, and dry to constant weight at 325° F. (163°C). 

The total weight thus obtained, less the total tare weight of the beaker, rod, 
and wire cloth, is the weight of the residue by the demulsibility test. Calculate 
die percentage demulsibility of the sample tested as follows: 

Demulsibility, % = ~ X 100 

where A — average weight of residue in grams from three tests of each individual sam- 
ple of emulsified asphalt 

B = weight of residue in grams per 100 g. of emulsion obtained in the test for 
residue by distillation described under Procedure for Residue by Distillation. 

SETTLEMENT TEST 

Apparatus.— The apparatus shall be as follows: 

(a) Cylinders.— Two 500-ml. glass cylinders, with pressed or molded glass bases 
and cork or glass stoppers. The outside diameter shall be 5.0 ± 0.5 cm., and the 
cylinders shall be graduated at each 5-mI. interval to the 500-ml. mark. 

(b) Class Pipet.— A 60-ml. siphon, glass-tube pipet of optional form. 

Procedure.— (a) Place a 500-ml. sample, representatiie of the emulsion, in each 

of the two glass cylinders. Stopper the cylinders in an airtight manner and allow 
them to stand unmolested, at laboratory air temperature, for 5 days. After stand' 
ing for this 5-day period, remove approximately the first 55 ml. of emulsion by 
incjiis of the pipet or siphon from the top of each cylinder without disturbing 
the balance of its contents. Weigh exactly 50 g. of each of the two samples, after 
cadi has been thoroughly mixed separately, into separate 600-ml. low-form glass 
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beakers, and determine the asphaltic residue by evaporation at 325*1'. (U>TC.) 
for 3 hours in the apparatus described in ASTM Method DO-39 I . 

(b) After removal of the first sample, siphon oil approximately the next 3.10 ml. 
from each of the cylinders. Mix the residue remaining in the cylinders thoroughly 
•md exactly, weigh out 50 g. from each of them, and determine for the two sample, 
the amount of asphaltic residue (all sediment, if any, included) by evaporation as 
described in paragraph («). 

(c) Record the numerical difference between the average percentage of asphaltic 
residue found in the two top samples and that found in the two bottom samples. 


CEMENT MIXING 

The high-early-strength Portland cement used in the lest shall conform to the 
requirements for type III of the Standard Specifications for Portland Cement 
(ASTM C15Q-G1), and shall have a minimum specific surface area of HUH) sq. cm. 


per g. 


Procedure.— (a) Dilute the emulsion to be tested with distilled water to a residue 
55% as determined by either distillation, or evaporation for 3 hours at 325 W. 


of 55 


(163°C.). 

(b) Sieve a portion of the cement through the No. 80 (177 micron) sieve. Weigh 
50 g. of the cement passing the No. 80 sieve into the iron dish. 

(c) Add 100 nil. of the diluted emulsion to the cement in the dish, and stir the 
mixture at once with the steel rod, using a circular motion, making 00 complete 
revolutions during 1 minute. Immediately at the end of the l-minute mixing pe- 
riod, add 150 ml. of distilled water, and continue the stirring for 3 minutes. Main 
tain the ingredients and apparatus at a temperature of approximately 77’' K. 
(25°C.) during the mixing period. 

(d) Pour the mixture through the tarecl No. I ! (1110 micron) sieve, of approxi- 
mately 3-in. diameter, and rinse by pouring distilled water from a receptacle held 
at a height of approximately (j in. Place the sieve in a tared shallow pan, heat at 
325°F. (IG3°C.) in an oven until dry. and weigh. 

Report the weight in grams of the material retained on the sieve and in the pan 
as the percentage of the emulsion broken. 


SIEVE TEST 

Apparatus and Reagen fc.-Thc apparatus and reagents shall be as follows: 

(a) Sieve.— A sieve having a 3-in. frame conforming to Sections l(«) and (b) of 
ASTM Specifications Ell-01, and having No. 20 (8-10 micron) wire sieve cloth 
conforming to Section 1-1(5) of these specifications. 

(b) Pan.— A tin box cover or shallow metal pan of appropriate si/e to fit over 
the bottom of the standard sieve. 

(c) Sodium oleate solution (2%), of pure sodium oleate in distilled water. 
Procedure.— Record the weight of the sieve and pan, and then wet the wire doth 

o[ ,hc No 20 sieve with the 2% sodium oleum solmion. Weigh and pour exactly 
1000 g. ol the en.uU.hed asphalt through the wire sieve, thoroughly washing the 

contatner and the residue on the sieve with the sodium oleate solutio the 

washings run clear. Place die pan under the sieve and heat for 2 hours in a drvi.n- 

tCmpCra ‘" re iS " dd * <»*•*>. .Hcu tool in a desit” 

The total weight of the sieve, pan, and residue in grams less the combined tare 
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weight of the sieve and pan, is the weight of the residue by the sieve test. Calcu- 
late the percentage of residue retained on the sieve from this weight. 

COATING TEST 

This test is applicable only to emulsions containing a base of asphalt of serai- 
solid consistency employed for coating aggregates. It is not applicable to the so- 
called quick-setting type of emulsions. 

Apparatus .— The apparatus and material shall be as follows: 

(a) Screens.— Standard %-in. and 14-in. round-hole screens conforming to ASTM 
Specifications El 1-61. 

(b) Spatula.— A steel spatula or its equivalent, having a blade approximately 8 in. 
in length. 

(c) Disli.— A round-bottom, iron dish or a kitchen saucepan, of approximately 
1 -quart capacity. 

(d) Stone.— A supply of reference stone (hard limestone, trap rock, or other type) 
which has been washed with water and dried before using. The grading of this 
stone shall be such that it will all pass through a standard %-in. screen and not more 
than 5% will pass through a }4-in. screen. 

Note.— E ach laboratory shall select ns own reference stone supply, the source of which 
is not apt to change. This is to obviate rapid changes in the character of reference stone 
used in any one laboratory. 

Procedure.— (a) Weigh exactly 465 g. of the washed and dried graded stone, and 
place it in the metal pan. 

(b) Add a 35-g. sample of the emulsion to the stone in the pan, and mix vigor- 
ously with the spatula for 3 minutes. 

(c) Record whether or not there is appreciable separation of the asphaltic base 
from the water of the emulsion, and whether or not the stone is uniformly and 
thoroughly coated with the emulsion. 

MISCIBILITY WITH WATER 

Test A is applicable to the so-called quick-setting type of emulsions. 

Procedure .—' To about 50 ml. of the emulsion, gradually add about 150 ml. of dis- 
tilled water, stirring the mixture while adding the water. The temperature is not 
important, but should be between 70“ and 77°F. (21° and 25°C.). Allow the mix- 
ture to stand for 2 hours and then examine it for any appreciable coagulation of the 
asphalt content of the emulsion. 

Test 11 is used for determining the miscibility with water of medium-setting 
and slow-setting types of asphalt emulsions. It is not appreciable to the quick- 
setting type of asphalt emulsions. 

Apparatus.— The apparatus shall be as follows: 

(a) Glass Tubes.— Three glass tubes, 7 mm. in outside diameter, 5 mm. in inside 
diameter, and 15 cm. in length, Btted with suitably bored No. 8 corks, adjusted 
as described subsequently under Assembly of Apparatus. 

(b) Supporting Strip.— A strip of metal or wood, approximately 15 cm. in length, 
2.5 cm. in width, and 0.5 cm. in thickness, with a hole 10 mm. in diameter in the 
center. 

(c) Crucibles.— Three 15- or 25-ml. porcelain crucibles, or three 30-ml. beaker* 
of heat-resistant glass. 



EXAMINATION OF BITUMINOUS DISPERSIONS l(k>l 

Assembly of Apparatus.- Ad}ust the position of the corks on the glass tubes by 
measuring ^200 ml. of distilled water at 68 u to 77T. (20° to 25*C.) into the -ifJO-inl. 
beaker, placing the supporting strip across the top of the beaker, inserting a tube 
through the hole, and adjusting the position of the cork so that when the tube 
is supported by the cork resting on the supporting strip, the lower end at Hie 
tube is immersed in the water to a depth of 1 cm. below the surface. In the same 
manner, adjust the second and third tubes so that the depth of immersion is 2 and 
4.6 cm., respectively. 


Note.— D ue to slight dillei cnees in height and diameter of -lOO-ml. heakeis as obtained 
commercially, it mu\ he necessary to icadjtisi the tubes when used in dilfeicnt heakeis. 
fn any event, the third or bottom tithe shall pioject into the emulsion so that the tip 
is within 1 to 1.5 mm. of the bottom of the beaker. 


Procedure.— (a) Measure 5U nil, of the emulsion at a temperature of G8 :> to 77T. 
(20° to 25°C.) into a 50-ml. graduated cylinder and transfer to the 400-ml. beaker. 
Wash the graduate with three 50-ml. portions of distilled water at 68' to 77T. 
(20° to 25°C.) and add the washings to the beaker, bringing the final volume to 
200 ml. Stir the emulsion and water with a glass rod until uniformly mixed, 
cover the beaker with a watch glass, and allow the mixture to stand undisturbed 
for 2 hours. 

(b) Weigh the three crucibles or 80-mi. beakers, and a watch glass for each, to 
the nearest 0.1 mg. After the diluted emulsion has stood for 2 hours, remove the 
watch glass and place the supporting strip across the top of the 400-ml. beaker. 
Take a sample of approximately 1 g. from the top layer and transfer to one of 
the crucibles or beakers, using the first or 1-cm. deptit tube as a pipel. Close 
the top of the tube with the finger, insert the tube to the proper depth, remove 
the finger while the emulsion rises in the tube, and then replace the linger on top 
of the tube so that when the tube is removed its contents of emulsion will be 
pipetted from the beaker. After removal, wipe oil the adhering licjtiid on the 
outside of the tube with filter paper before transferring the sample to the crucible. 
In like manner, take samples from the middle and bottom of the diluted emulsion, 
using the second and third tubes, respectively. Weigh the crucibles with their 
accompanying samples of emulsion, and determine the weight of each of the 
three samples by dillerence. Cover the crucibles with watch glasses to retard evapo- 
ration. 

(c) Remove the watch glasses from the crucibles and place the samples in an 
oven at 163°C. (B25°F.) for 2 hours; then remove, cool, and weigh. 

Calculate the percentage of asphalt residue in the top. middle, and bottom levels. 
Report the maximum numerical dillerence in percentage of asphalt content be- 
tween any two of the three levels. 


FREEZING TEST 

Procedure.— (ti) Place approximately 400 g. of the emulsion in a clean mec.l 
container, such as a 1-pint press-top tin. 

( nsSr? emulsi ° n in the C ! oscd comaincr to a temperature of 0*E. 
(—17.0 C.) fot 12 or more consecutive hours. 

(c) At the expiration of the freezing period, permit the emulsion to thaw by ,-v. 

posuie of the container to the temperature of the laboratory. ' ' 

(d) Aftei the first operation of freezing and thawinc rom-u ,i . 

so that the emulsion will have been subjected to three cycles of lreezin^;u!cUhawing; 
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(e) After the third cycle, the emulsion may be homogeneous or may have sepa- 
rated into distinct layers which cannot be rendered homogeneous by stirring at 
laboratory temperature. 

(/) Report the result of this test as either “Homogeneous” or “Broken.” 

EXAMINATION OF RESIDUE 
SPECIFIC GRAVITY 

Procedure .— Determine the specific gravity on a representative portion of the 
residue in accordance with the Standard Method of Test for Specific Gravity of 
Road Oils, Road Tars, Asphalt Cements, and Soft Tar Pitches (ASTM D70). 

ASH CONTENT 

Procedure .— Determine the ash on a representative portion of the residue in ac- 
cordance with the rapid routine method of ash determination, as described in 
Section 5 of the Standard Methods of Analysis of Lubricating Grease (ASTM 
1)128) 


SOLUBILITY IN CARBON DISULFIDE 
Procedure .— Determine the solubility in carbon disulfide on a representative por- 
tion of the residue in accordance with the Standard Method of Test for Bitumen 
(ASTM D4). 


PENETRATION 

Procedure .— Determine the penetration on a representative portion of the resi- 
due in accordance with the Standard Method of Test for Penetration of Bituminous 
Materials (ASTM D5). 


DUCTILITY 

Procedure.— Determine the ductility on a representative portion of the residue 
in accordance with the Standard Method of Test for Ductility of Bituminous 
Materials (ASTM D113). 

Note -O ther tests having leieience to bituminous dispersions arc as follows: 

1 ASTM D 1 167-58T— "Asphalt-Base Emulsions for Use as Protective Coatings for 
Built-Up Roofs” 

2. ASTM D1010-58— “Asphalt Emulsions for Use as Protective Coatings for Metal" 

3 ASTM D46G-42— “I ilnis Deposited fiom Bituminous Emulsions” 
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PORTLAND CEMENT 

By W. C. Manna 

Consultant, California Pot eland Cement Co. 
I .os Anjjelc-i. Calif. 


Introduction.— Portland cement is the product obtained bv pulverizing clinker 
consisting essentially of hydraulic calcium silicates. 

The methods of chemical analysis included in this chaplet ate principally ap- 
plicable to the five types of portland cement specified bv the Auntie. in .Society 
for Testing and Materials, the l ! . S. Government. and the Ameticau Association of 
State Highway Officials, with added methods of chemical analysis for taw matetials 
used in the manufacture of these cements The methods of chemical analysis as 
applied to portland cement will he principally i orient AS 1 M pinicdutcs. AS 1 M 
and Federal methods of chemical analysis of portland cement dillet only in minor 
detail. For details of Federal methods icier to current Fedetal Test Method 
Standard No. 158. 


SAMPLING 

A section on sampling of portland cement is included in order to point out the 
importance of sampling in relation to chemical determinations. 

In mining operations it is common to sample on an "assay basis" because the 
information desired demands that samples representative of the whole he obtained; 
however, when a product must meet certain maximum and minimum recjuiiemeuts, 
the purpose and possibly the method of sampling may lie conside red fiom a diffet- 
ent point of view. 

There are at least two schools of thought as applied to the sampling of Portland 
cement. One favors the "grab method," whereas a second subset ibes to the "com- 
posite method.” Those favoring the “grab method* arc of the opinion that samples 
taken at irregular intervals during production and tested separately will more 
accurately detect variations that fall outside specification requirements Those 
favoring the “composite method” feel that samples taken at regular intervals dur- 
ing production and combined in approximately equal weights will mote nearly 
he representative of the storage bin filled and the individual shipments from the 
bin. 

Since a difference of opinion exists, the method used is usually determined bv 
the purchaser. For details of accepted sampling procedures refer to current Ameri- 
can Society for Testing and Materials Specifications under designation CKS‘5 uul 
current Federal Test Method Standard No. 158. Also see chapter on sanmiim- 

n 91 O' 
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STANDARD METHODS OF CHEMICAL ANALYSIS 
OF PORTLAND CEMENT 

Methods applicable to chemical analysis of portland cement have been standard- 
ized by the ASTM under the designation C1I4-58. 1 

These methods of chemical analysis are not all considered as possessing die high- 
est obtainable accuracy, but are methods to be followed in making acceptance tests 
on cements covered by specifications requiring that tests be made in accordance 
with the analytical procedures contained in this standard. 

REFEREE METHODS 

Referee analyses, when there is a question regarding acceptance, shall be made 
in duplicate and the analyses shall be made on different days. If die two results do 
not agree within the permissible variation given in Table 29-1, the determination 


Table 29-1. Maximum Permissible Variations in Results 


Component 

Between Two 
Results 

Between the 
Extreme Values 
in Three Results 


0.16 

0.24 


0.20 

0.30 


0.10 

0.15 


0.20 

0.30 


0.16 

0.24 


0.10 

0.15 


0.10 

0.15 


0.03 

0.05 

Potassium oxide, K z O 

0.03 

0.05 


0.05 

0.08 


0.03 

0.05 


0.03 

0.05 

Insoluble residue 

0.10 

0.15 


0.004 

0.006 


0.20 

0.30 




shall be repeated until two or three results agree within the permissible variation. 
When two or three results do agree within the permissible variation, their average 
shall be accepted as the correct value. When, either an average of two results or an 
average of three results can be calculated, the calculation shall be based on the 
three results. For the purpose of comparing analyses and calculating the average 
of acceptable results, the percentages shall be calculated to the nearest 0.01 (or 0.001 
in the case of chloroform-soluble organic substances), although some of the average 
values are reported to 0.1 as indicated in the methods. When a blank detenni* 

1 Reproduced in part with permission of the American Society for Testing and Material*. 
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nation is specified, one shall be made with each individual analysis or with each 
group of two or more samples analyzed on the same day for a given component. 


Note.— It is recommended that the analyst use reference samples such as National 
Bureau of Standards Standard Sample No. 177 (pmtland cement) to indicate abnormal 
variations, if present. 


DETERMINATION OF SILICON DIOXIDE 
Procedure.— (a) Transfer 0.5 g. of the sample to tin evaporating dish, preferably 
of platinum for the sake of faster evaporation, moisten with 10 mi. of cold water to 
prevent lumping, add 5 to 10 ml. of MCI, and digest with the aid of gentle heat and 
agitation until solution is complete. Solution may be aided by light prevail e 
with the flattened end of a glass rod. Evaporate the solution to dryness on a steam 
bath. Without heating the residue any further, treat it with a to 10 ml. of HCi 
and then an equal amount of water, or pour at once upon the residue 10 to 2<> 
ml. of MCI (1:1). Then cover the dish and digest for 10 minutes on the bath or a 
hot plate. Dilute the solution with an equal volume o( hot water, immediately 
filter, and wash the separated SiO,_, thoroughly with hot water (Non; 1), and ic- 
serve the residue. 


Note 1.— The washing of the ,SiO_. precipitates can he made mine cllecthe l>> using 
hot HCI (1:99) and then completing the washing with hot water. 

(6) Again evaporate the filtrate to dryness, and bake the residue in an oven for 
1 hour at 105° to 1I0°C. Cool, and add 10 to 15 ml. of HCI (1:1) and heat on the 
bath or hot plate. Dilute with an equal volume of water, filter immediately on a 
fresh fdter paper, and wash the small SiO.j residue thoroughly with hot water. 
Reserve the filtrate and washings for the determination of the ammonium hydrox- 
ide group (p. 1056). 

(c) Transfer the papers containing the residues [paragiaphs (a) and (/<)) to a 
platinum crucible (Note 2). Dry and ignite the papers, first at a low heal until 
the carbon of the filter paper is completely consumed without inflaming, and finally 
at 1100° to 1200°C. until the weight remains constant. 

Note 2— The empty crucible may he weighed it one wishes to know, for his own infor- 
mation, the magnitude of impurities in lire residue of hiO... 

(d) Treat the Si(X thus obtained, which will contain small amounts of impurities, 
in the crucible with 0.5 to 1 ml. of water, two drops of H u SO l (1:1), ami about 
10 ml. of HF, and evaporate cautiously to dryness. Finally, heat the small residue 
at 1050° to 1100°C. for a minute or two, cool, and weigh. The dilleieuce between 
this weight and the weight previously obtained represents tile amount of SiO... To 
this amount of SiCT, add the amount of SiO., recovered from the residue of the 
ammonium hydroxide group as directed in the analysis of the ammonium hydroxide 
group, paragraphs (d) and (a), given subsequently. Add 0.5 g. of Xa..S..O- or 
KoS., 0 7 to the crucible and heat below red heat until the small residue of impurities 
is dissolved in the melt. Cool, dissolve the fused mass in water, and add it to the 

filtrate and washings reserved for the determination of the ammonium hydroxide 
group. 1 

Blank.— Make a blank determination, following the same procedure and usitm 
the same amounts of reagents, and correct the results obtained in the analysis \c- 

cordinrdv. ' 
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Calculation.— Calculate the percentage of Si0 2 to the nearest 0.10 by multiplying 
the weight in grams of SiO«, by 200 [100 divided by the weight of sample used 

(PRE- 
DETERMINATION OF THE AMMONIUM HYDROXIDE GROUP 

Procedure.— (a) To the filtrate reserved in accordance with paragraph (6) of the 
procedure for silicon dioxide (p. 1055) (Note 1), which should have a volume of 
about 200 ml , add HC1 if necessary to ensure a total of 10 to 15 ml. of the acid. Add 
a few drops methyl red indicator (2 g. per liter of ethanol), and heat to boiling. 
Then treat with NH 4 OH (1:1) (Note 2), drop by drop, until the color of the solu- 
tion becomes distinctly yellow and add one drop in excess (Note 3). Heat the 
solution containing the precipitate to boiling and boil for 50 to 60 seconds. In the 
event difficulty from bumping is experienced while boiling the ammoniacal solu- 
tion, a digestion period of 10 minutes on a steam bath, or on a hot plate having the 
approximate temperature of a steam bath, may be substituted for the 50- to 60-sec- 
ond boiling period. Allow the precipitate to settle (in not more than 5 minutes) 
and filter. Wash, from two times for a small precipitate to four times for a large 
one, with hot NH 4 C1 (20 g. per liter) (Note 4). 

Note 1.— If a platinum evaporating dish has been used for the dehydration of SiO«, 
iion ma) have been paitiall) reduced. At this stage, add about 3 ml. of saturated bromine 
water to the filtrate and boil the filtrate to eliminate the excess biomine befoie adding the 
methyl red indicator. 

Note 2.— The NH 4 OH used to precipitate the hydroxides must be free of contamination 
with C0 2 . 

Note 3. — It usually takes one diop of NH 4 OH (1.1) to change the color of the solution 
from red to orange and another diop to change the color from orange to yellow. If de- 
sired, the addition of the indicator may be delayed until Fe(OH ) 3 is precipitated without 
AI(OH ) 3 being completely precipitated. In such a case, the color changes may be better 
observed. However, if the content of Fe 2 0 3 is unusually great, it may be necessary to let the 
precipitate settle a little, a few times, before the proper end point is attained. If the color 
fades during the precipitation, add more of the indicator. Observation of the color where 
a drop of the indicator strikes the solution may be an aid in the control of the acidity. The 
boding should not he prolonged as the color may reverse and the precipitate may lie diffi- 
cult to retain on the filter. The solution should lie distinctly yellow when it is ready to 
filter. If it is not, restore the yellow color with more NH 4 OH (1.1) or repeat the precipita- 
tion. 

Note 4.— Two drops of methyl red indicator should be added to the NH 4 CI solution 
in the wash bottle, followed by NH 4 OH (1:1) added dropwise until the color just changes 
to yellow. If the color reverts to red at any time due to healing, it should be brought back 
to yellow by the addition of a drop of NH 4 OH (1:1). 

(6) Set aside the filtrate and transfer the precipitate and filter paper to die same 
beaker in which the first precipitation was effected. Dissolve the precipitate iu 
hot HC1 (1:3), dilute the solution to about 100 ml., and reprecipitate the hydroxides 
as described In paragraph (n). Filter the solution, and wash the precipitate with 
two 10-ml. portions of hot NH 4 C1 (20 g. per 1.) (Note 4). Combine die filtrate 
and washings with the filtrate set aside and reserve for the determination of CaO 
(p. 1058). 

(e) Place the precipitate in a weighed platinum crucible, heat slowly until the 
papers are charred, and finally ignite to constant weight at 1050® to 1 100°C. with 
care to prevent reduction, and weigh as the ammonium hydroxide group. 

(d) Add 3 g. of Na 2 S 2 0 7 or K.>S 2 0 7 to the crucible (Note 5) and heat below red 
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heat until the residue is dissolved in the melt (Noth G), Cool, dissolve the fused 
mats in water containing 2.5 ml. of H,SO„ and evaporate the solution. Raise the 
temperature until copious fumes are evolved, but avoid a large loss of H..SO, 
which will cause the mass to become hard instead of pasty on cooling. Dissolve 
the mass in water, digest for 15 to lit) minutes short of boiling, filter, and wash with 

hot water. 


Note a.— The procedure ck-sciihed in paiagiaplis (d) and U-) is iccpiiicd only when a 
cliemical detenu mat ion fails to meet a spec Hit .u ion iec|iiueniem. 

Note 6 —Start the heating with caution because py i uni! fates (also Known as fused 
bisulfates), as received, often foam and spattci in the beginning, due to an e\ce« of 
H„SO t. Avoid uu uunccc.v»uril\ liii^li tcinjjei.ittiic ;nul uniiciostriU hrannii. 

as" fused pyrosullates may attack piatinuin. A supple ol noiispatteiiiig in loniliaie mav 
be prepared by heating some pyrosullaie in a platinum vessel below red iie.il until the 
foaming and spattering cease, cooling, and crushing the fused mass. 

(e) Transfer the paper (Non-: 5) containing the lesidtie to a platinum uutiblc. 
Dry and ignite the paper, first at a low heal until the carbon of the paper is com- 
pletely consumed without inflaming, and finally at 1100" to 1200 C1. until the 
weight remains constant. Treat the SiO._, thus obtained in the crucible with a 
drop of water, about 5 ml. of Hl\ and a drop of ILSO,. and evaporate cautiously 
to dryness. Finally, heat the crucible at 1050° to llUO'C. for 1 to 2 minutes, cool, 
and weigh. The difference between this weight and tin- weight pic-viotisly ob- 
tained represents the amount of lesidual Si0 2 . .Subtract this amount from the 
amount of ammonium hydroxide group obtained according to paiagrapb p i and 
add the same amount to the amount of SiCC obtained according to paragraph (cl) 
of the Silicon Dioxide Determination (p. 1055). 

Blank.— Make a blank determination, following the same piocedtue and using 
the same amounts of reagents, and collect the i exults obtained in the analysis ac- 
cordingly. 

Calculation.— Calculate the percentage of ammonium hydtoxide gioup to the 
nearest 0.01 by multiplying the weight in grants ol ammonium hydroxide group 
by 200 [100 divided by the weight of sample used (0.5 g.)]. 


DETERMINATION OF FERRIC OXIDE 
Reagents. Stannous Chloride Solution.— Dissolve 5 g. of SnCL*2H..O in 10 ml. 
of HC1 and dilute to 100 ml. Add scraps of iron-free granulated tin and boil until 
the solution is clear. Keep the solution in a closed dropping bottle containin'' 
metallic tin. ° 


g. of barium diphenyl- 
0.00-i g. Fe,.0.,).— Dissolve 


Barium Diphenylamine Sulfonate Indicator.— Dissolve 0.5 
amine sulfonate in 100 ml. of water. 

Standard Potassium Bichromate Solution (1 ml 
2.-157 g. of IvXinO- in water and dilute to 1 liter. Standardize against standard 
Stbley non ore issued by the National Bureau ol Standards (standard sample No. 

^placements) in the same manner (Non:) as directed for the determination 
of Fe 2 O a in cement, using a weight of iron ore that will yield a titration within 
5 ml. ol that required by the cement sample in question. 

nlSn ICl d a ! C th . e . Fe ?°» et l uiv:,k ‘ nt of the solution in grains per milliliter hv multi- 
y g the weight in grams ol iron in the amount of iron ore used by l no (mo- 

/olutSn^equimi: 2 3 “ 3FC> a ' ,d lU ' illil ' 6 bV " >lume >» •»«««*«■ "I kTo, 



PORTLAND CEMENT 


1058 

Note.— The iron ore may require long digestion in hot HC1 for complete dissolution. 
Stannous chloride may be used as an aid in the dissolution, as follows: Treat the sample 
with 15 ml. of HC1 and digest at a temperature just below boiling for about SO min- 
utes. Add some of the SnCl 2 solution, using less than the amount that is expected to re- 
duce all the iron. Continue the digestion until the iron is dissohed out, as evidenced 
by the absence of dark lcsidue. The SnCL may be added in small quantities during the 
digestion. If an excess is present at the end of the digestion, destroy it with bromine 
water. Dilute the solution to about 50 ml., heat the solution to boiling, and proceed as 
directed for the determination o( Fe>0 3 in cement, beginning with decolorization ruth 
SnCl 3 . 

Procedure .— To l g. o£ the sample, add 40 ml. of cold water and, while the mix- 
ture is stirred vigorously, add 10 ml. of HC1. If necessary, heat the solution and 
grind the cement with the flattened end of a glass rod until it is evident that the 
cement is completely decomposed. Heat the solution to boiling and treat it with 
the SnCI 2 solution, added drop by drop while stirring, until the solution is de- 
colorized. Add one drop in excess and cool the solution to room temperature. 
Rinse the inside of the vessel with water, and add all at once 10 ml. of a cool, 
saturated HgCl» solution. Stir the solution vigorously for 1 minute and add 10 
ml. of H 3 P0 4 (III) and two drops of barium diphenylamine sulfonate indicator. 
Add sufficient water so that the volume after titration will be between 75 and 100 
ml. Titrate with the standard K 2 Cr 2 0 7 solution. The end point is taken as the 
point at which a drop causes an intense purple coloration that remains unchanged 
on further addition of the standard K 2 Cr 2 0 7 solution. 

Calculation.— Calculate the percentage of Fe 2 0 3 to the nearest 0.01 (to be re- 
ported to the nearest 0.1) as follows: 


Fe 2 0 3 , % » EV X 100 

where E — FeiOj equivalent of the KiC^O; solution in grams per milliliter 
V = milliliters of K 2 Cr 2 07 solution required by the 1-g. sample used 

DETERMINATION OF ALUMINUM OXIDE 
Procedure .— Calculate the percentage of A1 2 0 3 by deducting the percentages of 
Fe 2 0 3 and P 2 0 5 (Note), determined according to the above procedure and to 
ASTM Cl 14-58, Sections 24 and 25, respectively, and expressed to the nearest 0.01, 
from the percentage of ammonium hydroxide group, determined as described on 
p. 1056 and expressed to the nearest 0.01. Report to the nearest 0.1. 

Note.— T he deteimiiution of P 2 0.i and its deduction fioin the deles munition of am- 
monium h)dro\ide gioup are lequiied onl) when a sample fails to meet a specification 
requirement. Any titanium that may be present will be precipitated with Al(OH) 3 ami 
Fe(OH) 3 in the procedure described above and is counted as A1 2 0 3 . Aluminum oxide 
shoujd not be corrected for Ti0 2 unless such a correction is expressly specified or the de- 
termination of the component is required. 

DETERMINATION OF CALCIUM OXIDE 
Procedure.— (a) Acidify the combined filtrates obtained in the precipitations of 
the ammonium h)droxide group (p. 1056) with HCI and evaporate them to a volume 
of about 100 ml. Add 40 ml. of satuiated bromine water to the hot solution and 
immediately add NH 4 OH until the solution is distinctly alkaline. Boil the solu- 
tion for 5 minutes or more, making certain that the solution is at all times dis- 
tinctly alkaline. 

Allow the precipitate to settle, filter, and wash with hot water. Discard any 
manganese dioxide that may have been precipitated. Acidify the filtrate wit t 
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HCl and boil until all the bromine is expelled. Add 5 ml. of HCl, dilute to -00 
ml., and add a few drops of methyl red indicator and $ 0 ml. of warm ammontum 
oxalate solution (50 g. per 1.). Heat the solution to 70° to 80"C., and add Ml, OH 
(1:1) dropwisc. while stirring, until the color changes from red to yellow. Allow 
the solution to stand without further heating for 1 hour (no longer), with occa- 
sional stirring during the first 30 minutes. Filter and wash moderately with cold 
ammonium oxalate solution (1 g. per 1.). Reserve the filtrate and washings. 

lb) Transfer the precipitate and filter paper to the beaker in which the precipita- 
tion was effected. Dissolve the oxalate in 50 ml. of hot HCl (I.'l) and ma relate 
the filter paper. Dilute to 200 ml. with water, add a few drops ol methyl red indi- 
cator and 20 ml. of ammonium oxalate solution, heat the solution nearly to boiling, 
and precipitate calcium oxalate again by neutralizing the acid solution with 
NHtOH as described in paragraph (a). Allow the solution to stand 1 to 2 hours 
(standing for 2 hours at this point does no harm), filler, and wash as before. Com- 
bine the filtrate with that already obtained anti reserve for the determination of 
MgO (see below). 

(c) Dry the precipitate in a weighed, covered platinum ci liable. Char the paper 
without inflaming, burn the carbon at as low a temperature as possible, and, finally, 
heat with the crucible tightly coveted in an electric furnace cn - over a blast lamp 
at a temperature of 1100' to 1‘200‘C. Cool in a desiccator and weigh as CaO. Re- 
peat the ignition to a constant weight. 

Blank.— Make a blank determination, following the same procedure and using the 
same amounts of reagents, and correct the icsults obtained in the analysis accord- 
ingly. 

Calculation.— Calculate the percentage of CaO to the nearest 0.1 by multiplying 
the weight in grams of CaO by 200 [100 divided bv the weight of sample used 
(0.5 g.)]. 


DETERMINATION OF MAGNESIUM OXIDE 


Reagents. Ammonium Nitrate Wash Solution.— Dissolve 100 g. of NH,NO. ( in 
water, add 200 ml. of NHjOH, and dilute to 1 liter. 

Procedure.— (a) Acidify the filtrates reserved in the determination of CaO (see 
above) with HCl and concentrate to about 250 ml. Add to this solution about It) 
ml. of (NH.,) i! IIP0. 1 (250 g. per 1.) ami cool the sol utiou fry placing in a beaker of 
ice water. After cooling, add NlI,OII drop by drop, while stirring constantly, un- 
til the crystalline magnesium ammonium phosphate begins to form, and then in 
moderate excess (5 to 10% of the volume of the solution), the stirring being con- 
tinued for several minutes. Set the solution aside for at least 8 hours in a cool 
atmosphere, and then filter. 


(5) Unfold the filter paper and, using hot water, wash the precipitate into the 
beaker in which the precipitation was effected. Rinse the filter paper with hot 
HCl (1:4) and again with hot water; if necessary, add more hot HCl (1:4) to dj s . 
solve the precipitate. Dilute the solution to about 100 ml., add 1 ml. of 
(NH.,) 2 HP0. 1 (250 g. per 1.), and then add NH,OH drop by drop, while stirring 
constantly, until the precipitate is again formed as described and the NH OH is 
m moderate excess. Cool, allow to stand for about 2 hours, filter, and wash with 
wo 10-ml. portions of the NH,NO ;i wash solution. Place in a weighed platinum or 
porcelain crucible, slowly cnar the paper, and carefully burn off the liultiim car- 
bon. Ignite the precipitate at 1100° to 1200° C. (Note) to constant wei.dir 1' 
care to avoid melting the pyrophosphate. 1 ' tak,,, « 
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Note.— If the crucible is glazed, the temperature should not exceed 1125°C. as the glaze 
may partially fuse at about 1200°C. 

Blank.— Make a blank determination, following the same procedure and using the 
same amounts of reagents, and correct the results obtained in the analysis accord- 
ingly. 

Calculation.— Calculate the percentage of MgO to the nearest 0.1 as follows: 

MgO, % = IV X 72.4 

where W ~ grams of Mg 2 P 2 0 7 

72.4 = molecular ratio of 2MgO to Mg 2 P 2 0 7 (0.362) divided by weight of sample 
used (0.5 g.) and multiplied by 100 

DETERMINATION OF SULFUR TRIOXIDE 

Procedure .— To 1 g. of the sample, add 25 ml. of cold water and, while the mix- 
ture is stirred vigorously, 3dd 5 ml. of HC1. If necessary, heat the solution and 
grind the material with the flattened end of a glass rod until it is evident that de- 
composition of the cement is complete (Note 1). Dilute the solution to 50 ml. and 
digest for 15 minutes at a temperature just below boiling. Filter, and wash the 
residue thoroughly with hot water. Dilute the solution to 250 ml. and heat to 
boiling. Add slowly, drop by drop from a pipet, 10 ml. of hot BaCl 2 (100 g. per 1.) 
and continue the boiling until the precipitate is well formed. Digest the solution 
for 12 to 24 hours at a temperature just below boiling (Note 2). Take care to 
keep the volume of solution between 225 and 260 ml. and add water for this pur- 
pose if necessary. Filter the precipitate, wash, place the paper and contents in a 
weighed platinum or porcelain crucible, and slowly char and consume the paper 
without inflaming. Then Ignite at 800° to 900°C., cool in a desiccator, and weigh 
the BaS0 4 . 

Note 1.— A brown residue due to compounds of manganese may be disregarded. See 
Note 2 (p. 1068) under Determination of Insoluble Residue. 

Note 2.— If a rapid determination is desired, the time of digestion may be reduced to 
as little as 3 hours. The result may be slightly low. If the cement is rejected for failure 
to meet the specification requirement, the time of digestion shall be 12 to 24 hours. 

Blank.— Make a blank determination, following the same procedure and using 
the same amounts of reagents, and correct the results obtained in the analysis ac 
cordingly. 

Calculation.— Calculate the percentage of S0 3 to the nearest 0.1 as follows: 

S0 3 , % = W X 34.3 

where W ~ grams of BaS0 4 

34.3 = molecular ratio of S0 3 to BaSO* (0.343) multiplied by 100. 

Optional Procedure .— The acid filtrate obtained in the determination of the in- 
soluble residue (p. 1068) may be used for the determination of SO a instead of using 
a separate sample. 

DETERMINATION OF SULFIDE SULFUR 

Apparatus. Gas Generating Flask.— Connect a dry 500-ml. boiling flask with a 
long'Stem separatory funnel and a small connecting bulb by means of a rubber 
stopper. Bend the stem of the funnel so that it will not interfere with the con- 



1061 


PORTLAND CEMENT 

necun fr bulb, adjust die stem so that the lower end is close to the bottom of the 
flask, and connect the opening of the funnel with a source of compressed air. Con- 
nect the bulb with an L-shaped glass tube and a straight glass tube about J cm. in 
length. Insert the straight glass tube in a tail-form, lUO-ml. beaker. A tlnee-neck 
distilling flask with a long glass tubing in the middle opening, placed between 
the source of compressed air and the funnel, is a convenient aid in the regulation 
of the air flow. If the air contains H«S or SO.., a solution of lead acetate oi some 
other suitable absorbent shall be used in the battle. Rubber used in the appa- 
ratus shall be of a pure-gum grade low in sulfur and shall be cleaned with v.atm 

HCl. 

Reagents, Starch Solution.-To 100 ml. of boiling water, add a cool suspension 
of 1 g. of soluble starch in 5 ml. of water and tool. Add a cool solution of I g. of 
NaOH in 10 ml. of water, then a g. of KI, and mix thoroughly. 

Standard Potassium Permanganate Solution, 0.0:5 A'.— Prepare a solution of 
KMnO., on the basis of 0.91 g. per liter. The solution should not he filtered 
through any filter containing organic matter. It is most convenient to siphon oil 
clear solution without disturbing the sediment on the bottom of the bottle. 
Standardize the solution against about 0.15 g. of sodium oxalate oxidimeirit stand- 
ard furnished by the National Bureau of Standards (standard sample No. 10) ac- 
cording to the directions furnished with the sodium oxalate. 

Standard Sodium Thiosulfate Solution, 0.03 Ab— Prepare a solution of NaJCO., 
on the basis of 7.-1 g. of Na u S u O ;t -5H.d) per liter. 

Standard Potassium lodatc Solution, 0.03 A\— Piepare a solution of KIO., and 
KI on the basis of 1.12 g. of KIO., and 12 g. of KI per liter. Standardize the solu- 
tion as follows: To a cool solution of 1 g. of KI in 300 ml. of water and 10 ml. of 
HCl in a 500-ml. flask, add about 25 ml. of the standard KMnO, solution, swirl the 
solution gently, stopper the flask, and let stand for 5 minutes. Titrate the liberated 
iodine with the standard Na-pCO., solution until the color nearly fades. Add 2 ml. 
of the starch solution, continue the titration until the blue color is desuoyed, and 
back-titrate with the standard KMnO, solution until the blue color just reappears. 
Repeat the titration with the KIO ; , solution substituted for the KMnO., solution. 
Calculate the sulfur equivalent of the standard KIO., solution in grams per milli- 
liter as follows: 


E = 


.1 X C X C X 0.2392 
EX DX F 


where E - sulfur equivalent of the K10 3 solution in grams per milliliter 

A = grams of NaTTO* used in the standardization of the KMnO* solution 
B = milliliters of KMnO* solution required by .-1 

C = milliliters of KMnO* solution used in the standardization of the KI0 3 solu- 
tion 

D — milliliters of NajS-Oa solution required by C 

I' = milliliters of KIO n solution used in the standardization of tire KI0 3 solution 
G — milliliters of Na^S^Oa solution required by F 
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Stannous Chloride Solution.— To 10 g. of SnCl 2 -2H 2 0 in a small flask, add 7 ml. 
of HC1 (1:1), warm the mixture gently until the salt is dissolved, cool the solution, 
and add 95 ml. of water. This solution should be prepared as needed, as die salt 
tends to hydrolyze. 

Ammoniacal Zinc Sulfate Solution.— Dissolve 50 g. of ZnS0 4 -7H 2 0 in 150 ml. 
of water and 350 ml. of NH 4 OH. Filter the solution after allowing it to stand at 
least 24 hours. 

Ammoniacal Cadmium Chloride Solution.— Dissolve 15 g. of CdCl 2 *2H 2 Q in 
150 ml. of water and 350 ml. of NH 4 OH. Filter the solution after allowing it to 
stand at least 24 hours. 

Procedure .— Place 15 ml. of the ammoniacal ZnS0 4 solution (Note 1) and 285 
ml. of water in the beaker. Put 5 g. of the sample (Note 2) and 10 ml. of water 
in die flask and shake the flask gently to wet and disperse die cement completely. 
This step and the following one should be performed rapidly to prevent the set- 
ting of the cement. Connect the flask with the funnel and bulb. Add 25 ml. of die 
SnCIo solution Uirough the funnel and shake the flask. Add 100 ml. of HC1 (1:3) 
through the funnel and shake the flask. During these shakings, keep the funnel 
closed and the delivery tube in die ammoniacal ZnS0 4 solution. Connect the fun- 
nel with the source of compressed air, open die funnel, start a slow stream of air, 
and heat the flask and contents slowly to boiling. Continue the boiling gently 
for 5 or 6 minutes, cut off die heat, and continue the passage of air for 3 or 4 
minutes. Disconnect the delivery tube and leave it in die solution for use as a 
stirrer. Cool die solution to 20° to 30°C. (Note 3), add 2 ml. of the starch solu- 
tion and 40 ml. of HC1 (1:1), and titrate immediately with the standard KI0 3 
solution until a persistent blue color is obtained (Note 4). 

Note 1.— In general, the ZnS0 4 solution is preferable to the CdCU solution because 
ZnS0 4 is more soluble in NH 4 OH than is CdCI 2 . The CdCl 2 solution may be used when 
there is doubt as to the picsoncc of a trace of sulfide sulfur, as the yellow CdS facilitates 
the detection of a trace. 

Note 2— If the content of sulfur exceeds 0.20 or 0.25%, a smaller sample should be 
used so that the titration with the KI0 3 solution will not exceed 25 ml. 

Note 3— The cooling is important, as the end point is indistinct in a warm solution. 
A part of the N'H 4 OH is lost during the distillation and the remaining NH 4 OH reacts 
with acid, raising the temperature of the solution a few degrees without rendering the 
end point uncertain. 

Note 4.— If the content of sulfur is appreciable but not approximately known in adcance, 
the result may be low due to the loss of H 2 S during a slow titration. In such a case the 
dctcimination should be repeated with the "titration carried out more rapidly. 

Blank.— Make a blank determination, following the same procedure and using 
the same amounts of reagents, and correct the results obtained in the analysis ac- 
cordingly. 

Calculation.— Calculate the percentage of sulfur (Note 5) as follows: 

Sulfur, % « EV X 20 

where E = sulfur equivalent of the KIO3 solution in grams per milliliter 
V — mifliliters of KIO3 solution required by the sample 
20 = 100 divided by the weight of sample used (5 g.) 

Note 5.— Sulfites, thiosulfates, and other compounds intermediate between sulfides and 
sulfaies arc assumed to be absent. If such compounds are present, they may cause an 
error in the determination. 
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determination of loss on ignition 

Procedure .— Heat 1 g. of the sample in a weighed, covered platinum crucible of 
20- to 25-nil. capacity, as follows, using either Method A or B as specified. 


NorE.-Thc.se methods are not considered suitable for the dctenmuatiou of the Uks of 
volatile matter on ignition of Portland blast-furnace slag cement and oi slag cement. A 
method suitable for such cements is described in Section 19 of the lentamc Methods for 
Chemical Analysis of Portland Cement (AS' I'M Cl 11-5 ST). 


Method A.— Place the crucible in a hole in an asbestos boaul damped hori- 
zontally, so that about three-fifths of the crucible projects below the hoard. Ignite 
at a full red heat (900° to H)U()°C.) until constant weight is obtained. Allow a mini- 
mum of 15 minutes for the initial heating period and 5 minutes for all subse- 
quent periods. Take care to wipe off particles of asbestos that may adhere to the 
crucible when withdrawn from the hole in the board, (beater neatness and short- 
ening of the time of heating may lie secured by making a hole to fit the ciucible 
in a circular disc of sheet platinum and placing this disc over a somewhat larger 
hole in an asbestos board. 

Method B.— Ignite the crucible and its contents to constant weight in a liuifile 
furnace at a temperature of U50® ± 5U”C. Allow a minimum of 15 minutes for 
die initial heating period and 5 minutes for all subsequent periods. 

Calculation.— Calculate the percentage of loss on ignition to the nearest 0.1 liv 
multiplying the loss in weight in grams by 100. 


DETERMINATION OF SODIUM AND POT ASSIUM OXIDE 
The American Society for Testing and Materials Standard Method as described 
in Cll-1-58, Sections 21 through 25, and (oinmonly refeued to as the "J. L„ Smith 
Method" is a complicated procedure requiring seveial days for completion. It is 
now seldom used except for such projects as the development of primaiy siaudaids 
as specified in the flame photometric methods for the determination of sodium and 
potassium oxide. Flame photometers are comparative instruments and are sub- 
ject to interferences from other elements that may he contained in the unknowns: 
consequently it is vitally important that primary standards, based on sound gravi- 
metric procedures, be available for calibration and perfoimance tests. 

The method detailed below will he the current ASTM Tentative Standard 
Cl 1-1-5ST, with modifications that will lie similar to Federal Test Method Standard 
No. 158. 


SODIUM OXIDE AND POTASSIUM OXIDE BY FLAME PHOTOMETRY 
USING THE DIRECT-INTENSITY METHOD 

Apparatus .- The flame photometer consists essentially of a solution atomizer, a 
Meker-type burner operating on a mixture of propane gas and filtered air contain- 
ing the atomized solution, a light slit and light-collimating system between the flame 
and light-dispersing prism or prisms, followed by a condensing lens and a movable 
light slit whose position is indicated on a wavelength scale and which passes a 
selected wave band of refracted light to a photoelectric cell. T he light beam is in 
terrupted periodically to cause an a-c output of the photocell current. The current 
generated by the cell is amplified and its intensity is measured by meter deflection 

demeTi^ ^ ^ ^ CUrrentS ** ‘ U P b >’ kn0 ' vn concentrations of 

thJfnllI! ame p f hotometer be mooted in a suitable cabinet and shall include 
the following features and accessories: icuuie 
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Air Supply.— Compressed air shall be supplied to the apparatus through a dust 
filter, a liquid trap, and a pressure-regulating and reducing valve capable of 
delivering air to the apparatus at the rate of 2 cu. ft. per minute and at a constant 
pressure within the range from 8 to 15 psi., with a maximum deviation of ±Q.i 
psi. from the selected pressure. 

Gas Supply.— Compressed propane gas or commercial “bottled gas” shall be sup- 
plied to the apparatus through a pressure-regulating and reducing valve at a con- 
stant pressure within the range from 2 to 10 psi. and with a maximum deviation of 
=b 0.1 psi. from the selected pressure. 

Solution Atomizer Assembly.— The solution atomizer shall be of acid-resistant 
glass construction and shall be capable of atomizing solutions at a rate ranging from 
10 to 25 ml. per minute with an accuracy of ± 1 ml. at any point within this 
range when air at a pressure of 10 psi. is supplied to the air port. The atomizer 
shall be easily accessible for cleaning. The vessel receiving the atomized solution 
shall also be of glass of such construction that large droplets of solution are led 
to a drain. The finer droplets suspended in air shall be led to the air port of 
the burner through a tube having a smooth internal bore of approximately % in. 

Gas Burner Assembly.— The gas burner shall be of the Meker type designed for 
proper combustion of propane gas with air. The grid and grid holder shall be 
made of a metal not easily corrodible by hydrochloric acid solution and, together 
with the burner, shall be easily detachable for cleaning purposes. The burner 
shall be provided with a means of adjusting the air-gas ratio to permit recom- 
mended flame characteristics. A heat-resistant colorless glass chimney to ensure 
steady operation shall be provided, together with a suitable support. 

Optical System.— The monochiomator shall consist of an entrance slit of suitable 
dimensions, a system of lenses and prisms for collimating, dispersing, and focusing 
the light beam, an exit slit and wavelength selector, and a photocell. At a point in 
the light path between the flame source and the first lens, there shall be a mechani- 
cal means (such as a reed vibrator or motor-driven chopper disc) for interrupting the 
radiation at a constant frequency to provide an a-c signal from the photocell. 

Electric Current Supply.— The electric current supply shall be 110- to U5-v., 
60-cycle, a-c current obtained from a suitable regulator capable of maintaining 
voltage with an accuracy of ±1 v. 

Electric Circuit.— The electric circuit shall be an a-c amplifier operating at the 
radiation modulation frequency. The amplifier shall have such gain and stability 
that the amplified signal, after synchronous rectification and filtering, can' be read 
on a standard meter. The gain control of the amplifier shall be regulated by a 
coarse and fine adjustment. 

Indicating Meter.— The meter shall be a standard panel meter of 100 scale divi- 
sions readable and reproducible to % division. 

Note.—' The type of flame photometer as described has been found to be generally satis- 
factory; hot\e\er, other flame photometers, together with suitable procedures, may be Used 
provided the equipment meets the following performance tests: The equipment must be 
capable of obtaining values for sodium oxide and potassium oxide on samples such as 
National Bureau of Standards Sample No. 177 within ±0.02 percentage points of tne 
certified values. 

Reagents. Calcium Chloride Stock Solution.— Add 300 ml. of water to 112.5 g- 
of CaC0 3 (Note) in a 1500-ml. beaker. While stirring, slowly add 500 nth of 
HC1 (sp. gr. 1.18). Cool the solution to room temperature, filter into a 1 -liter 
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This solution contains 


volumetric flask, dilute to the mark, and mix thoroughly, 
the equivalent of 63,000 p. p. m. (6.3%) of C.iC). 

Note.— The calcium carbonate shall be A.C.S. “low -alkali" CaCO ;1 , carrym^ a specih- 
cation limit of 0.02% total alkalies a-, sulfate. I he purchaser should ussute hnn.si.fl 
this specification is met. 

Sodium-Potassium Chloride Stock Solution.-Dissolve 1.8,858 g. of NaCI and 
1.5830 < r . of KC1 (previously dried at 105° to IKPC. for several hunts) in water, 
dilute to 1 liter in a volumetric flask, and mix thoroughly. 1 his solution contains 
the equivalent of 1000 p. p. in. (0.10%) each of Su.X) and K 2 0. 


Taule 29-2. Stanuakd Solutions 


Designation of Standard 

Composition 

j 

of Standard 

Final Volume 
of Solution, ml. 

Solution No. 

Concentration 
of Alkali (Ex- 
pressed as 

Na -O or K .O), 

p. p. m. 

| 

i 

CaCl* Stock 
Solution, ml. 

NaCl-KCl Stock 
Solution, ml, i 

1 

100 

200 

200 

2000 

2 

75 

100 

75 

1000 

3 

50 

100 

50 i 

1000 

4 

25 

100 

25 

| 1000 

5 

10 

100 

10 

! iooo 

6 

0 

100 

0 

1000 

7 

100 

0“ 

100 

1000 


“ rhe calcium-free solution is for use only in determining the correct positions of the wave 
length selector for maximum responses to Na 2 C) and K-O. 


Standard Solutions.— Prepare the standard solutions preset ihetl in 'I'ahle 20-2. 
The required volume of NaCl-KCl stock solutions shall he measuretl in calibrated 
pipets or burets and the CnCL stock solutions may be measured in a graduated 
cylinder. Each solution shall be placed in a volumetric flask, diluted to the volume 
indicated in Table 29-2 and mixed thoroughly. The solutions shall he stored in 
bottles of acid-resistant glass with ground-glass or rubber sioppeis. 


Calibration of Apparatus, (a) Warmup of Apparatus and Adjustment of 
Flame.— Turn on the electric current (Note 1). Adjust the air pressure to approxi- 
mately 10 pst. and the gas pressure to approximately 5 psi., and light the burner. 
Alter a few minutes, place the chimney in a vertical position, with its bottom ed-e 
centered and approximately M, to \\ in. below the top of the burner. The idit.st 
tlie air-gas ratio to give a faintly visible flame 5 to 6 in. high and with 14 in cones 
over the burner grid. These cones should be uniform, quiet, and of blue o 
greenish-blue color. Allow approximately 30 minutes after the current and iris 
are turned on for warmup of the system before using the apparatus. 
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Note 1.— Under humid conditions it is often advisable to leave the electrical circuit on 
continuously, although a chopper motor should be disconnected to avoid excessive wear. 
With the vibrator the whole system can be left on. This keeps the temperature slightly 
elevated to prevent moisture condensation. 

(b) Calibration Procedure.— (1) If the apparatus is equipped with cells for the 
determination of alkalies by the internal-standard method, set and leave the inter- 
nal-standard dial at zero. Turn the meter zero-adjustment knob until the panel 
rpeter reads zero. 

(2) Find the correct position on the wavelength dial for the element to be de- 
termined by pouring into the atomiser (Noth 2) some of the standard calcium- 
free solution (No. 7, Table 29-2) and moving the selector slowly back and forth 
on each side of the indicated wavelength for the element until the point for maxi- 
mum deflection of the meter is noted. Set the wavelength selector at this point. 
The coarse and fine gain controls are used to adjust the deflections to the range 
90 to 100. 

Non: 2.— The atomizer shall be rinsed with each solution prior to taking readings on 
that solution. 

(3) Pour the 100-p. p. m. standard calcium-alkali solution (No. 1) into live atomizer 
and adjust the coarse and fine gain controls until the meter reads 100. Then 
pour the standard alkali-free solution (No. 6) into the atomizer and turn the zero- 
adjustment knob until the meter reads zero. Repeat these two operations until no 
appreciable adjustment is necessary in going Irom one to the other. 

(4) Next, pour into the atomizer the 75-p. p. m. standard solution (No. 2) and note 
the meter reading. Check the zero reading with standard alkali-free solution 
(No. 6). Return to the 100-p. p. m. standard solution (No. I). These last two read- 
ings serve to evaluate the reading for the 75-p. p. m. solution. If they are within 
one scale division of zcio and 100, respectively, the meter reading obtained for the 
75-p. p. m. solution can be considered correct. If either the zero or 100-p. p. in- 
reading are not within one scale division of zero and 100, respectively, then the 
previously obtained meter reading for the 75-p. p. m. solution (No. 2) shall be re- 
jected. In the latter event, step (3) shall be repeated and another reading taken 
for the 75-p. p. m. solution. Only when the zero and 100-p. p. m. readings are in 
proper relation both before and after taking readings on an intermediate standard 
can the intermediate standard readings be taken as accurate. 

(5) In a similar manner, determine and record meter readings for the 50-, 25-, and 
10-p. p. m. standard solutions (Nos. 3, 4, and 5), comparing them with the zero and 
100-p. p. m. solutions as in step (4). 

(6) Plot calibration curves for each oxide using cross-section paper of such type 
that each divisoin on the ordinate represents a meter reading of one, and each 
division on the abscissa represents a concentration of 1 p. p. m. or 0.01% of alkali 
oxide (Notes 3 and 4). 

Note 3— Since the cement to be analyzed is made up with 1 g. of cement in 100 ml. of 
solution, 1 % of Na20 in the cement is equivalent to 1 part of N32O in 10,000 parts of the 
solution. One part in 10,000 is 100 p. p. ra.; lienee the 100-p. p. m. Na a O standard solution 
(which contains 0.01% Na 2 0 as NaCl) is equivalent, in the determination, to a cement 
containing 1.0% of Na 2 0. Likewise, the 10-p. p. m. standard solution is equivalent to a 
cement containing 0.1% of Na 2 0, and the other standard solutions fall in their equiv- 
alent positions. 

Note 4.— It is recommended that each laboratory using this method keep available two 
or more samples of cement whose Na 2 0 and K 2 0 contents have been carefully determined 
by standard gravimetric procedures. Analyses made on these samples will be of value as 
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a check on each new set of standard solutions and will serve to assure the operator of the 
proper functioning of the apparatus. 

Procedure. Solution of the Cemeut.-Place 1.000 g. of the cement in a 150- to 
250-ml. beaker and disperse with 10 to 25 ml. of water, using a swirling motion of 
the beaker. While still swirling, add 5 ml. of MCI (sp. gr. 1.18) all at once. Di- 
lute immediately to 50 ml. with water. Break up any lumps of cement remaining 
undispersed with a Hat-end stirring rod. Digest on a steam bath or hot plate for 
15 minutes and filter through a medium-texture paper into a calibrated 100-mi. 
volumetric flask. Wash the beaker and paper thoroughly with water. Cool the 
contents of the flask to room temperature, dilute to 10U ml., and mix the solution 
thoroughly. 

Determination of Na a O.--' Warm up the apparatus and adjust the llame as de- 
scribed under paragraph (a) of Calibration of Apparatus. Find the point of maxi- 
mum response to Na.jO on the wavelength scale by use of the standard calcium- 
free solution (No. 7) in the atomizer and set the wavelength selector at this point 
as described under paragraph (5), step (2) of Calibration of Apparatus. Then with 
alternate use of the standard alkali-free solution (No. 6) and the 100 p. p. m. stand- 
ard calcium-alkali solution (No. 1), set the zero-adjustment knob and coaise ami 
fine gain controls until the meter reading consistently changes from zero to 100 
as the alkali-free solution is replaced with the 100-p. p. m. solution. 

Following these adjustments, run cement solution through the atomizer and 
note its meter reading. Select the standard solution closest to the cement solution 
in Na.,0 content and observe its meter reading. This value should agree within 
one division on the meter scale with the value established during calibialion of 
the apparatus. If it does not. reset the meter needle to the original calibration 
point by use of the gain control. Also, if necessary, readjust the zero point with 
the standard alkali-free solution (No. 6) in the atomizer. Finally, alternate the 
use of the unknown solution ami the closest standard solution until readings for 
the unknown agree within one division on the meter scale, and readings for the 
standard similarly agree with the calibration point. Record the average of the 
last two meter readings obtained for the unknown solution. 

Determination of K..O.— Determine K..O as directed for Na..O in paragraph (b). 
except that the wavelength selector shall be set at the point of maximum response 
to JLO by use of the standard calcium-free solution (No. 7). 

Calculations and Report.— Using the recorded average of meter reading for Na..O 
and R.0 in the unknown sample, read the percentage of each oxide from its re- 
spective calibration curve. Report each oxide to the nearest 0.01%. 

DETERMINATION OF WATER-SOLUBLE ALKALI 
Refer to ASTM C1H-58, Section 23. 

DETERMINATION OF PHOSPHORUS PENTOXIDE 

Refer to ASTM Cl H-58, Section 2-1. 

DETERMINATION OF MANGANIC OXIDE 

Refer to ASTM Cl H-58, Section 26. 

DETERMINATION OF CHLOROFORM-SOLUBI F 
ORGANIC SUBSTANCES 
Refer to ASTM Cl H-58, Section 29. 
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DETERMINATION OF INSOLUBLE RESIDUE 

Procedure .— To 1 g. of the sample (Note 1) add 25 ml. of cold water. Disperse 
the cement in the water and, while swirling the mixture, quickly add 5 ml. of 
HC1. If necessary, warm the solution gently and grind the material with the flat- 
tened end of a glass rod for a few minutes until it is evident that decomposition 
of the cement is complete (Note 2). Dilute the solution to 50 ml. with hot water 
(near boiling) and heat the covered mixture rapidly to near boiling by means of 
a high-temperature hot plate. Then digest the covered mixture for 15 minutes at 
a temperature just below boiling (Note 3). Filter the solution into a 400-mi. 
beaker, wash the beaker, paper, and residue thoroughly with hot water, and re- 
serve the filtrate for the sulfur trioxide determination, if desired (Note 4). Trans- 
fer the filter paper and contents to the original beaker, add 100 ml. of hot (near 
boiling) NaOH solution (10 g. per liter) and digest at a temperature just below 
boiling for 15 minutes. During the digestion, occasionally stir the mixture and 
attempt to macerate the filter paper. Acidify the solution with HCI using methyl 
red as the indicator and add an excess of four or five drops of HCI. Filter and 
wash the residue at least 14 times with hot NH 4 N0 3 solution (20 g. per liter), 
making certain to wash tire entire filter paper and contents during each washing. 
Ignite the residue in a tared crucible at 900° to 1000°C.. cool in a desiccator, and 
weigh. 

This method or any other method designed for the estimation of acid-insoluble 
substance in any type of cement is empirical, because the amount obtained de- 
pends on the reagents and the time and temperature of digestion. If the amount 
is large, there may be a little variation in duplicate determination. The direc- 
tions should be followed closely in order to reduce the variation to a minimum, 
When the method is used on blended cement, the decomposition in acid is con- 
sidered to be complete when the portland cement clinker is decomposed com- 
pletely. An NH 4 N0 3 solution is used in the final washing to prevent finely 
ground insoluble material from passing through the filter paper. 

Note 1. — If sulfur trioxide is to be determined by turbidimetry (ASTM CI14-58, Sec- 
tion 44), it is permissible to determine the insoluble residue on a 0.5-g. sample. In this 
e\ent, the percentage of insoluble residue should be calculated to the nearest 0.01 by 
multiplying the weight of residue obtained by 200. However, the cement should not be 
rejected for failure to meet the insoluble tesidue requirement unless a I-g. sample has 
been used. 

Note 2.— If a sample of portland cement contains an appreciable amount of manganic 
oxide, there may be brown compounds of manganese which dissohe slowly in cold diluted 
HCI but rapidly in hot HCI in the specified strength. In all cases, dilute the solution as 
soon as decomposition is complete. 

Note 3.— In order to keep the solutions closer to the boiling temperature, it is recom- 
mended that these digestions be carried out on an electric hot plate rather than on a steam 
bath. 

Note 4.— Continue with the sulfur trioxide determination (as described on p. 1060, or 
by ASTM Cl 14-58. Section 16 or 44) by diluting to 250 or 200 ml. as lequired by the 
appropriate method. 

Blank.— Make a blank determination, following the same procedure and using 
the same amounts of reagents, and correct the results obtained in the analysis 
accordingly. 

Calculation.— Calculate the percentage of the insoluble residue to the nearest 
0.01 by multiplying the weight in grams of the residue (corrected for the blank) 
by 100. 



PORTLAND CEMENT 


10(39 


DETERMINATION OF FREE CALCIUM OXIDE in PORTLAND 

CEMENT AND CLINKER 

This method, which has been standardized by the A STM under designation 
Cl 1-1-58T covers a detailed procedure for the determination of free calcium oxu e 
in fresh portland cement clinker. When it is applied to Portland cement or aged 
clinker, the possibility of the presence of calcium hydroxide should be kept in 
mind, as this method does not differentiate between free calcium oxide (CaO) and 

free calcium hydroxide (Ca(OH).,). ... . 

This method is based on the solution of free calcium oxide in a hot solution 
of glycerol and alcohol and the subsequent titration of the dissolved lime with 
an alcoholic solution of ammonium acetate. 

Apparatus. Boiling Assembly.— It is recommended that all sections of the boil- 
ing assembly have standard-taper, interchangeable ground-glass joints, although 
connections with clean, tight-fitting rubber stoppers are permissible. I he flask 
used for boiling the sample ami solution shall be a flat-bottom, short-neck boiling 
flask or Erleumeyer flask of 200- or 250-ml. capacity. The reflux condenser shall 
have a length of at least 1100 mm. if water-cooled or 500 mm. if air-cooled. 

Buret.— A buret having a 10-mi. capacity and graduated in units of not mote 
than 0.05 ml. is required. A refilling type of semimicro buret with a 100-ml. reser- 
voir is recommended and the air entering the reservoir should pass through a pro- 
tective tube containing soda-asbestos (Ascarite). and anhydrous calcium sulfate 
(Drierite), or other suitable agents, for removal of carbon dioxide and moisture. 

Reagents .— It is essential that the reagents and subsequent solutions be protected 
from moisture and carbon dioxide. 

Ammonium Acetate.— Ammonium acetate usually is damp upon receipt or after 
laboratory storage and must be dried before use. Desiccation drying is recom- 
mended for a period of not less than two weeks, using anhydrous calcium sulfate 
(Drierite), or other drying agents of equal elliciency. If the ammonium acetate 
appears damp after this storage period, the presence of free acetic acid is noted, 
and a fresh supply of ammonium acetate must be used. 

Ammonium Acetate, Standard Solution (1 ml. ^ 0.005 g. CaO).— Prepare a 
standard solution of ammonium acetate (NH,C.,H ; ,0.,) by dissolving Hi g. of desic- 
cated ammonium acetate in 1 liter of ethanol in a dry, clean, stoppered bottle. 

Standardize this solution as follows: Ignite approximately 0.1 g, of calcium car- 
bonate (CaC0 3 ) or calcium oxalate (CaCLO.j) itt a platinum crucible at ‘)00 u to 
1000°C M cool the contents in a desiccator, and weigh to the nearest 0.0001 g. to 
constant weight. The weighings shall he performed quickly to prevent absorption 
of water and carbon dioxide (CO.,). Immediately transfer the CaO without grind- 
ing to a clean, dry, 200- or 250-ml. Erleumeyer flask and reweigh the empty crucible 
to determine the weight of CaO used to the nearest 0.000 1 g. Add to the lla.sk 00 
ml. of glycerol-ethanol solvent and a few glass beads to ensure vigorous boiling 
and complete agitation without bumping when heat is applied. Disperse the CaO 
in the solution by shaking the flask, and attach a reflux condenser. Boil the 
mixture. The ebullition should be positive but not so violent as to cause bump, 
mg or excessive evaporation. Then remove the condenser and immediately titrate 
die solution, while near boiling, with the standard ammonium acetate solution 
“ndenscr and boil the solution again. Repeat the titration at inter* 
r S ‘ bl ak< - the flask frequently between titrations to shorten the time miuircd 
°n th . e - n° l In gcucra1 ’ t,lc Oration intervals may be 20 minutes, but thev 
will cluefiy depend on the rapidity of the dissolution of CaO, ( Caution See 
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Note I.) The titration is complete when the pink color does not appear in the 
solution during continuous boiling for 1 hour (Note 2). If the end point is ac- 
curately determined, the solution will turn pink upon cooling, since the end 
point will not be the same for a hot and cold solution. This can serve as evidence 
that the end point has not been greatly exceeded. 

Calculate the CaO equivalent of the ammonium acetate solution in grams per 
milliliter by dividing the weight of CaO used by the volume of solution required. 

Note 1. Caution .—' The use of an open gas flame Tor boiling the sol\ cnt-sample mix- 
ture presents a file hazard and therefore is not recommended. 

Note 2.— Titrations should be conducted at 5-minutc intervals for the first 20 minutes 
to present the formation of crystals (probably calcium glyceride) which dissolve slouly 
and increase the time required for the completion of the titration. Thereafter, the color 
of the solution should be used as a guide for the titration interval. 

Ethanol.— Absolute ethanol is preferred but may be replaced by anhydtous eth- 
anol denatured according to Formula No. 3a or 2b of the U. S. Bureau of In- 
ternal Revenue. The Formula 3a alcohol is 95% ethanol and 5% methanol, and 
the Formula No. 2b alcohol is 99.5% ethanol and 0.5% benzol. 

Glycerol.— Water, although usually included by the manufacturer in the list of 
impurities on the label, is almost always present in glycerol. To ensure that the 
water content is under 5%, the specific gravity at 25/25°C. should be determined 
by means of a pycnometer and should be not less than 1.249. 

Glycerol -Ethanol Neutral Solvent.— Prepare a solution consisting of 1 volume 
of glycerol and 5 volumes of ethanol. To a clean and thoroughly dried 2YA- 
reagent bottle, add 1.0 pound of glycerol (360 ml.) and 1800 ml. of ethanol, using 
the ethanol as a rinse for the glycerol to ensure its complete transfer. To this mix- 
ture add 0.18 g. of phenolphthalcin. Immediately stopper the bottle and warm 
slightly on a surface that is less than 120°C. Localized heating shall be prevented 
by frequent agitation, until the indicator is completely dissolved and thoroughly 
mixed. 

The solvent mixture should be slightly alkaline, as indicated by a faint pink 
color when cooled to room tempeiaturc. If the mixture is colorless, add grad- 
ually a Ireslily prepared solution of sodium hydroxide (NaOH) in ethanol until 
a faint pink color is formed. An approved neutral point is reached when the 
faint pink color of 60 ml. of the solvent mixture disappears on boiling or can 
be dispelled by not more than 0.02 ml. (approximately one drop) of ammonium 
acetate solution (1 ml. = 0.005 g. CaO) (Note 3). If the color of the fresh solvent 
mixture is strong pink when cooled to room temperature, dispel the color by the 
addition of small increments of ammonium acetate solution until the faint pink 
color specified above is attained. If the solvent mixture becomes acid on stand- 
ing, as indicated by the disappearance of the faint pink color, the alkalinity shall 
be readjusted to a faint pink color by the gradual addition of a freshly prepared 
solution of NaOH in ethanol. 

Note 3.— The error resulting from an excess alkalinity equivalent to 0.02 ml. of am- 
monium acetate solution is only 0.01% of free CaO and may be disregarded, 

Procedure .— Grind about 1.2 g. of the sample in an agate mortar for 5 minutes 
(Note 1). Weigh 1.000 g. of die finely ground sample into a clean, dry, 200- or 
250-ml. Erlenmeyer fiask, add 60 ml. of the glycerol-ethanol solvent and a few 
glass beads, and agitate to disperse die sample. Attadi a reflux condenser an 
boil die solution in the flask on a hot plate or other suitable source of heat 
(Caution, see Note 1, above). Vigorous boiling is more essential with cement 
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than with the pure CaO used in standardizing the acetate solution and should 
be conducted so as not to necessitate shaking of the flask. 

Note 1.— Thorough grinding of the sample is essential for piopcr exposure of the free 
lime grains that often are occluded in cnstals of tiicalcium silicate in the cement. How- 
ever, exposure, of the sample to the air must be kept at a minimum to prevent carbo- 
nation of the free lime. In particular, direct breathing into the sample must be avoided. 
The sample should be sufficiently fine to easily pass a No. 200 (7-1 micron) sieve, hut actual 
sieving is not recommended. If the sample is not to be immediately tested, it nuM be kept 
in an airtight container to avoid unnecessary cxposuie to the aimospheie. 

Remove the condenser, and immediately titrate the solution (Noth 2), while 
near boiling, with ammonium acetate solution (1 ml. ~ 0.005 g. CaO). A slight 
pink color should remain after all but the final titration, since excess acetate solu- 
tion reacts with the calcium aluminate and silicates present in the sample. 

Note 2.— If it is necessary to leave the determination uncompleted, remove the Had; 
from the condenser, titrate to a faint pink color, and stopper the flask tightly. When re- 
suming the determination, boil the mixture befote continuing the titration. 

Attach the condenser, return the flask to the hot plate, and boil as before. 

Repeat the titration and boiling cycles at periodic intervals, whenever the solu- 
tion turns deeply pink or red. depending upon the speed of the solution of the 
free CaO. Titrations may he as frequent as 5 minutes, but should never exceed 
20 minutes in the early stages. Continue titrations until the faint pink color 
from the previous titration does not deepen and the percentage of free CaO of 
the sample does not increase by more than 0.05 upon its discharge with the ace- 
tate solution after 2 hours of boiling. A strong daylight lamp with a reflector 
may be used as an aid in the discernment of the end point by matching the con- 
tents of the flask with similar contents in another flask that contains an excess of 
ammonium acetate. 

Calculations.— Calculate the percentage of free CaO to the nearest 0.1 as follows: 

Free CaO, % = HV X 100 

where E = CaO equivalent of the ammonium acetate solution in grams per milliliter 
V = milliliters of ammonium acetate solution required by the sample 

Precision.— Duplicate determinations by this method should agree within 0.20. 
The maximum permissible variation between the extreme values in triplicate de- 
terminations should be less than 0.50. 


OPTIONAL METHODS 

The optional methods described in the following sections are provided for those 
who wish to use procedures shorter or more convenient than the preceding ones 
tor the routine determination of certain components, in case of dispute, results 
must be obtained in accordance with the referee methods described above, and 
these results shall govern. 

DETERMINATION OF SILICON DIOXIDE 
(OPTIONAL METHOD) 

a fnmf d r r T MiX ChOI T UghI >' °‘ 5 S' of the sara ple and about 0.5 g. of NH.C1 in 
a 50-ml beaker co.er the beaker with a watch glass, and add cauSously 5 ml o 

HC ’ alIow ‘"S “ r«n down the lip of die covered beaker Aftm tim 
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chemical action has subsided, lift the cover, add one or two drops of HN0 3 , stir 
the mixture with a glass rod, replace the cover, and set the beaker on a water 
bath for 30 minutes (Note 1). During this time of digestion, stir the contents 
occasionally and break up any remaining lumps to facilitate the complete decom- 
position of the cement. Fit a medium-texture filter paper to a funnel, transfer 
the jelly-like mass of silicic acid to the filter as completely as possible without dilu- 
tion, and allow the solution to drain through. Scrub the beaker with a rubber 
policeman and rinse the beaker and policeman. Wash the filter two or three 
times with hot HC1 (1:99) and then with ten or twelve small portions of hot 
water, allowing each portion to drain through completely. Reserve the filtrate 
and washings for the determination of the ammonium hydroxide group (Note 2). 

Note 1.— A hot plate may be used instead of a water bath if the heat is so regulated 
as to approximate that of a water bath. 

Note 2.— Determine the ammonium hydroxide group by the procedure described under 
Determination of the Ammonium Hydroxide Group. Reserve the combined filtrates for 
the determination of CaO by either the referee or optional method. 

Transfer the filter paper and residue to a weighed platinum crucible, dry, and 
ignite, at first slowly until the carbon of the paper is completely consumed with- 
out inflaming, and finally at 1050® to 1100°C. for 1 hour. Weigh the residue as 
SiO a (Note 3). 

Note 3.— If there is any doubt about the percentage of SiO> meeting a specification re- 
quirement, the amount of impurities in the residue may be "ascertained by treating the 
Si0 2 with HF and H 2 S0 4 as directed under the referee method for silicon dioxide deter- 
mination, p. 1055. However, the cement shall not be rejected for a low Si0 3 content 
unless the determination is made according to the referee method. 

Blank.— Make a blank determination, following the same procedure and using 
the same amounts of reagents, and correct the results obtained in the analysis ac- 
cordingly. 

Calculation.— Calculate the percentage of Si0 2 to the nearest 0.1 by multiplying 
the weight in grams of Si0 2 by 200 [100 divided by the weight of the sample used 
(0.5 g.)]. 

DETERMINATION OF CALCIUM OXIDE (OPTIONAL METHOD) 

Reagents . Standard Potassium Permanganate Solution, 0.18 N .— Prepare a solu- 
tion of KMn0 4 on the basis of 5.64 g. per 1. The solution should not be filtered 
through any filter containing organic matter. It is most convenient to siphon off 
clear solution without disturbing the sediment on the bottom of the bottle. Stand- 
ardize the solution against 0.7500 g. of sodium oxalate oxidimetric standard furn- 
ished by the National Bureau of Standards (standard sample No. 40) according to 
the directions furnished with the sodium oxalate. If the buret reading is 62.77 ml., 
the solution contains 0.0056357 g. of KMn0 4 per milliliter, which is equivalent 
to exactly 0.005 g. of CaO. Because of impurities and deterioration, the reading 
in the standardization is usually not 62.77 ml. Calculate the CaO equivalent of 
die solution in grams per milliliter as follows: 

„ 0.31385 

E ~ V 

where E = CaO equivalent of the KMn0 4 solution in grams per milliliter 
V = milliliters of KMn0 4 solution required by G.7500 g. of Na 2 Ca0 4 
0.31385 = 62.77 multiplied by 0.005 
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Nonc.-The solution is intended to be equivalent to 0.005 g. of CaO pet uulbliur. 01 
]o; CaO in a 0.5-g. sample for each milliliter. The munbets 0.00:>(>3:>/ and ,n ‘ “'i: 
tamed as follows: 0.005 g. of CaO multiplied by the molecular ratio of M KMnO ( to .»CaO 
elves 0.0056357 g. of KMnO.,; 0.75 g. of Na.CbO, nnduphed by the ' ll< ;'7 ) ' 1 . l ;. ,1 l A a i l r 1 , 1 !,, 
2KMnO.| to 5Na^C 2 Oj gives 0.55375 g. of K.\inO.|; 0.3:»3/u g. divided bv O.UlbfiJa/ g- pci 

nil. gives 02.77 ml. 


Procedure . (See Noth 1 of this section ami Non: 2, p. 1072).— Acidify the com- 
bined filtrates obtained in the determination of the ammonium hydroxide group 
(p. 1056) and, if necessary, evaporate to a volume of about 200 ml. Add 5 ml. of 
HC1, a few drops of methyl reel indicator, and 30 ml. of warm ammonium oxalate 
solution (50 g. per 1.). Heat the solution to 70“ to 80“C.. and add NIf ,OH (1:1) 
dropwise. while stirring, until the color changes from ted to yellow. Allow the 
solution to stand without further heating for 1 hour (no longer), with occasional 
stirring during the first 30 minutes. Filter and wash the precipitate eight to ten 
times with hot water. The total amount of water used in rinsing the beaker and 
washing the precipitate should not exceed 75 ml. Reserve the filtrate for the de- 
termination of MgO. Carefully open the filler paper and wash the precipitate 
into the beaker in which the precipitation was effected. Dilute to 201) ml., and 
add 10 ml. of H._,SO, (1:1). Meat the solution to a temperature just below boil- 
ing, and titrate with the standard KMnO, solution (Non: 2) to a permanent pink 
color. Add the filter paper and macerate it. Continue the titration slowly until 
the pink color persists for 10 seconds. 


Non: 1.— If tlieie is a possibility of there being enough manganese to cause the parent- 
age of MgO, as determined by the following section, to exceed a specified limit, manganese 
may be eliminated from the filtrate before applying the optional method for CaO. Al- 
though the elimination may be made as dhected on p. 105S, the cement shall not lie ie- 
jeeted for exceeding a limit specified for MgO unless the detei initiation of MgO is made 
according to the referee method. 


Note 2.— The teinpeiatme of the standard KMnO, solution should not van fiom its 
standardization teinpeiatme so much as to cause a seiious error in the determination of 
CaO. At ordinary room temperatures the volume of pure water changes to the extent 
of 0.01 to 0.01% for each degree Centigrade, depending on the temperattne. 

Blank.— Make a blank determination, following the same procedure ami using 
the same amounts of reagents (Non: 3), and correct the results obtained in the 
analysis accordingly. 


Note 3.- When the amount of calcium oxalate is vets small, its oxidation in KMnO, 
is slow to start. Before the titration, add a little MnSC), to the solution to caialwc the 
reaction. 1 


Calculation.— Calculate the percentage of CaO to the nearest 0.1 as follows: 


CaO, % = EV X 200 

where E = CaO equivalent of the KMnO, solution in grams per milliliter 
V = milliliters of KMnO, solution required by the sample 
200 = 100 divided by the weight of sample used (0.5 g.) 


DETERMINATION OF MAGNESIUM OXIDE. OPTIONAL 
METHOD A (RAPID GRAVIMETRIC DETERMINATION) 

ro °"' - '»** » »>■ or or 
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NH 4 OH. Stir the solution vigorously during the addition of NH 4 OH and tlien 
for 10 to 15 minutes longer. Let the solution stand for at least 8 hours in a cool 
atmosphere and filter. Wash the residue five or six times with NH 4 OH (1:20) 
and ignite in a tared platinum or porcelain crucible, at first slowly until the filter 
paper is charred and then burned off, and finally at 1050° to 110Q 8 C. for 30 to -15 
minutes. Weigh the residue as Mg 2 P. 2 0 7 . 

Blank.— Make a blank determination, following the same procedure and using 
die same amounts of reagents, and correct the results obtained in the analysis ac- 
cordingly. 

Calculation.— Calculate the percentage of MgO to the nearest 0.1 as follows: 

MgO, % = W X 72.4 

where W = grams of Mg 2 PaOj 

72.4 = molecular ratio of 2MgO to Mg2PzO7(0.3620) divided by the weight of 
sample used (0.5 g.) and multipled by 1 00 

RAPID METHOD FOR THE DETERMINATION OF CARBONATES 
IN RAW MATERIALS 

Procedure.— Weigh out 0.500 g. of very finely ground sample into a 500-nil. 
Erlenmcyer flask. Add 60 ml. of 0.200 N hydrochloric acid and boil for about 5 
minutes, using a reflux condenser to prevent the loss of acid. Wash the con- 
denser down and cool the flask in a stream of cold water. Add a few drops of 
0.5% phenolphthalcin indicator and titrate with 0.200 N sodium hydroxide solu- 
tion to the first pink coloration which may be momentary. Shake the flask vigor- 
ously during the titration and add the last portion of the alkali dropwisc. Add 
x ml. excess of sodium hydroxide. If the content of magnesium is high and the 
red color fades rapidly, it may be necessary to add the excess alkali in several small 
amounts with boiling between additions until a permanent red color is obtained. 
Sec below in regard to the required amount of x. Call the total volume of sodium 
hydroxide s. Transfer the contents of the flask to a 200-nil. test tube, add the 
rinsings, and bring the volume to 100 ml. Heat the mixture to boiling and then 
allow it to stand until the precipitated magnesium hydroxide settles. H the pre- 
cipitate is large, it may be necessary to filter it on a dry filter paper. Draw 50 
ml. of the clear solution with a pipet. Put it in the original flask and titrate with 
the standard hydrochloric acid to the disappearance of the red color. Call the 
volume of acid used in this back titration h. 

On the assumption that all the calcium and magnesium in the sample exist as 
carbonates, values are calculated thus: 

Percent MgCOj = 1.68(* - 2 h) 

Per cent CaCOa = 2.0(60 -f 2A - s) 

This assumption is generally applicable to high-grade limestones. frequently 
raw materials used in cement manufacture contain insoluble compounds of cal- 
cium ami magnesium and sometimes other interfering substances. In order to use 
this method on such material it may be necessary to establish correction factors by 
comparison of results obtained by this method and actual values in a series of 
reference samples of known composition. 

If the content of magnesia is much lower titan specification limits, the dc* 
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n-mi nation may be omitted. It is important that the titration with sodium hy* 
roxide from which the equivalent calcium carbonate is calculated be stopped at 
:\e first pink coloration. When magnesium carbonate is determined, its content 
ecides the amount of excess sodium hydroxide (.v) to be used. It should be such 
s to make (/i) equal to 0.2 to 0.5 ml. If insufficient sodium hydroxide is used, 
la-nesium may not be completely precipitated. If too much is used, calcium 
lay be partially precipitated with magnesium hydroxide. 

Note.— This method lias been in genet at use lor main seats and, although it is not 
onsidered as possessing gical accmacs, i( lias been useful for control pm poses. (Fit 'l 
mblislied in Cement and Engineering News. March 11)03, p. 35.) 


ANALYSIS OF RAW MATERIALS 


Raw materials used in the manufacture of portlatid cement range from high 
alcium limestones through argillaceous limestones to clays and shales. Slags, vari- 
es metamorphic, and even igneous rocks are sometimes used. Supplementary 
naterials include iron ores, quart/ite and kaolin. Gypsum is interground with 
linker to produce the finished product. 

Decomposition of Sample.— A satisfactory method of decomposing a cement raw 
Material is to sinter the material at a temperature ol about 1300 J C. 

In order to make a suitable sinter it is necessary to have a CaO/.SiO., -j- ALO a -f- 
fe,0. t (lime ratio) of about two or greater. In the event the lime ratio is much 
ess than two, the mixture is liable to fuse and suc.Ii a fusion is very difficult to 
remove from the crucible and dissolves slowly. To overcome this difficulty suffi- 
cient chemically pure calcium carbonate is added to produce a lime ratio of two 
ar more. The exact weight of added calcium carbonate is ne cessary only when a 
determination of calcium is required. With some of the silicate rocks it may be 
necessary to reduce the sample weight to about 0.2 g. and add 0,8 to 1.0 g. of 
chemically pure calcium carbonate. 

The accuracy of the method will be increased by the use of blank determina- 
tions. Where calcium carbonate is added, an equal amount is also used iri the 
blank. 


It is convenient to make a sinter in a platinum crucible at a final temperature 
ol about 13()0°C. It is important to note that the temperature should be started 
at about S50°C. and increased slowly to ‘>50 c C. (5 minutes), then rapidlv to about 
1300°C. to complete the sinter. The carbonates contained in the mixtures re- 
lease carbon dioxide within the above temperature range. If the increase in tem- 
perature is too rapid, mechanical loss of sample may result. 

The classic method which uses sodium carbonate for the decomposition of sili- 
cate rocks is time consuming and difficult. If accurate determinations are re- 
quired, it is necessary to employ double evaporations and precipitations in order 
to avoid contamination by the large amount of sodium used in the decomposition. 

bohtwn of Sample.— A sinter, if properly made, is easily removed from the* 
ci ticible, and any material that adheres to the crucible may be removed with i 
•unlZT, ° f hydrochloric acid The sinter may then be dissolved in add and 

S o f fn 7 I m - U ?L f ° r P° rlla, f ,d cc,uc,u - *f ammonium chloride 
method f°i determination of SiCX. is used, transfer the sinter to a 50-ml be tker 

Sr a; ,U,lg a, r U °- 5 - NH « C! cover with a watch glass. Measure 5 ml of 

war nTf’ 8 "' a 1 ? radu:,te ' Add about 1 ml of the acid to the crucible and 

‘ lf necessar y to dissolve remnants of sinter from the crucible. Dunn- this 
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period cautiously add about 2 ml. of the acid to the beaker containing the sinter 
and allow to stand until chemical action has subsided. Transfer the acid and dis- 
solved material from the crucible to the beaker. Rinse the crucible with the re- 
maining acid, using about 1-ml. portions. The total acid used should be 5 ml. 
Add two drops of HNO s , stir the mixture, and break up any lumps with a glass 
rod until the sinter is decomposed. 

Determination of Substances Present .— Analyze the solution obtained above by 
the methods described, starting with Section 33 of ASTM Cl 14-58 (optional meth- 
ods described above) except for iron determination. Iron may be determined by 
fusing R 2 O i{ precipitate with K 2 S,0 7 , cooling, and dissolving the fused mass and 
titrating with standard K 2 Cr 2 0 7 . In case greater accuracy is desired, a separate 
sinter containing 0.5 to 1.0 g. of sample and five times its weight of iron-free 
CaCO ;1 is prepared. The sinter is then dissolved in hydrochloric acid, the silica 
removed by evaporation, and the ammonium hydroxide group precipitated with 
ammonia. The ammonium hydroxide group is then dissolved in HC1, reduced 
with stannous chloride, and finally titrated with standard potassium dichromate. 

DETERMINATION OF SODIUM AND POTASSIUM OXIDE 
IN RAW MATERIALS 

Decomposition of Sample .— Weigh from 0.2000 g. to 1.000 g. of sample, depend- 
ing on the alkali content of the material to be analyzed. Transfer to a platinum 
dish, add 5 ml. cool water. Stir the mixture with a platinum rod, add 5 ml. HN0 3 
(1:1), and continue the stirring until chemical action subsides. Add 5 ml. HCJ0 4 
and 12.5 ml. HF and mix thoroughly with the rod (Note 1). Remove the rod 
and rinse with water. Evaporate the solution to dryness or fumes of HC10 4 
(Note 2). Cool the dish, wash down sides with water and repeat the evaporation. 
Drive olf excess HC10 4 by increasing the temperature, but maintaining a tempera- 
ture less than red heat. Cover the dish with a watch glass of heat-resistant glass, 
and convert the perchlorates to chlorides by using stronger heat but still avoiding 
red heat. The residue fuses to a brown mass and may glow from an exothermic 
reaction. After the lc.iction is complete, continue the heating for 1 to 2 minutes 
below ved IvtM.. Coal d\e dvd\ v«\vd dvi vr&tdi ^laxs into a 

beaker. Add a little water to the dish, let the residue stand a few minutes to 
soften, and grind it with a glass rod or pestle to a smooth paste. Wash the con- 
tents into the beaker and dilute to 40 to 50 ml. The alkalies may then be ex- 
tracted by leaching residue with hot water, and filter with the aid of suction- 

From this point the alkalies may be determined gravimctrically by cither ASTM 
Cl 14-58, Sections 21 and 22, Sections 45, 46, oi by flame photometer, ASTM 
C114-58T, Sections 15 through 18, p. 1063. 

Note 1. WARNING.— If the material is known to contain, or suspected of containing, 
organic matter, destioy by sptcading the sample in a thin la)cr in the platinum disti 
and igniting at G00° to 700°C for approximately 10 minutes. 

Noth 2.— The evapotation must be clone cjicfully as the contents have a tendency to 
spatter if the heat is too gicai. Iniiaicd icdcclor lamps, piopcily adjusted, i»a> be usci 
successful!). 



Chapter 30 


CHEMICAL ANALYSIS IN CLINICAL 
MEDICINE 

By A. Wendell Musser and Ralph B. Lingeman 

Clinical Laboratories 
Indiana University Medical Center 
Indianapolis, Ind. 


Introduction.— Many investigators have need of standard clinical laboratory 
methods for analysis of body materials, such as blood, urine, spinal fluid, and 
feces. The medical literature, as well as the chemical literature, contains infor- 
mation concerning multiple procedures and modifications of standard procedures. 
In this chapter we will present a few of the simple standard procedures that may 
be performed in the usual clinical laboratory. No attempt has been made to be 
completely inclusive. Certain procedures and modifications have been omitted for 
the sake of brevity. 

The procedures are arranged in rough alphabetical order, according to the 
major constituent sought. Most of the procedures listed have been used in the 
clinical laboratory of Indiana University Medical Center for the diagnosis and 
treatment of patients; however, a few have been obtained by careful search of the 
literature. We have attempted to choose the simplest and most accurate method 
applicable to the routine clinical laboratory. 


AMINO ACIDS 

(Whole Blood, Serum, Plasma, or Urine) 

Reagents. Sodium /3-Naphthoquinone-4-Sulfonate, 0.5%.— Dissolve 500 mg. in 
100 ml. of water, add approximately 2 g. of activated charcoal and filter. This 
should be a pale yellow. 

Acetic Acid-Acetate Bufter.-Mix 100 ml. of 50% acetic acid (50 ml. of glacial 
acetic acid plus 50 ml. of distilled water) with 100 ml. of 5% sodium acetate (5 g of 
the trihydrate to 100 ml. with distilled water). ' 5 ‘ 

Standard (10 mg. per 100 ml. Amino Acid N).-Make up 187.8 mg. of proline 

and 112.8 mg. of glycine to 1 liter with 0.1 N HC1, containing 2 g. of benzoic 
acid. ° 

Tungstic Acid.— Equal volumes of 0.15 N H 2 SO„ and 2.2% sodium tungstate 
are mixed on the day of the test. 8 c 

Procedure. Whole Blood, Plasma, and Serum.-Wash 0.05 ml. o£ whole blood 
plasma, or serum into 0.2 ml. o£ water. Add 1.0 ml. of tungstic acid. Mix and 
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centrifuge at 2000 r.p.m. To a 1-ml. aliquot, in a tube with a mark at 2 ml., add 
one small drop of 0.1% phenolphthalein solution followed by 0.05 ml. of 0.5 N 
NaOH. The solution should be a definite pink. If necessary, add additional NaOH 
dropwise until pink. Now add 0.25 ml. of 2% borax solution. Mix. The pH 
should be approximately 9.3. Now add 0.1 ml. of the sodium /3-naphthoquinone-4- 
sulfonate solution. Mix well, heat 10 minutes at I00°C. Cool' to room tempera- 
ture. Add 0.25 ml. of acetic acid-acetate buffer followed by 0.25 ml. of 4% sodium 
thiosulfate solution. Make up to 2 ml. (pH of final solution 4-5). Read the 
color at 480 in the Beckman spectrophotometer, at 470 m/i in the Coleman 
spectrophotometer, or with the 47 filter for the Klett Sumraerson colorimeter. 

The blank comprises a 1-ml. aliquot taken from a mix of 0.2 ml. of water and 
1 ml. of tungstic acid, treated as the unknown aliquot; 0.05 ml. of the 10 mg. per 
100 ml. amino acid nitrogen standard is used for the standard, and treated as for 
the unknown, adding to 0.2 ml. of water, 1 ml. of tungstic acid, etc. 

Calculation.— 


Absorbance of unknown 
Absorbance of standard 


X 10 = mg. amino acid N per 100 ml. 


Note.— S odium £-naphthoquinone-4-su)fonate will slowly decompose even in the dry 
state. Thus, the reagent may appear pink when made up. Filtering with charcoal re- 
moves the red color. The reagent is then stable in the refrigerator for weeks. The colors 
of the reaction will tend to fade after one-half houy and should be read before that time. 

Urine.— For urine add 9 ml. of tungstic acid to 1 ml. of urine. Mix, filter or 
centrifuge and evaporate a portion of the filtrate to one-half its volume. This is 
done to hydrolyze the amides which are present in urine. Take a 0.5-ml. aliquot 
and dilute to 1 ml. with water. Proceed as for the blood aliquot. One milliliter 
of water is used as the blank aliquot; for the standard dilute 0.1 ml. to I ml. and 
proceed as for die blood aliquot. Calculations are die same as for blood. Certain 
therapeutic agents, such as the sulfa drugs, containing an amino group attached 
to a benzene ring will lend to interfere in this test. 

Notf— Normal amino acid niuogen values are of the older of 4.5 mg. per 100 nil. for 
plasma, 5.5 mg. per 100 ml. for whole blood, and 2 mg. per 100 ml. for spinal fluid; 24- 
hour urine samples contain approximately 100 mg. of free amino acids. 


AMMONIA 

(Serum or Plasma) 

Reagents. Indicating Boric Acid.— Add 10 g. of boric acid to 100 ml. of water. 
Add 1 ml. of 0.1% mediyl red (100 mg. to 100 ml. in ethanol) and 8 ml. of 0.1% 
bromcresol green (100 mg. to 100 ml. in ethanol). Dilute to 1000 ml. and shake 
until dissolved. 

Ammonium Standard (I fig. N per 100 ml.).— Dissolve 236 mg. of (NH 4 ) 2 SOi 
( dried in a desiccator) and make up to 500 ml. with water. This solution con- 
tains 100 fig. N per ml. Take 1 ml. of this solution and make up to 100 ml. to 
make the 1 fig. N per ml. solution. 

Procedure .— Into the outer chamber of a Conway diffusion dish is placed 1 ro - 
of serum, or whole blood, in one pool. One milliliter of indicating boric acid is 
placed in the central compartment. • Lifting the cover, 1 ml. of 45% potassium 
carbonate solution is placed in the outer chamber on die opposite side of die di i 
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from ihe pool of serum or blood. The cover is replaced, and the potassium car- 
bonate solution is mixed with the serum by rotating the dish on a flat surface 
Diffusion is allowed to take place for 20 minutes. The cover is removed. A small 
stirring bar is placed in the center compartment, and the dish is placed o n a mag- 
netic stirrer. The solution is titrated rapidly with an ultramicro buret with 0.001 N 

HCl solution. . . , , , , . 

Calculations.— A 0.1-ml. titration (100 divisions) is equivalent to 1.4 ^g. of ni- 
trogen (140 /ig. per 100 ml. of ammonia nitrogen or 170 fig. per 100 ml. of am- 
monia, when 1 ml. of serum is taken). A blank using 1 ml. of water instead of 
serum is run, and 1 ml. of a standard (1 fig. N per ml.) is also analyzed. Titration 
of the blank is subtracted from the titration of the unknown and standard before 
calculation. 

Titration of unknown . xt .. inn 

. — - — X 100 = fig. ammonia N per 100 mi. 

Titration of standard 


Micrograms ammonia N per 100 ml. X — = Mg- ammonia per 100 ml. 

Note— In the procedure the serum or plasma is made alkaline, the ammonia is allowed 
to diffuse into the acid and estimated as above. Since 93% of the NH 3 will diffuse in 20 
minutes, this time is used to avoid hydrolysis of ammonia-containing compounds with 
liberation of free ammonia. Some recommend a diffusion time of only 10 minutes. Twenty 
minutes is chosen because studies show this to be an optimum time to get over the maxi- 
mum amount of ammonia with the minimum amount of hydrolysis. Titration must be 
rapid to obtain a sharp end point. COo from the air will interfere in the titration if done 
slowly. It is recommended that a hole 1 cm. in diameter be drilled in the cover and that 
this he covered with a coverslip during diffusion. The coverslip only is removed when 
titrating. The stirrer is a length of paper clip wire (2 cm.) encased in a close fitting melt- 
ing-point tube sealed at both ends. A length of polyethylene tubing instead of the glass 
is also satisfactory. 

Note— Normal blood ammonia nitrogen values range from 50 to 70 fx g. per 100 ml. by 
this method. For cerebrospinal fluid the values range from 0 to 15 jug- per 100 ml. of 
ammonia nitrogen. 


AMYLASE (DIASTASE) 


(Serum, Urine, and Duodenal Contents) 

Reagents. Starch Solution.— Weigh 1.5 g. of soluble starch into a small beaker. 
Add about 20 ml. of distilled water and prepare a paste. Add 50 ml. of distilled 
water to a small beaker, bring to boil and slowly add the starch paste with constant 
stirring. This should result in a clear solution; if not, discard and repeat the 
procedure. Cool and place in a 100-ml. graduate. Adjust volume to 70.0 ml. with 
distilled water. Add 30 ml. of 0.066 M phosphate buffer at a pH of 6.8. Final 
'° unie e fltials 100 ml. Autoclave for exactly 15 minutes at a pressure of 10 
pounds. Use vaccine bottle with rubber stopper. ( Caution : Insert 20-gauge 
new e in stopper when autoclaving. Take pressure up slowly and after the auto- 
claving period, release pressure slowly.) 

Sodium Chloride, Acid l%.-To a liter volumetric flask add 10 g. of sodium 
distilled water n 1 grade ’ ^ 3 ™ L ° f °' 1 N HC1; then diIute to th e mark with 


Procedure. Serum Amylase.— Label three clean 15.0-ml. centrifuge tubes as fol- 
lows: number 1 (test); number 2 (starch control); and number 3 (serum control). 
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When doing more than one determination only one starch control tube need be 
prepaied. To each of the tubes, add the following reagents in the order pre- 
scribed (see tabulation below). Remove sufficient starch solution for all the tubes 
from the sterile vaccine bottle using a sterile needle and syringe. Place the starch 
in a tube and then pipet the exact amount to each centrifuge tube. 


Tube Number 1 

1 . 5 ml. starch 

2. 2 ml. acid chloride 

3. Incubate in water bath 
at 37°C. for 5 minutes 

4. 1 ml serum 

5. Incubate in water bath 
at 37 °C. for 30 minutes 

6. 1 ml. CuS0 4l 5% 

7. 1 ml. Na 2 WQ 4 , 10% 


Tube Number 2 
5 ml. starch 
2 ml. acid chloride 
Incubate in water bath 
at 37°C. for 5 minutes 
1 ml. distilled water 
Incubate in water bath 
at 37 °C. for 30 minutes 
1 ml. CuS0 4 , 5% 

1 ml. Na 2 W0 4 , 10% 


Tube Number 3 
5 ml. distilled water 
2 ml. acid chloride 
Incubate in water bath 
at 37 °G. for 5 minutes 
1 ml. serum (Control) 
Incubate in water bath 
at 37 °C. for 30 minutes 
1 ml. CuS0 4) 5% 

1 ml. Na 2 W0 4 , 10% 


Stopper and mix thoroughly. Centrifuge for about 10 minutes at high speed 
(approximately 2000 r.p.m.). Disregard turbidity in tube number 2 after centri- 
fuging. Determine reducing substance content of each supernatant fluid by the 
Somogyi-Nelson method for blood glucose, p. 1094, with the following exception: 
use only I ml. of the supernatant fluid plus I ml. of distilled water to give a total 
volume of 2 ml. If turbidity exists after the final color development in the Somogyi- 
Nelson glucose method, centrifuge before reading in the spectiophotometer. 

Calculations.— Subtract total value in mg.% (milligrams per 100 ml.) of tubes 
number 2 and number 3 from tube number 1. This figure represents units of 
amylase, and can be reported as mg.% reducing substance or as units. Starch 
control should show minimal reducing substance, approximately 60 mg.% or less. 

Urinary Amylase Method.— Test urine for glucose using Clinitest (Ames Labora- 
tories). Adjust the pH of an aliquot of urine (25 to 50 ml.) to 6.8 to 7.2 by adding 
20% sodium carbonate to alhalinizc or 10% potassium acid phosphate to acidify (use 
nitrazine paper as an indicator). If Clinitest is 2 plus or above, make a 1 to 2 dilu- 
tion using normal saline. (Be sure to include this in the calculation.) Set up starch 
incubation and proceed as for serum amylase. Calculations are made as for serum 
method. 

Duodenal Contents.— A 1:50 and 1:1000 dilution of the duodenal material is 
made as follows: (a) 1 ml. of duodenal contents is made up to 50 ml. by adding 
10 ml. of buffer pH 7.2 and distilled water; (6) add 0.5 ml. of the 1:50 diluted 
sample to 9.5 ml. buffer to give a 1:1000 dilution. Proceed as for the serum 
amylase determination. 

Note.— N ormal values: £0 to 150 mg. reducing substance per 100 ini. of serum. This 
method of am) lase deter ruination is based on a modification o( Somogy i’s method of serum 
amylase deter ruination. 1 he detection of the amount of reducing substances released 
the action of the amylase on the starch is by the use of the Somogyi-Nelson method of blood 
sugar determination 


ASCORBIC ACID 
(Whole Blood) 

Reagents. Indophenol Reagent.— Add approximately 10 mg. of 2,6-dichloro* 
phenol-indophenol (sodium salt) to 100 ml. of distilled water. This need not be 
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weighed. After weighing one sample, subsequent samples may be roughly esti- 
mated on a knife tip. Make up fresh before using. 

Ascorbic Acid Standard (100 mg. per 100 ml.).-One hundred milligrams of 
ascorbic acid plus 1 ml. of glacial acetic acid is diluted to 100 ml. with water. Make 
up fresh twice a week. Keep in refrigerator. 

Ascorbic Acid (1 mg. per 100 ml.).-Wash 0.01 ml. of the 100 mg. per 100 ml. 
standard into 1 ml. of water. Make up just befoie use. 

Procedure.— Hemolyze 1 ml. of oxalated blood with 1 ml. of distilled water. 
Add 2 ml. of 10% trichloracetic acid, and centrifuge for 10 minutes. Take a 
Tml. aliquot and titrate with indoplienol reagent contained in a 2-ml. buret until 
the pink color persists for a short duration. The standard is made up of 1 ml. 
of ascorbic acid standard (1 mg. per 100 ml.) and 2 ml. of 10% trichloracetic acid. 
This is titrated in the same manner as the unknown. A blank consisting of 1 ml. 
of water and 2 ml. of 10% trichloracetic acid is titrated. 

Calculation.— 


Titration of unkno wn — blank titration 
Titration of standard — blank titration 


X 1.33 = mg. ascorbic acid/100 ml. 


Notes.— Dilute the inclophenol reagent until an approximately 1-ml. titration is obtained 
with the standard. The inclophenol solution is blue and turns pink as it mixes with the 
acid. The dichlorophenol-indophenol is bleached by the ascorbic acid (vitamin C) . At 
the end point, a pale pink which persists for at least 30 seconds, is noted. The color 
will eventually fade due to air oxidation. 

Normal blood plasma or serum contains from 0.8 to 1.5 mg. of ascorbic acid per 100 ml. 
Normally, red cells contain from 0.8 to 1 mg. per 100 ml. of packed cells. White cells 
and platelets have been shown to have levels as high as 25 mg. per 100 ml. 


BICARBONATE LEVEL OF DUODENAL SECRETIONS 


The specimen is obtained by the physician after a tube has been placed into the 
duodenum. An alkaline specimen tells the physician that the tube is in the 
duodenum and not the stomach which contains acid materials. The specimen 
does not need to be placed under an oil seal. The determination should be per- 
formed as soon as it is received in the laboratory. 

Procedure .- Place 1 ml. of distilled water in the cup of the Van Slyke Apparatus. 
Deliver 1 ml. of the duodenal secretions below the water with a pipet which is 
nol graduated to the tip. Add one drop of caprylic alcohol. Proceed with the 
determination following the steps enumerated in the procedure for carbon dioxide 
using the Manometric Van Slyke Apparatus (p. 1 085). 


Notes. Normal values: 60 to 75 milliequivalents per liter. 

The bicarbonate level in duodenal secretion is determined by the application of 
law of gases to the method of Van Slyke for determining CO, levels ofolasma Mi i 
equivalents per liter of CO., are equal to milliequivalents per liter nf thl £ , Ml . lh * 

in the duodenal secretion 1 us P er Iltei ot the bicarbonate ion 


JQli.TK.UiSIIN 


(Serum) 

fiengenfs. Sulfanihc Acid Solution, 0.1%, Reagent Grade-Dissolve 1 p- of 
sulfumhc acid, reagent grade, in 15 ml. of concentrated wn , au f , g ' f 
and dilute to 1000 ml. i„ a liter Bask with distilled water * g * heatin S 
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Sodium Nitrite Solution, 0-5%, Reagent Grade.— Prepare fresh daily by dissolv- 
ing 0.5 g. of sodium nitrite, reagent grade, in 100 ml. of distilled water in a 
100-ml. volumetric flask. 

Diazo Reagent.— Prepare fresh just befoic using by adding 0.3 ml. of 0.5% 
sodium nitrite to 10 ml. of 0.1% sulfanilic acid solution. 

Procedure . Direct Reacting Bilirubin.— Place 1 ml. of serum in a large test 
tube. Add 9 ml. of distilled water. To each of two cuvets, 19 by 105 mm., add 

4 ml. of diluted serum. To one cuvet (blank) add I ml. of 1.5% HC1. Mix by 
inversion. To the other cuvet add 1 ml. of fresh diazo reagent. Mix by inversion. 
After exactly 1 minute read the per cent transmittance at 535 m/i against the ref- 
erence blank which has been set at 100% T (transmittance). Obtain results from 
calibration curve. 

Total Bilirubin (Direct Plus Indirect Reacting Bilirubin).— To the tubes pre- 
viously used for direct reacting bilirubin determinations, proceed as follows: To 
all tubes add 5.0 ml. of absolute methanol; stopper and invert a few times; after 
30 minutes read the per cent transmittance at 535 m^ against the blank which 
has been set at 100% T. Obtain results from the calibration curve. 

Calculations.— The difference between the total bilirubin and the direct react- 
ing bilirubin is the indirect bilirubin. 

Calibration Curve.— Accurately weigh 20 mg. of dry bilirubin standard (phans- 
thiel) and dilute to 100 ml. with chloroform. This is a 20 mg.% stock stand- 
ard. Store in the refrigerator. Take 1 ml. of the 20 mg.% stock standard and 
dilute to 100 ml. with absolute methanol. This represents a 0.2 mg.% working 
standard. Into each of four 19- by 105-mm. cuvets add 1 ml. diazo reagent. 
Into cuvet number 1 add 3 ml. of distilled water, 1 ml. of working standard, 

5 ml. of absolute methanol, and allow to stand 30 minutes. This represents 
0.5 mg.% bilirubin. Into cuvet number 2 add 2 ml. of distilled water, 2 ml. 
working standard, and 5 ml. absolute methanol. Read after 30 minutes at 535 mu 
against a distilled water blank. This represents 1 mg.% bilirubin. Into cuvet 
number 3 add 1 ml. of distilled watei, 3 ml. of working standard, and 5 ml. of 
absolute methanol. Read after 30 minutes at 535 m/i against a distilled water 
blank. This represents 1.5 mg.% bilirubin. Into cuvet number 4 add 4 ml. of 
working standard and 5 ml. of absolute methanol and read after 30 minutes at 
535 m/i against a distilled water blank. This represents 2 mg.% bilirubin. Plot 
results on semilog paper. 

Note.— N ormal values: Dnect Reacting Bilirubin 0 to 0.2 mg. per 100 ml. bilirubin. 
Total bilirubin 0.2 to 0.8 mg.% bilirubin. 


BROMIDE 

(Serum or Spinal Fluid) 

Reagents. Stock Sodium Bromide Standard (1 ml. - 10 mg.).— Dissolve 1 g. of 
c.P. sodium bromide in a 100-ml. volumetric flask with distilled water. 

Dilute Sodium Bromide Standard (I ml. = 0.5 mg.).— Place 10 ml. of stock stand- 
ard in a 200-ml. volumetric flask and dilute to volume with a 10% trichloracetic 
acid-0.6% sodium chloride mixture. 

Procedure, Serum.— Place 18 ml. of 10% trichloracetic acid in a large test tube 
arid while shaking add 2 ml. of serum dropwise. Let stand 20 minutes and filter 
through Whatman No. 44 filter paper. Pipet 10 ml. of the filtrate into a cuvet. 
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Prepare a blank by placing 10 ml. of 10% trichloracetic acid in a««L Add 
1 ml of 0 5% gold chloride solution to each tube and mix. Read in the spec 
photometer at a wavelength of 520, setting the blank at 100% T. 

P Spinal Fluid.— Make a 1:5 filtrate by adding 3 ml. of spinal fluid to 12 m . 
m trichloracetic acid. Proceed as described for serum bromide. Divide the 
value obtained by 2 to correct for the different dilution. 

" Calibration Curve.-Pipet the following amounts of the dilute standard sodium 
bromide Xion (1 mL- 0.5 mg.) and .0% trichloracetic acid-0.6% soduun 
chloride mixture into 9 spectrophotometer tubes. 


Ml. of Dil. 

Ml. of 10% 

Mg. % of 

Standard 

Trichloracetic Acid 

Sodium 

Soln. 

NaCl Mixture 

Bromide 

1 

9 

50 

2 

8 

100 

A 

a 

7 

150 

4 

6 

200 

5 

5 

250 

6 

4 

300 

7 

3 

350 

8 

2 

400 

0 

10 

Blank 


Add 1 ml. of 0.5% gold chloride solution to each tube and read as described 
in the above method. Repeat several times, average results, and plot on semilog 
paper. 

Notes.— Normal value: less than 50 rag. per 100 ml. 

The therapeutic concentration is considered about 200 mg. per 100 ml. Toxic values are 
usually above 250 mg. per 100 ml. The ratio o£ blood bromide to spinal fluid bromide is 
about 3 to 1. 

This test is based on the reaction between sodium bromide and gold chloride which 
yields gold bromide and produces a brown to brownish-red color. The specificity of the 
reaction has been questioned and some point out that chemically unrelated compounds, 
as well as the other halogens, may react to produce the color change. The test is suffi- 
ciently accurate for use as a diagnostic measure, but may be inadequate as an index to the 
progress of any given case. 


CALCIUM 

(Serum, Cerebrospinal Fluid, Urine, Feces) 

Reagents. Standard Calcium Chloride Solution— Dissolve 0.2498 g. of pure 
calcite in a little dilute HC1 in a W'ide evaporating dish of 50- to 100-ml. capacity, 
care being taken to avoid loss by spattering. Run the acid down the side of the 
•dish, allowing the reaction to proceed slowly. Carefully evaporate the solution 
several times to near dryness, each time adding distilled water, and last evaporate 
to near dryness, expelling the last trace of HC1. Dissolve the residue in distilled 
water and dilute to 1 liter. One cubic centimeter of this solution equals 0 1 me 
calcium. This standard keeps indefinitely. ' 1 * 8 ‘ 

Procedure Serum and Cerebrospinal Fluid.-In a special acid-free centrifuge 
tube, place 2 ml. serum or cerebrospinal fluid, 2 ml, distilled water, and 1 ml of 
4 /0 ammonium, oxalate solution. (Set up in -duplicate.) If 4 ml of serum or 
cerebrospinal fluid are not available, test may be set up on 1 ml.' serum, 7 ml 
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distilled water, and 1 ml. of 4% ammonium oxalate. Mix by rotation. I« , 
similar tube to be used lor the standard, place 2 ml. or calcium chloride standard, 
2 ml of distilled water, and 1 ml. of 4% ammonium oxalate solution. Set up 
in duplicate and mix by rotation. Let stand one-half hour in a refrigerator or 
o \ emight at room temperature. Centrifuge (1500 to 1800 r.p.m.) for 10 
Insert the tubes and drain off the supernatant fluid. Mix packed precipitate b) 
tapping tube. Add slowly 3 to 4 ml. of 2% ammonium hydroxide solution. Mix 
thoroughly by rotation DO NOT invert. Centrifuge 7 minutes at 1500 to 180ft 
r.p m. Decant, mix precipitate, and wash once more with 2% ammonium hydrox- 
ide solution. After the second washing, decant, mix precipitate, and add 2 ml 
ol 1 X H 0 S0 4 . Boil 1 minute to dissolve precipitate and transfer to 75*C. water 
bath and titrate immediately. Tiuate with 0.01 N potassium permanganate solu- 
tion to a faint pink. Titrate the two standard lubes first. Maximum allowable 
variation in duplicate tubes is 0.06 ml. 

Calculations.— 


Ml. KMnQt used in titration (patient) ^ 
Ml. KMnO« used in titration (standard) 


10 = mg. per 100 ml. of calcium. 


Feces.— Ignite the complete specimen in a covered casserole or other container. 
Heat until the sample is completely reduced to a fluffy white or gray ash. When 
tlie ashing process is completed, cool and carefully add the minimum amount ol 
concentrated hydrochloric acid required to dissolve the ash. Keep die dish ai 
nearly covered as possible while dissolving the ash to avoid loss by spattering 
Without filtering, transfer the entire solution to a IG0-ml. volumetric flask and 
dilute to die mark with distilled water. (If patient is on a normal calcium intake 
diet, use a 0.5-ml. aliquot.) Proceed as for die serum determination using a I ml. 
aliquot. 

Calculations.— We are dealing with a quantity of calcium expressed in mast 
units rather than in eonccntialion units, and this must be taken into account in 
the calculations. By definition, any concentration unit is converted into a rna» 
unit when multiplied by the volume taken. Thus if the standard solution contained 
0.1 nig. per ml, and we took 2 ml., we actually had 0.2 mg, of calcium. So for sto° 
use the following equation: 


Mg. Ca/24 hours 


yol. KMnOj test 
vol. KMnO« std. 


X cone. std. X vol. std. X 


100 

aliquot 


where die concentration of the standard is in mg.%, the volumes are in 
liters, and the last factor corrects for the aliquot of the 100-ml. solution of sW0 
ash. 

Urines.— Measure the total urine volume, including any precipitate wliidi 
fcc present. Thoroughly mix the specimen and adjust its reaction just 10 
acid side of litmus by dropioise addition of concentrated hydrochloric ac ^ or J „ 
momuin hydroxide, depending on the original reaction. If this is properly 
the major part of any sediment will rapidly dissolve. . h l 

Take a 1-mi. aliquot of the mixed sample and place it in a 50-nil- J ‘ 
flask along wuli 0.5 ml. of concentrated nitric acid. Add a few glass beads. 6 
beads should be avoided as they interfere with centrifugal packing of J, 

tated calcium oxalate. Slowly bring to boiling and continue to drive o 
mud the volume in the flask is almost dry. Cool the flask slightly and 
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slowly, down the side, about 1 ml. of 30% hydrogen peroxide (Superoxol or simi- 
lar quality). When die vigorous reaction has ceased, continue heating t 
to dryness. (Avoid undue baking of the residue; just remove obvious liquid.) The 
sample will appear to ignite spontaneously just before reaching the proper state 
of dryness This is normal behavior. Allow the flask to cool and take up the 
residue in about 3 ml. of distilled water. If the solution is colored by oxides of 
nitrogen, repeat the treatment with hydrogen peroxide and again take to dryness. 
Finally dissolve the residue in a small amount of distilled water. Without filtei- 
j,„r, transfer the contents of the flask to a 15-ml. centrifuge tube; rinse the flask 
with 2 ml. of water and add this to the tube also. Total volume will be 5 ml. 
Proceed as with serum determination. 

Calculations.— For urines use the following equation: 


Mg. Ca/24 hours = 


vol. KMnOt test . , .. , . , ^ 

- X cone. std. X vol. std. X 

vol. KMnO^ std. 


total vol. 
aliquot taken 


where total volume refers to die urine sample and the aliquot refers to the 1 ml. 
originally taken for analysis. The other symbols have the same significance as in 
the calculations above for fecal calcium. 


Notts.— Doth urine and feces contain iron and magnesium which also give insoluble 
oxalates. Careful attention to reaction of the solution will avoid coprecipitation of these 
ions. The presence of organic material which easily reduces permanganate makes 
necessary the pretreatment outlined. Use unscralched centrifuge tubes, acid-washed. 

Normal values: 9 to 11.5 mg. per 100 ml. (serum); 0.1 to 0.3 g. per 24 hr. (urine). 


CARBON DIOXIDE CONTENT 

(Serum and Plasma by the Van Slyke-Neill Manometric Apparatus) 
Procedure .— Preceding each analysis, the apparatus is cleaned by introducing 10 
ml. of lactic acid solution and 10 ml. of distilled water, shaking for 15 or 20 sec- 
onds in the evacuated chamber, and ejecting the extracted gas and solution. The 
chamber is rinsed once with water, ejecting a few drops of mercury following the 
water. Remove excess water from the cup with an aspirator or medicine dropper 
and fill the stopcock channel with mercury by opening the stopcock, raising bulb 
to the upper level, and closing the stopcock. 

Place three drops of caprylic alcohol in the cup and admit enough to fill the 
stopcock channel (leveling bulb should be in lower position). Add 3.0 ml. of 0.1 N 
lactic acid to the cup. Add exactly 1 ml. of serum or plasma to the cup holding 
the pipet tip close to the bottom so that the serum is layered beneath the lactic 
acid. I he serum and 2.5 ml. of die lactic acid are admitted into the reaction 
chamber (1 ml. of the lactic acid and some caprylic alcohol are left in the cup). 
Add mercury to the cup, and admit enough to seal the stopcock channel. Lower 
the leveling bulb below the lower support and draw the mercury meniscus to the 
aO-ml. mark just below the reaction chamber. Close the stopcock leading to the 
bulb and shake for 3 minutes. Open the stopcock leading to the bulb and rap- 
ully ra.se the solution meniscus to the 2-ml. mark just above the reaction charn- 
u ‘ X ui< - k ‘y read initial gas pressure (Pj) on the manometer. 

Add 2 ml. of 10% NaOH solution to the cup and slowly admit 1 ml. into the 

„ C : C f r th‘ a ea V he St ° PC0Ck WiU ™^ r - ove excess alkali ;md 
Uercui \ from the cup by aspiration. Raise and lower the bulb three times to 
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ensure complete mixing of the aqueous solution and absorption of C0 2 by the 
alkali. Bring the solution meniscus to the 2-ml. mark and read P 2 on the ma- 
nometer. Record the temperature of the water jacket. Expel the solution through 
the side arm and clean chamber as noted above. 

Blank.— Use the carbon dioxide content method described above with 3.5 ml. of 
lactic acid. This value represents the amount of carbon dioxide in the reagent. 
The blank is usually 1 mm. to 4 mm. 

Calculations.— Since Pj equals millimeters of the initial gas pressure and P„ 
equals millimeters of pressure due to all gases except carbon dioxide, then P t - 
P» equals millimeters of caibon dioxide pressure. Subtract the blank from this 
value and multiply the resulting pressure by the appropriate factor. The factor 
varies with the temperature and the factors for the method described here are 


Table 30-1. Factors for Carbon Dioxide Content Method 


Temperature, °C. 

Factor 

Temperature, °C. 

Factor 

15 

0.1231 

25 

0.1167 

16 

0.1224 

26 

0.1161 

17 

0.1217 

27 

0.1156 

18 

0.1211 

28 

0.1151 

19 

0.1204 

29 

0.1145 

20 

0.1198 

30 

0.1140 

21 

0.1192 

31 

0.1135 

22 

0.1185 

32 

0.1130 

23 

0.1179 

33 

0.1125 

24 

0.1173 




listed in Table 30-1. A complete list of factors is available in the literature. The 
formula for the calculation is: 

(Pj — P 2 ) — blank X factor = milliequivalents per liter of C0 2 

Notes.— Normal values: 25 to 30 milliequivalents per liter. 

The sample to be analyzed may be handled in two ways. Care must be taken in order 
that carbon dioxide does not escape before the performance of the test. The blood, 
therefore, may be either collected under oil or by means of the heparinized vacutainer 
tube. In our experience the racutainer is perfectly adequate and is much easier to handle. 

TOTAL CATECHOLAMINES 
(Urine) 

Reagents. Activated Alumina, Alcoa, grade F-20, 60 to 200 mesh. 

Acetate Buffer.— Add 6 ml. of 10 N sodium hydroxide to 100 mb of saturated 
sodium acetate solution. 

Ascorbic acid-sodium hydroxide reagent, prepared immediately before use by 
adding 0.5 ml. of ascorbic acid, 2% (wt/vol.l to 4.5 ml. of sodium hydroxide, 20% 
(wt./\ol.). 
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Stock Standard Noradrenalin.-Dissolve 20.1 mg. of levarterenol bitartrate, USP, 
in 100 ml. of 0.1 N hydrochloric acid; 1 ml. contains 100 fig. of noradrenalin. inis 
remains stable for at least six months in the refrigerator. . 

Working Noradrenalin Standard.— Dilute 0.5 ml. of stock standard solution to 
50 ml. of distilled water; 0.5 ml. contains 0.5 fig. of noradrenalin. This solution 

should be freshly prepared just before needed. . 

Procedure. Collection of Samples.-Urine specimens are conveniently collected 
in a 1-ounce polyethylene bottle containing 0.2 g. of the following preservative 
mixture: 4 g. sodium metabisulfite plus 2 g. sodium fluoride. The urine samples 
are preserved in this way at. room temperature for a period up to one week. 

Determination.— To an approximately 20-ml. sample of urine in 125-ml. Erlen- 
meyer flask add 6 N sulfuric acid to pH 2 (pH test paper). Cover the mouth of 
the flask with a small funnel, heat in a boiling water bath for 20 minutes, then 
cool in running tap water. Add 14% sodium carbonate to pH 8.5, using narrow 
range pH paper. Centrifuge. Chromatograph to clear supernatant without delay. 

The chromatographic tube to be used is 8 by 130 mm., and it is sealed to a 
reservoir 25 by 65 mm. Add the alumina, suspended in water, to the tube until 
the column 4 cm. in height is obtained. Wash the column with 5 ml. of 0.2 M 
sodium acetate trihydrate solution, and add 10 ml. of urine. Wash the column 
first with 20 ml. of 0.2 M sodium acetate, and then with 5 ml. of distilled water. 
Elute the catecholamines with 0.2 M acetic acid; collect 20 ml. of eluate. 

The fluometric procedure which follows is used for the determination of total 
catecholamines. Transfer 4.0-ml. aliquots of urine eluate to each of three tubes: 
(a) blank, ( b ) sample, (c) sample plus standard. To tubes (a) and ( b ) add 0.5 ml. of 
distilled water and to tube (c) add 0.5 ml. of working noradrenalin standard. Add 
to each tube 1.0 ml. of acetate buffer; resulting pH should be between 6.0 and 6.5 
(narrow range pH paper). Add 0.1 ml. of 0.25% (wt./vol.) potassium ferricyanide 
reagent to each tube and allow to stand 2 minutes. To tube (a) (blank) add 1.0 
ml. of 20% sodium hydroxide (wt./vol.); allow to stand 20 minutes, centrifuge and 
determine fluorescence as described below. To tubes (6) and (c), add 1.0 ml. of 
ascorbic acid-sodium hydroxide reagent, centrifuge and read the fluorescence im- 
mediately in a photofluorometer using Corning filters, 5970 (primary) and 3387 
(secondary). 

Calculation.— Subtract the “blank” fluorescence from the “sample” fluorescence. 
This gives the “corrected sample fluorescence.” Subtract the "sample” fluorescence 
from the fluorescence of the "sample plus standard.” This gives the “standard” 
fluorescence. 


Corrected sample fluorescence 
— ‘ ^ 25 

Standard fluorescence 

= jig. catecholamines/100 ml. calculated as noradrenalin 
Note.— Normal individuals excrete less than 200 M g. of catecholamines per 24 hours. In 
the presence of pheochroinocytoma, excretion of catecholamines is markedly increased. 


CHLORIDES 
(Serum, Spinal Fluid, Urine) 

rj Tfv!??' 1 ' Nitrate Solution — Dissolve 5 g of mercuric nitrate (c.p.) in 

I°tri" acid D i tl'mT r • T aciduh,c ‘ l 2-5 ml. of concentrated 
sc hie m D ‘J 1 a volumetr <c flask and mix. The solution is 

tabic. (Accuracy in weighing the mercuric nitrate is important.) 
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Indicator Solution.— Dissolve 100 mg. of j-diphenylcarbazone in 100 ml. of 95% 
ethyl alcohol. Store in the refrigerator in a brown bottle. Prepare a fresh solution 
mon tlily. 

Chloride Standard (100 milliequivalents per liter).— Dry 6 g. of c.p. sodium 
chloride at 110" C. for 1 hour and cool to room temperature in a desiccator. Ac- 
curately weigh 5.845 g. and dissolve in distilled water. Dilute to 1 liter in a volu- 
metric flask and mix. The solution is stable indefinitely. 

Procedure .— To 5 ml. of distilled water in a 50-mi. Erlenmeyer flask, add 0.5 
ml. of serum, urine, or spinal fluid. (For urine, measure the volume of a 24-hour 
specimen.) Add 0.5 ml. of a 100 milliequivalent per liter standard chloride solu- 
tion to 5 ml. of distilled water in a similar flask. To each flask add four drops 
(0.06 ml.) of s-diphenylcarbazone indicator. If, on the addition of the indicator 
to the unknown, a pink color develops, add approximately 1 N nitric acid drop- 
wise (0.02 ml.) until the color just disappears. Avoid adding an excess of nitric acid. 
The j-diphenylcarbazone is colorless at pH 6, faint pink at pH 7, and salmon-pink 
at pH 8. The most desirable pH is 4.5 to 6.6 at the beginning of the titration. 
Titrate the samples by adding mercuric nitrate solution from a 5-mI. buret cali- 
brated in 0.02-mI. divisions. The end-point color is violet-blue. 

Notes.— Ulood specimens for chlorides should be drawn without stasis and hemolysis. 
The sci um must be separated promptly from the cells to pre\ent cell chlorides from 
entering the seium. (The red cell chloride content is ahout one- half that of serura.) 
The test should be run as soon as possible after collection. Abnormal amounts of bromine 
present in the specimen will elevate the results of the test since mercuric nitrate does not 
diileientiate between chloride and bromide. It is not necessary to use exactly 5 ml. of 
water as a diluent in step No. 1, but it is preferable to use approximately this amount. 
Too little or too much water makes the end point difficult to read. 

Calculations.— Serum and spinal fluid (report in milliequivalents per liter): 


10Q x vol. Hg(NQ 3 ) 2 unknown 
vol. Hg(N 0 3 )2 standard 


milliequivalents/liter 


Urine (report in grams per 24 hours) : 


Q vol. HgfNQ 3 )2 unknown 
vol. Hg (N 03)2 standard 


X 0.035 X no. liters in spec. = g./24 hours 


Normal values 96 to 105 milliequivalents per liter (serum) 

118 to 130 milliequivalents per liter (spinal fluid) 

0.4 to 0.6 g. per 100 ml., or 6 to 10 g./per 24 hours (urine) 


CHOLESTEROL, TREE AND TOTAL 
(Scrum) 

Reagents. Digitonin Solution.— Dissolve I g. of digitonin in 50 ml. ethanol. 
Dilute to the mark in a 100-ml. volumetric flask with distilled water. 

Iron Stock Solution.— Dissolve 2.5 g. of Fe01 3 *6H 2 O in 25 ml. of glacial acetic 
acid. Preserve in the freezing compartment of the refrigerator and thaw when 
needed. No precipitate forms in the thawed solution. 

Color Reagent.— Pipct 1.0 ml. of the stock iron solution into a 100-ml. volumetric 
flask and dilute to the mark with sulfuric acid (c.p.) with continuous swirling. Dis 
card when any precipitate becomes evident. 
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Cholesterol Stock Standard Solution.-Dissolve 100 mg. of pure cholesterol in 
facial acetic acid and dilute to the mark in a 100-ml. volumetric flask with mixing. 
° Procedure.- Place about 10 ml. of a 50:50 alcohol-acetone mixture into a 25-ml. 
volumetric flask. Add 1.0 ml. of serum, to the mixture with vigorous swirling. 
Brino- mixture to a boil in a hot-water bath. Mix constantly while heating to 
avoid bumping. Cool and dilute to the 25-ml. mark with the alcohol-acetone mix- 
ture. Filter through Whatman No. 41-H filter paper, keeping funnel top covered 
to prevent evaporation. Pipet 2.5-ml. aliquots of the filtrate into a 30-ml. test tube 
(for total cholesterol) and into a 15-ml. conical centrifuge tube (for free cholesterol). 
Place both tubes in a hot-water bath. Caution: gradually increase heat for free 
cholesterol. Evaporate the contents of the test tube to dryness and the centrifuge 
tube to 0.5 to 1.0 ml. 

Total Cholesterol.— Add 3 ml. of glacial acetic acid to the test tube containing the 
dry residue. Warm 30 seconds in a water bath until the residue is resuspended. 

Free Cholesterol.- Add 1 ml. of a 1% digitonin solution to the partially evapo- 
rated contents of the centrifuge tube. Mix well by tapping tube. Allow to stand 
for 10 minutes. Centrifuge for 10 minutes at 3500 r.p.m. Decant the supernatant 
fluid and allow the inverted tube to drain for several minutes on absorbent paper. 
Blow 4.0 ml. of acetone into the tube to disperse the precipitate. Mix thoroughly. 
Centrifuge for 10 minutes, decant and drain (as above). Add 3 ml. of glacial acetic 
acid. Warm a few seconds in the water bath, if necessary, to dissolve the precipitate. 

Add 2 ml. of the color reagent to all tubes. Mix thoroughly. Cool for 5 min- 
utes. Read tire absorbance in the spectrophotometer at 620 m/u. using a 10- by 
75-nrm. cuvet. Make readings against a reagent blank consisting of 3 ml. of 
glacial acetic acid and 2 ml. of color reagent. 

All glassware used for this test must be water free. Red blood cells contain 
smaller concentrations of free cholesterol; therefore, hemolyzed specimens are un- 
satisfactory. The serum contains a potent cholesterol esterase enzyme which rapidly 
esterifies free cholesterol when blood is allowed to remain at room temperature. 
If the test cannot be performed soon after the specimen is collected, the serum 
should be separated and frozen. The results may be erroneously high in the pres- 
ence of traces of bromide. This interference can be removed by shaking the serum 
sample for about 5 minutes with 25 to 50 mg. per ml. of solid silver iodate and 
then centrifuging briefly. The clear supernatant serum is then analyzed as outlined. 

Calculations.— 1. Values for total cholesterol (mg. per 100 ml.) are obtained from 
a calibration curve. 

2. Values for free cholesterol (mg.%) are obtained from a calibration curve. 

3. Cholesterol esters (mg.%) = total cholesterol (mg.%)-free cholesterol (mg.%). 

Calibration Curve.-Pipet 0.0, 0.1, 0.2, and 0.3 ml. of the stock cholesterol stand- 
ard solution into a 30-ml. test tube. Add glacial acetic acid to each tube to make 
a final volume of 3 ml. Add 2 ml. of color reagent to each tube, mix thoroughly, 
and allow to cool. Measure the absorbance of each tube at 620 m^i using a 10- by 
75-mm. cuvet. Plot the readings against their corresponding dilutions on graph 
paper. 6 “ 


Notes.— Normal values: Total cholesterol-150 to 250 mg. per 100 ml. Cholesterol esters- 
appioximately 6a to /5% of total. These are average figures. There may be variations 
mn° n 1 I J oimal in <h victuals over a wide range which may extend from 110 to 350 me ner 
100 mb toi total cholesterol. Of this, about one-third is present as free cholesterol and the 

Sr fn* m fonn i , Smce not onl >- ^e, but the sex and the diet (high animat fatl 

BcuU. 116 SenUU choIestero1 levd > the establishment of a standard normal raivnTts chf- 
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COPPER 

(Serum and Urine) 

Reagents. Color Reagents.— Weigh out 100 mg. o£ bathocuproine. (G. F. 
Smith Chemical Company, Columbus, Ohio; c.p. grade.) Add 0.5 ml. of iron-free 
chlorosulfonic acid and heat over the flame of a microburner for 30 seconds. Cool, 
carefully add 10.0 ml. of contaminate-free distilled water to the container and warm 
in a water bath with stirring to dissolve all solid material. Dilute 3.0 ml. of the 
reagent to 100 ml. with 45% sodium acetate solution, filter off any insoluble ma- 
terial and store in a brown glass-stoppered bottle. The reagent appears to be 
stable for several months stored in brown glass-stoppered bottles. 

Copper Stock Standard.— Weigh out 100 mg. of analytical grade copper shot or 
purified copper powder, dissolve in sulfuric acid solution, and dilute to 1 liter. 

Copper Working Standaids.— Dilute 0.0, 1.0, 2.0, 3.0, and 4.0 ml. of the copper 
stock standard to 100 ml. with distilled water. These correspond to concentrations 
of 0 to 400 mg. per 100 ml. 

Procedure .— Pipe t 1.0-ml. sample of serum or urine into a clean, dry, glass-stop- 
pered centrifuge tube. Prepare blank for the analyses by substituting 1.0 ml. of 
contaminate-free distilled water for the serum, 0.5 ml. of contaminate free distilled 
water for the trichloracetic acid, and proceed as below for serums. Prepare stand- 
ards by pipetting 1.0 ml. of each of the copper working standard into a tube and 
treat as described for the blank samples. 

Add 1.0 ml. of 1 N HC1 to a tube, mix and heat for 5 minutes in a near boiling 
water bath. Cool, and add 0.5 ml. of 10% trichloracetic acid and mix thoroughly 
with a dean glass rod or by vigorously shaking the stoppered container Centri- 
fuge at 3500 to 4000 r.p.m. for 15 minutes. Pipet 1 ml. of the clear supernatant 
solution into a clean cuvet (10 by 75 mm.). Add a small spatula tipful (approxi- 
mately 10 mg.) of solid ascorbic acid to die cuvet, and mix well. (The amount 
of ascorbic acid added is not critical.) Add 0.2 ml. of die bathocuproine color re- 
agents, and mix well. Read the sample against its appropriately prepared blank 
at 485 m/x. 

Calculations.— 


Copper, /xg. per 100 mi. 


absor bance of unknown 
absorbance of standard 


X cone, of standard 


Notes.— Bec,i use the proceduic is so delicate and the amounts of ions being dealt with 
are measured in imciograms, it is necessary that all glassware being used in the procedure 
be extlemel) clean. Care must be taken not to overheat the sciuni and thus coagulate 
the piotein. 

Normal values: 150 to 200 ^g. per 100 ml. of serum for copper. The usual analyti- 
cal procedures for the assay of serum copper and iron are quite difficult. By the use 
of sulfonated phenanthrolincs one is able to determine the serum copper and iron with 
relative ease. The phenanthiolines lorrn complexes with copper and iron. These com- 
plexing agents are 4,7-diphenyl-l,10-plienaiuhroline (bathophenanthroline) for iron, anti 
2,9-dimethyl-4,7-dipheiiyl-I,10-plienandiroIinc (bathocuproine) for copper. The sulfonation 
of bathophenanthroline with chlorosulfonic acid makes these colored complexes water 
soluble. 
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CREATINE AND CREATININE 

(Serum, Plasma, Urine) 

Reagents. Alkaline Picrate.-Mix 8 parts of picric acid solution (1%) to 2 of 
10% sodium hydroxide and allow to stand for 10 minutes before use. Prepare 

daily. 

Creatinine Stock Standard (1 mg. per ml.).-One gram of creatinine dried at 80°C. 
is made up to 1 liter with 0.1 N HC1 (8.5 ml. concentrated HC1 up to 1 liter). 
Cover this solution with toluene and keep in the refrigerator. 

Creatinine Dilute Standard (10 fig. per ml.).— Dilute 1 ml. of stock standard to 
100 ml. with water. This dilute standard is good for one day only. 

Creatine Stock Standard (Equivalent to 1 mg. per ml. of Creatinine).— Creatine 
is recrystallized from water and dried at 80°C. Transfer to a vacuum desiccator 
and dry overnight. Place 1.16 g. of creatine in a liter flask and make to the mark 
with 0.1 N HC1. Cover with toluene and keep in the refrigerator. Creatine occurs 
as the monohydrate. It should be analyzed by the Kjeldahl method for nitrogen 
content to assure die anhydrous state. 

Creatine Dilute Standard (Equivalent to 10 fig. of Creatinine per ml.).— Dilute 
the creatine stock standard 1:100. Keep under toluene and in the refrigerator. 
Make up daily. 

Tungstic Acid.— Mix equal parts of 0.15 N sulfuric and 2.2% (wt./vol.) sodium 
tungstate solution. 

Procedure for Urine ( Preformed Creatinine).— Record the volume of a 24-hour 
sample. To a test tube with a mark at 10 ml., add 0.1 ml. of urine. Now add 4 ml. 
of picric add solution (1%) followed by 1.0 ml. of 10% NaOH. Mix and let stand 
for 10 minutes. Dilute to the 10-ml. mark and read after 15 minutes with the 52 
filter in the Klett-Summerson colorimeter or at 490 m^ in the Beckman spectro- 
photometer. The blank comprises 4 ml. of 1% picric acid with 1.0 ml. of 10% 
NaOH made up to 10 ml. Read the concentration of creatinine from the stand- 
ard curve (see below). Check the curve by adding 0.1 ml. of the creatinine stock 
standard (1 mg. per ml.) and treating as for urine. 

Procedure for Urine (Creatine).— This test must be run alongside of the 
creatinine assay. To 0.1 ml. of urine add 4 ml. of 1% picric acid. Cover the tube 
with tin foil and place in the steam autoclave at 120°C. for 30 minutes. Cool un- 
der the running tap after removal from the autoclave. Add 1.0 ml. of 10% NaOH 
and mix. Allow to stand 10 minutes, dilute to the 10-ml. mark, and read as for 
creatinine. Treat the creatine standard as for the unknown, using 0.1 ml. of 
cieatine standard instead of the urine. This assay determines total creatinine; and 
therefore, read the concentration as creatinine from the standard creatinine chart 
for urine. 

Calculations.— 

Total creatinine (after heating) — preformed creatinine = creatinine due to creatine 
Creatinine due to creatine X 1.16 = creatine concentration 

Procedure for Plasma or Seram (Preformed Creatinine).— To 1.0 ml. of cell free 
■ut un lemolyzed serum, add 7.0 ml. of tungstic acid. Mix and centrifuge for 10 
minutes at 2000 r.p.m. Decant the supernatant into another tube. Use a 3-ml. 

1 lc l uot f° r creatinine and a S-ml. aliquot for creatine. 
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To a 3-ml. aliquot add 0.8 ml. o£ 1% picric acid solution and 0.2 ml. of 10% 
NaOH. Allow to stand for 10 minutes and read before 15 minutes have elapsed. 
Read the creatinine concentration directly from the calibration chart made for 
serum. The blank uses 1 ml. of water treated as for serum, adding 7 ml. tungstic 
acid, taking a 3 ml. aliquot, etc. For the standard, use 1 ml. of the dilute creatinine 
standard (10 Mg- per ml.) and treat as for serum. 

Procedure for Plasma or Serum Creatine.— To a 3-ml. aliquot of the centrifugate 
of serum (see procedure above for plasma or serum creatinine) add 0.8 ml. of 1% 
picric acid. Place in a steam autoclave for 30 minutes at 120°C. Cool under the 
tap, add 0.2 ml. of 10% NaOH and mix. Allow the color to develop for 10 minutes 
and read before 15 minutes. For the standard, add 1 ml. of the dilute creatine 
standard (10 Mg. per ml.) to 7 ml. of tungstic acid, take a 3-ml. aliquot, add 0.8 ml. of 
picric acid, and heat as for the unknown. For the blank tTeat 1 ml. of water, as 
for the serum. Read the concentrations from the standard creatinine curve for 
serum. The standard should check the stand.ud curve. 

Calculations.— 

Total creatinine (after heating) — preformed creatine = creatinine due to creatine 
Creatinine due to creatine X 1.16 = creatine concentration 

Standard Curves. Cieatinine foi Urine.— To a series of 8 tubes marked at 10 
ml. add 0.5 ml. of water (blank), 0.1 ml. of creatinine stock standard (100 mg. per 
100 ml.); 0.1 ml. of stock standard diluted 1:1 with watci (50 mg. per 100 ml.); 0.1 
ml, of stock standard diluted 1:3 with watet (25 mg. pei 100 ml.); 0.2 ml. of stock 
standard (200 mg. per 100 ml.); 0.3 ml. of stock standard (300 mg. per 100 ml.),* 
0.4 ml. of stock standard (400 mg. per 10 ml.); and 0.5 ml. of stock standard (500 
mg. per 100 ml.). Now add water to those solutions in which the volume is less 
than 0.5 ml., so that all volumes are 0.5 ml. Add 5 ml. of alkaline picrate to each 
tube, mix, and let stand for 10 minutes. Dilute to 10 ml. and read against the 
blank before 15 minutes have elapsed. Draw the curve, plotting concentration 
against optical density reading. This curve will read directly in urine concentra- 
tion. 

Creatinine for Scrum or Plasma .— Make up a series of solutions containing in 3-ml. 
volume 2.5, 5.0, 10, 15, 20, 30, and 50 Mg- of creatinine. These solutions are made 
fiom the 10 Mg. per ml. solution except for the solution containing 50 fig., which 
is made by using 0.05 ml. of the stock standard (1 mg. per ml.). To one tube 
(blank) add 3 ml. of water. Add 1 ml. of alkaline picrate to each, and read after 
10 minutes but before 15 minutes have elapsed. Since the 3-ml. aliquot taken in 
analyzing for the unknown contains % ml. of serum, then if, for example, the 
reading is equivalent to the 10 Mg- point on the standard curve, 

10 X -jj— = 2667 fig. creatinine per 100 ml. of serum — 2.667 mg. per 100 ml. ofserum 
8 

The formula then becomes, 

pg. taken X 0.2667 = mg. per 100 ml. creatinine 

Thus, 2.5 fig. = 0.67; 5 fig. = 1.33; 15 fig. = 4.0; 20 Mg. = 5.33; 30 Mg- = 9.0; a« d 
50 Mg- = 13.3 mg. per 100 ml. of serum. The curve is plotted to read directly in 
milligrams per 100 ml. of serum. 



CHEMICAL ANALYSIS IN CLINICAL MEDICINE 1093 

Notes— Picric acid forms a colored complex in alkaline solution with creatinine, with 
maximum absorbance at 490 m^. The intensity of the color developed depends upon the 
temperature, concentration of alkali, and picric acid and the time. Thus, if room tem- 
perature rises above 25°C. or drops below 20°C., it is best io place the. tubes in a con- 
stant temperature bath or a large volume of water maintained at 20° to 2a C. When 
creatinine estimation alone is performed, the alkali and picric acid are mixed before ad- 
dition- (alkaline picrate). . . . 11Q 

The molecular weight of creatine is 131 and the molecular weight of creatinine is 113. 
The ratio 131/113 = 1.16 is the factor required to convert creatinine values to creatine 
values. Creatine as first crystallized is a monohydrate. If used as such, its creatine con- 
tent should be assayed by its Kjeldahl nitrogen content. 

Creatinine is excreted in the urine of the normal adult at the rate of 1 to 1.7 g. daily. 
More specifically, 20 to 26 mg. per kilogram of body weight in males and 14 to 22 mg. per 
kilogram of body weight in females is excreted in 24 hours. Creatine excretion is low in 
normal urine and is of the order of (25 to 200 mg.), the creatinine excretion in the 
normal adult when done by the Jaffe reaction. In infants of less than one year, 10 to 14 
mg. per kilogram of body weight of creatine is excreted. Whole blood levels for creatine 
raiwe from 3 to 7 mg. per 100 ml. and 1 to 2 mg. per 100 ml. for serum. For creatinine 
whole blood levels range from 1 to 2 mg. per 100 ml. and serum levels from 1 to 1.5 mg. per 
100 ml. 


FIBRINOGEN 

(Whole Blood) 


Reagents. Parfentjev Ammonium Sulfate Reagent— Dilute 133.38 g. (NH 4 ) 2 S0 4 , 

10.0 g. NaCl, 0.025 g. Merthiolate to 1 liter with distilled water. Adjust to pH 

7.0 with 10 M NaOH. 

Procedure .— Collect 5 ml. of the patient’s blood in a Wassermann tube contain- 
ing 0.5 ml. of 4% sodium citrate dihydrate. Centrifuge specimen at 2500 r.p.m. for 
10 minutes. Form the “blank” and “test” as follows: “blank”— 1.0 ml. plasma plus 

9.0 ml. normal saline; “test”— 1.0 ml. plasma plus 9.0 ml. of the Parfentjev ammo- 
nium sulfate reagent. 

In exactly 3 minutes read the blanks and the test in the spectrophotometer at 
wavelengdt 510 m/x, using a cuvet 19 by 75 mm. Read absorbance. If coagula- 
tion has occurred, the sample is given a vigorous shake just before the reading is 
taken. 

Calculations.— 


Grams per 100 ml. fibrinogen 


absorbance + 0.019 
0.509 ' 


Note.— N ormal value: 0.113 to 0.380 g. per 100 ml. 


GASTRIC ACIDITY 

(Gastric Contents) 

Reagents. Topfer’s Reagent.-Place 1 g. D f /z-dimethylaminoazobenzene in a 100- 
ml. volumetric flask and dilute to the mark with 95% ethyl alcohol. 

Procedure.— Centrifuge gastric contents. Consider specimens composed entirely 
ol mucus or saliva unsatisfactory for determination. Test the pH of each oriViml 
specimen. If free acid is present the pH will be below 4.5. Place 1 ml in a 50-ml 
Erie nmey er flask and add approximately 10 ml. of distilled water and mix Add 
two drops of Topfer’s reagent. If free acid is present, the specimen n th”flask^l 
tuvr, red IE it turns yellow, no free add is present. Add two drops of nhe- 
nolphthalem Titrate the free acid, if present, from red to yellow, and the total 
acid from yellow to red, with 0.1 N NaOH usin°- a barer v* a u 1 tal 
ot NaOH for each indicator change. 8 ReCOrd the amount 
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Calculations.— 


Free add: ml. of 0.1 


tfNaOH X 


100 

ml. gastric contents used 


= free HC1 per 100 ml. gastric contents 


Total add; ml. of 0.1 


tfNaOH X 


100 _ 

ml. gastric contents used 


= total acid per 100 ml. gastric juice 


Notes.— Normal values for free HC1 in healthy, well-nourished adults: 

Males: 100 degrees (at 25 years) 

67 degrees (at 65 years) 

reraales: 82 degrees (at 25 years) 

67 degrees (at 65 years) 

(Values expressed in degrees are equivalent to the number of milliliters of 0.1 N sodium 
hydroxide required for the neutralization of 100 ml. of gastric contents.) 


GLUCOSE 

(Whole Blood, Serum, Spinal Fluid) 

Reagents. Glucose Stock Standard Solution (100 mg.%).— Accurately weigh 
1.000 g. of highest purity glucose on the analytical balance. Dissolve in 50 ml. of 
0.25% benzoic acid. Dilute to I liter with 0.25% benzoic acid. Store in the re- 
frigerator. Stability is indefinite. 

Copper Reagent.— Dissolve 12 g. of sodium carbonate (anhydrous) and 6 g. of 
Rochelle salt (sodium potassium tartrate) in approximately 100 ml. of distilled 
water. Add 40 ml. of 5% copper sulfate pentahydrate and mix well. Add 8 g. 
of sodium bicarbonate and stir until dissolved. Dissolve 90 g. of anhydrous sodium 
sulfate in 250 ml. of hot water. Cool and add to the copper sulfate mixture. Mix 
well and dilute to 500 ml. with distilled water. 

Arsenomolybdate Color Reagent.— Dissolve 50 g. of ammonium molybdate m 
900 ml. of distilled water. Add 42 ml. of concentrated sulfuric acid, and mix. 
Dissolve 6 g. of pulverized sodium arsenate (Na 2 HAs0 4 -7H 2 0) in 50 ml. of dis- 
tilled water and add to the mixture. Mix well and place in an incubator at 37*0. 
for 24 to 48 hours. Store in a brown bottle. 

Procedure .— Prepare a protein-free filtrate in a 50-ml. Erlenmeyer flask as follows: 

a. 15 ml. of distilled water. 

b. 1 ml. of oxalated blood, serum, or spinal fluid. 

c. 2 ml. of 5% copper sulfate. 

d. Mix well and allow to stand for 1 minute. 

e. Add, with continuous shaking, 2 ml. of 10% sodium tungstate. 

/. Mix well and allow to stand I minute. 

g. Filter through a dry No. 40 Whatman filter paper, or centrifuge for 15 min- 
utes at 1800 x.p.m. 

This filtrate is a 1:20 dilution of the original specimen. 

Use this jiltiate for glucose determinations only. Nonglucose reducing materials 
present in the specimen are precipitated, leaving “true sugar," only, in the filtrate. 
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About one-half of die precipitated reducing substance consists of nitrogenous con- 
stituents of the blood including creatine, creatinine, uric acid, urea nitrogen and 
non-protein nitrogen. Breakdown of glucose takes place very rapidly m blood or 
spinal fluid. In blood samples, enzymes glycolyze the sugar and in infected spina 
fluid bacteria destroy sugar. Greater accuracy in the test may be obtained by ob- 


serving the following steps: 

a. If clotted blood is used, remove die serum as soon as possible after the speci- 
men is collected. _ 

b. Collect whole blood in a container which includes sodium fluoride (an enzyme 

inhibitor). Even in the presence of fluoride, blood samples may lose as much as 

10% of their sugar over a period of a few hours. 

c. Make filtrates of the specimens as soon as possible after acquisition. Filtrates 
remain stable indefinitely. Whole blood (without fluoride) or spinal fluid may 
lose 10% of its glucose content per hour at room temperature. 

d. If analysis is unavoidably delayed, refrigeration of the specimen may retard 
glycolysis for several hours. 


Transfer 2 ml. of protein-free filtrate to a Folin blood sugar tube. Into a second 
Folin blood sugar tube place 2 ml. of distilled water. This is the reference blank. 
To each tube add 1 ml. of copper reagent. Mix well. Immediately place the tubes 
in a boiling water bath for 10 minutes. Cool without shaking in a cold-water bath 
for 2 minutes. To each tube add 1 ml. of arsenomolybdate color reagent. Mix 
well and allow to stand for 2 minutes. Dilute to 25 ml. with distilled water. In- 
sert clean rubber stoppers in the tubes and mix by inverting the tubes three times, 
allowing the bulbs in the bottom of the lubes to empty each time. Read the per 
cent transmittance (% T ) of die unknown against the reference blank set at ioo% 
T at 480 m/i in the spectrophotometer. Use 19- by 105-mm. cuvets. Obtain glucose 
values in mg. per 100 ml. from the calibration chart. 

Calibration Curve.— Into each of five 100-ml. volumetric flasks add, respectively, 
2, 4, 6, 8, and 10 ml. of stock standard glucose solution (1 mg. per ml.). Dilute each 
to 100 ml. with distilled water. Two milliliters of each of these dilute standards are 
equivalent respectively to 40, 80, 120, 160, and 200 mg.% of blood sugar. Add 
2 ml. of each standard to separate Folin sugar tubes and proceed as above. Plot 
the readings of the dilutions against their value in mg.% on semilog paper. 


Notes.— Normal values: 65 to 100 mg.% (blood) 


Adults: 40 to 70 mg. per 100 ml. (spinal fluid) 

Children: 70 to 90 mg. per 100 ml. (spinal fluid) 


The method outlined above for the determination of glucose in body fluids based on 
the technique of Somogyi and Nelson has been adapted and modified by Indiana Uni- 
versity Clinical Laboratory Chemistry Department. By the use of copper sulfate and 
sodium tungstate, both the proteins and the nonsugar reducing substances present in the 
specimen are precipitated, leaving true sugar as the only reducing substance in the 
protein-free filtrate. The values thus obtained are approximately 10 to 20 nrn.% lower 

tram ° f the Fol H'™ u method of protein precipitation. Glucose present m the fil- 
trate reduces copper in alkaline solution when heated. The cuprous Conner so formed 

vmS H Uh f sen ?™°lybdate reagent to produce a stable blue color, the intensity o/ which 

asra 
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5-HYDROXYINDOLEACETIC ACID 

(Urine) 

Reagents. 1 -N i troso-2-naph thol, 0.1%.— To a 100-ml. volumetric flask add 0.1 g. 
of l-nitroso-2-naphthoI and dilute to 100 ml. with 95% ethyl alcohol. 

Nitrous Acid Reagent.— This must be prepaied just before using. Add 0.2 ml. 
of 2.5% sodium nitrite to 5 ml. of 2 N sulfuric acid. 

5-Hydroxyindoleacetic Acid (5-HIAA) Stock Standard.— Weigh 50 mg. of 5-HIAA 
and dissolve in 500 ml. of distilled water. Add 25 drops of glacial acetic acid to 
keep the pH approximately 3. In this solution 1 ml. is equivalent to 100 pg. 
5-HIAA. 

Procedure.— Obtain a 24-hour specimen of urine in a suitable container to which 
has been added 3 ml. of toluene and 25 ml. of glacial acetic acid prior to collection. 
Measure the total volume of the specimen and record. Place a 5-ml. aliquot of 
urine in a 50-mi. centrifuge tube. Into a second 50-ml. centrifuge tube place 5 
ml. of water which will serve as a blank. To each tube add approximately 2 g. 
of sodium chloride and 25 ml. of ether. Place a number 6 rubber stopper in each 
of the centrifuge tubes and shake for 1 minute. Be sure the rubber stoppers are 
held in tightly; otherwise the expanding ether fumes will force the stopper out. 
Remove the rubber stoppers and centrifuge the tubes at 2000 r.p.m. for 2 minutes. 

Place 20 ml. of the ether layer in a 125 ml. Pyrex suction flask, apply gentle suc- 
tion and evaporate slowly to dryness with the flask immersed in a 59°C. water bath. 
To the residue in the suction flask add 4 ml. of distilled water. Into a suitable size 
test tube (large enough to hold 15 ml. of solution) place 2 ml. of the water extract. 
Add 1 ml. of nitrosonaphthol reagent and l ml. of the nitrous acid reagent. Mix 
well and place the tubes in a 59°C. water bath for 5 minutes. Remove the tubes 
from the water bath and add 10 ml. of ethyl acetate. Mix well and let stand 30 
minutes at room temperature. Pipet approximately 2 ml. of the aqueous solu- 
tion (bottom layer) into a small (12- by 75-mm.) cuvet, and read against a re- 
agent blank in a spec troplio tome tei at 650 in/z. Obtain results from a calibration 
curve. The results obtained from the calibration curve are in milligrams per liter, 
so this must be corrected for the 24-hour volume. 

Calculations.— 


Mg./liter X 24-hour volume 
1000 


= mg./24-hour specimen 


Calibration Curve.-Dilute 2.5, 5, 7.5, 10, 12.5, 15, 17.5, 20, and 22.5 ml. of stock 
5-HIAA standard to 25 ml. with distilled water. These dilute standards represent, 
respectively, 10, 20, 30, 40, 50, 60, 70, 80, and 90 mg. 5-HIAA per liter. Place 2 ml. 
ol the dilute standards in suitable size test tubes and proceed as above, beginning 
with the nitrosonaphthol reagent. In another test tube place 2 ml. of water and 
treat the same as the dilute standards. This will represent the reference blank. 
Read the standards against the icference blank set at 100% transmittance at 650 
nyt. Plot the results obtained on semilog paper. 

Notes.— The normal range is 2 to 9 mg. 5-HIAA per 24-hour specimen. 

Of particular interest to the laboratory are those compounds which cause false positive 
or negative reactions. Those which produce ialse positive reactions are*, aspirin, phetiacetui, 
and Thorazine spanstiles. I he color pioduced b> the first two is stable 3tid that produced 
b> the Thorazine spansules fades in about 1 hour. Assuming an aveiage urine excrelion oi 
1500 ml., approximately 75 grains of aspirin or phenacetin or 1500 mg. of Thorazine 
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spansules would have to be ingested to produce false positive reactions. Thus, the inci- 
dence of false positives should be quite small. rhlnrnromazine 

False negatives, however, are not uncommon. In general, drugs of the chlorpiornazme 

"roti os cause inhibition of the color development. For this reason it is important to 
Include a* control in the determination. If the control shows less color development than' 
die standard*, it mav be assumed that the unknown is inhibited. Among those drugs founcU 
in «ur laboratories to cause inhibition are: Phenergan, Promethazine Hydiochlonde, 
Menhentcmiine Sulfate, Thorazine, Trilafon, Compazine, Pacatal, and Sparine. 

From the fore»oin" it can be seen that the patient should abstain from medications ioi 
7 > hours prior to the collection of urine for the test. The excretion of 5-hydroxyindole- 
acetic acid is not necessarily uniform over a 24-hour period. Therefore, the test should 
be performed on an aliquot of a 24-hour urine collection. 

17 -HYDROXYCORTICOSTEROIDS 

(Urine) 

Procedure .— Specimens to be assayed for 17-hydroxycorticosterokls should be col- 
lected without preservative but refrigerated during collection and storage. 

Reducing sugars, in amounts exceeding 0.25%, will seriously interfere with the 
determination. AU specimens should be tested for reducing sugar; if reducing sugar 
is present, one of the following techniques should be used: 

a. Removal of Urinary Glucose with Yeast.— This method will succeed if glucose 
is the reducing sugar; it is the simpler method and should be tried first. 

Weigh about 1 g. of yeast. Wash twice with 5 ml. of water and discard the water 
each time after centrifuging briefly. Suspend yeast in 3 ml. of water, add 2 ml. of 
the suspension to 20 ml. of the urine specimen and incubate until a negative sugar 
test is obtained. Centrifuge and use supernatant for the assay. 

b. Extraction of the Steroid Conjugates.— This method has the advantage of re- 
moving all sugars as well as substances interfering with this and other steroid 
methods; it is, however, time consuming. 

Dilute a 15-ml. aliquot of the specimen with 15 ml. of distilled water. Add 15 
g. of ammonium sulfate to the diluted urine and extract the solution four times 
with 25 ml. of an ethanol-ether mixture (1:3), Combine the ethanol-ether phases, 
evaporate to dryness under reduced pressure, ancl dissolve the residue in 15 ml. 
of 0.2% urea solution. 

In order to prevent excessive evaporation, the specimens are kept in ice water 
between manipulations (purification of ether extract). 

Perform the analysis in duplicate on each specimen. Check for the presence of 
sugar. If present, remove with yeast or extract. To a 5-ml. aliquot of specimen 
(use 5 ml. of urea solution, 5.5 ml. after yeast treatment) in a test tube to which a 
polvseal screwcap can be adapted, add 0.25 ml. fresh sodium borohydride solution 
(100 mg. per ml.) and allow the reduction to proceed for at least 1 hour (or over- 
night) in the open tube. Add 5 ml. of glacial acetic acid; after 10 minutes, add 
J*° S- of sodium bismuthate, cap the tube, and shake mechanically in the dark for 
2 hours. (Wrap the test tube rack in dark cloth or enclose in a box.) Add 3 ml. 
of 20% (wt./vol.) sodium metabisulfite and shake for 1 minute. Add 3 ml. 
of concentrated hydrochloric acid, shake the stoppered tube, place in a boiling 
water bath for 12 minutes and allow to cool to room temperature in ice water 
Add 25 ml. of diethylether to each tube and shake mechanically for o minutes- 
aspirate off the aqueous layer. Add 5 ml. of N hydrochloric acid and shake for 
la seconds: cool in ice water and aspirate off the aqueous layer. Add 5 ml. of 5 N 

for l minute; cool in ice water and aspir“e off the 
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Obtain about 15 ml. of oxalated blood, centrifuge at low speed, remove and dts- 
card about 2 ml. of the supernatant plasma, and thoroughly remix the specimen. 
Set up the following dilutions of blood: 


Tube Blood , Saline, 

iVo. ml. ml. 


1 

2 

3 

4 

5 

6 


2 

2 

2 

2 

2 

2 


0 

0.5 

1 

2 

4 

8 


Note.— S aline is 0.85% sodium chloride solution. 


Mix thoroughly and sample, in triplicate, for the determination of iron, oxy- 
hemoglobin, and cyanmethemoglobin. 

Oxyhemoglobin.— Blood is laked in 0.04% ammonium hydroxide and shaken to 
oxygenate die hemoglobin. 

Prepare tubes containing 5.0 ml. of 0.04% ammonium hydroxide. Add 0.02 ml. 
of capillary or oxalated blood, rinsing the pipet at least three times. Stopper; 
shake for 10 seconds. Read in a spectrophotometer at 540 Read equivalent 

hemoglobin from the calibration curve or table. 

Cyanmethemoglobin.— Blood is laked, and the hemoglobin is converted to cyan- 
methemoglobin by the cyanide in the diluting fluid. 

Prepare tubes containing 5.0 ml. of the cyanide reagent. Add 0.02 ml. of capil- 
lary or oxalated blood, rinsing the pipet at least three times. Mix thoroughly and 
let stand for at least 10 minutes before reading. Read in a spectrophotometer, 
wavelength 540 m#i. Read equivalent hemoglobin from the calibration curve or 
table. 

Total Iron in Whole Blood.— The iron is liberated by treating whole blood with 
concentrated sulfuric acid and potassium persulfate. The protein is precipitated, 
and the iron concentration in the protein-free filtrate is measured by means of the 
thiocyanate reaction. The concentration of hemoglobin in the specimen is then 
calculated according to tire following formula: 


Hemoglobin, g./lOO ml. 


iron, mg./lOO ml. 
334 


Dilute 10.0 ml. of the stock standard iron solution to 100 ml. in a volumetric 
flask. Mix. Transfer 0, 1.0, 2.0, 3.0, 5.0, 8.0, and 10.0 ml. to cylinders graduated 
at 20 ml. These standards represent 0, 10, 20, 30, 50, 80, and 100 mg. of iron 
per 100 ml. of blood when exactly 100 mg. of iron wire are used in preparing the 
standard. Add 0.4 ml, of concentrated sulfuric acid and dilute each to 20 ml. with 
distilled water. To each cylinder, add 1 ml. of saturated potassium persulfate solu- 
tion and 4 ml. of 3 N potassium thiocyanate solution. Stopper, mix, and read the 
transmittance (T) in a spectrophotometer, wavelength 540 m/i. Construct an iron 
calibration curve on semilogarithmic paper, plotting T against iron concentration. 

Using die six tubes of diluted oxalated blood, determine the iron concentration 
of each specimen as follows: Transfer 0.5 ml. of blood to a dry 50-ml. volumetric 
flask. Add 2 ml. of concentrated sulfuric acid. Mix thoroughly by swirling. Acid 
- ml. of saturated potassium persulfate solution, mix, and dilute to about” 25 ml. 
with distilled water. Add 3 ml. of 10% sodium tungstate solution, mix, cool to 
mom temperature, and dilute to 50 ml. with distilled water. Mix thoroughly by 
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inversion and filter. Transfer 10 ml. of the filtrate to a dry test tube or flask and 
add 10 ml. of distilled water. Add 1 ml. of saturated potassium persulfate and 
4 ml. of 3 *Y potassium thiocyanate. Stopper, mix, and read in the spectrophotom- 
eter, wavelength 540 m /*. Read the equivalent hemoglobin value from the pre- 
viously drawn calibration curve. Read each sample ol oxalated blood as cyan- 
methemoglobin and as oxyhemoglobin. Since the hemoglobin value of each is 
now known, draw a calibration curve for each method, plotting the T reading for 
that method against the known hemoglobin concentration of "-ach sample. Chans 
can be made from the curves. 

PROTEIN BOUND IODINE 

(Serum) 

Reagents .— All water used must be at least doubly distilled and all reagents of 
highest purity. 

0.02 N Ceric Ammonium Sulfate Solution (G. Frederick Smith Chemicals).— Dis- 
solve 25.30 g. of ceric ammonium sulfate in 1 liter of water plus 460 ml. of 7 A 7 
sulfuric acid. When the solution is clear, make it up to 2 litets with water. 

0.1 N Sodium Arsenite Solution.— Dissolve 12.993 g. of sodium arsenite reagent 
grade in 1 liter of water or dissolve 4.947 g. of arsenic trioxide (As 2 0 3 ) reagent 
grade in 25 ml. of 4% sodium hydroxide (1 N) and warm to hasten solution. This 
solution is diluted with about 300 ml. of water and diluted with about 4 ml. of 7 N 
sulfuric acid or until the solution is slightly acid to litmus paper. The solution 
is then made to I liter with water. 

Stock Iodine Solution.— Dissolve 130.8 mg. of potassium iodide reagent grade of 
highest purity, desiccator dried, in I liter of water. This stock solutions contains 
100 Mg- per ml. of iodine. 

Standard Iodine Solution.— (a) Solution containing 0.04 fig. of iodine per milli- 
liter of solution is prepared by diluting 2 ml. of stock solution to 500 ml. with 
water and then diluting 5 ml. of the diluted stock to 50 ml. 

(b) Solution containing 0.01 Mg- of iodine per milliliter of solution is prepared 
by adding 1 ml. of 0.04 Mg- standard with 3 ml. of water. 

Reagent Blank.— To an Erlenmeyer flask, add 8 ml. of zinc sulfate, 8 ml. of 4 N 
sodium carbonate, 16 ml. of 7 N sulfuric acid, 16 ml. of 2 AT hydrochloric acid, 8 
ml. of redistilled water. Mix well. All effervescence must cease before pipetting. 

Procedure .— One milliliter of serum is pipetted into each of two numbered ashing 
tubes (15- by 85-mm. Pyrex test tubes) and diluted with 6 ml. of redistilled water. 
One milliliter of 10% zinc sulfate solution and 1 ml. of 0.5 N sodium hydroxide 
solution are added. The contents of each tube are mixed with a glass stirring rod 
(3 mm. in diameter). Any material adhering to the rod can be removed by wash- 
ing the rod down with distilled water from a wash bottle. The tubes are then 
centrifuged for 10 minutes at 2000 r.p.m. and the supernatant fluid is poured off. 
Seven milliliters of water are added and the precipitated protein is resuspended by 
means of the stirring rods originally used for each tube. Centrifugation is again 
carried out for 10 minutes at 2000 r.p.m. and the supernatant discarded. This 
washing process is repeated two more times, making a total of three washings. 
After the last supernatant has been poured off, 0.5 ml. of 4 N sodium carbonate 
is added to each tube and thoroughly stirred into the precipitate with the same stir- 
ring rods used in the washings. Removal of material dinging to the rods is ac * 
complished by rinsing each rod with an additional 0.5 ml. of 4 N sodium carbonate. 
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(Total volume of NaXO. t is 1.0 ml.) The tubes are then placed in an oven mam- 
umcd at 100X. They are allowed to remain in the oven for a period ol 1- to lb 
horns, or until the contents of the tubes are thoroughly dry. 

The tubes are placed in Pyrex beakers and then in a muffle furnace at 600° ± 
•3X. for at least 2V1> hours ol ashing. After this, the tubes are removed and al- 
lowed to cool. Two'milliliters of 2 N hydrochloric acid are added with caution to 
avoid excessive effervescence. Then 2 ml. of 7 A r sulfuric acid and 3 ml. of dis- 
tilled water are added. The contents of the tubes are stirred with a stirring rod. 
The tubes are then centrifuged for 10 minutes at 2000 r.p.m. to pack any insoluble 
material. For each sample tube, a large cuvet (19 by 105 nun.) is used. To each 
(met, add 5 ml. of distilled water and a 3-ml. alicptot of the supernatant solution 
from the corresponding sample tube. To each cuvet, add 0.5 ml. of 0.1 N sodium 
ar -seuite solution. Mixing is carried out by flapping or twirling the tubes. 

'Thu cuvet and ceric ammonium sulfate in a separate tube are placed in a con- 
stant-temperature water bath maintained at 39° ± 1°C. lor 10 minutes to come to 
temperature equilibrium. Using an Ostwalcl-Folin, blow-out pipet, 1 ml. of ceric 
ammonium sulfate solution is added to each tube at precisely 30- or 60-seconcl inter- 
vals. A stop watch is used to assure accurate timing and the tubes are kept in 
the water bath during the addition of ceric ammonium sulfate. Twenty minutes 
after the ceric solution has been added to the first tube, readings are taken on the 
spectrophotometer at 420 iiim, leaving the same time interval between readings as 
was allowed between additions of the ceric ammonium sulfate. Use water as a 
reference blank. Read per cent transmittance, record readings, average the dupli- 
cates, and calculate. 

Calculations.— Check calibration curve to obtain curve reading for the particular 
per cent transmission. 


Curve reading X -} X 100 = /zg. 100 per ml. 

Calibration Curve.— A blank and three standards (0.01, 0.04, and 0.08 Mg- per ml.) 
aie prepared as follows: 5 ml. of water are actcled to the blank tubes; 4 ml. of water 
and I ml. of 0.01 standard are added to the “0.01” tubes; 4 ml. of water and 1 ml. 
of 0.01 standard solution are added to the “0.04” tubes; and 3 ml. of water and 2 
ml. of 0.01 standard solution are added to the “0.08” tubes. To keep the pH and 
composition of the blank and standards the same as those of the samples, 3 ml. 
of teagent blank are added to each tube. Therefore, all the tubes should contain 
s ml. of solution. Proceeding with the sodium arsenitc step of the main proce- 
Ouic, continue as directed. Plot the per cent transmittance against the iodide 
(OiKcuuation. New solutions require a new curve. 


Notts.— hxucine accuracy and carefulness are necessary in the preparations of all rc- 
uau-.. All glassware must he acid washed and free from contamination. Temperature 
* 1 Mic mullle (tniune should not rise above 025°C. because the glass tuhes will be«in to 
mot. low of iodine occurs above this level. ° 


Normal values: Adults 


tvw HU. 


PC' 1 

I-K M g. per 100 ml. 


Children 

Palos iodine or thvroid extract therapy is discontinued for ten davs to two 
pimr to mav.tng tl, c specimen, these drugs will interfere with true thvroid activity Oh- 
V , , ^ studies employing organic iodine as contrast media (eX. Diodrist i imod-Tl 
etc.) can give lalse high leadings for six months to a year ’after admin U i»' 
.'I 0 * - *' ~ 1 ■ i ‘“- uc almost alwavs traceable to this source. Iodine used for sierili/m 
' c pi eparato! v to venipuncture can also cause false elevation^ sterilizing 
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IRON 

(Serum) 

Reagents. Color Reagents.— Weigh out 100 mg. of bathophenanthroline (G. 
Frederick Smith Chemical Company, Columbus, Ohio; c.p. grade). Add 0.5 ml. 
of iron-free chlorosulfonic acid and heat over the flame of a microburner for 30 
seconds. Cool, carefully add 10.0 ml. of contaminate-free distilled water, and warm 
in a water bath with stirring to dissolve all solid material. Dilute 3.0 ml. of the 
reagent to 100 ml. ivith 45% sodium acetate solution, filter off any insoluble mate- 
rial, and store in glass-stoppered brown bottle. The reagent appears to be stable 
for several months stored in such a bottle. 

Iron Stock Standard.— Weigh out 100 mg. of analytical grade iron wire, dissolve 
in 50% vol./vol. sulfuric acid solution and dilute with water to 1 liter. The sul- 
furic acid should be in excess. 

Iron Working Standards.— Dilute 0.0, 1.0, 2.0, 3.0, and 4.0 ml. of the iron stock 
standard to 100 ml. with distilled water. These correspond to concentrations of 0 
to 400 jig. per 100 ml. 

Procedure .— Pipet one 1.0-mI. sample of serum into a clean, dry, glass-stoppered 
centrifuge tube. Prepare blank for the analyses by substituting 1.0 ml. of contami- 
nate-free distilled water for the serum, 0.5 ml. of contaminate-free distilled water 
for the trichloracetic acid, and proceed as below for serums. Prepare standard by 
pipetting 1.0 ml. of the iron working standard into tube and treat as described for 
the blank samples. 

Add 1.0 ml. of 1 N HC1 to the tube, mix and heat for 5 minutes in a near boiling 
water bath. Cool, and add 0.5 ml. of 10% trichloracetic acid and mix thoroughly 
with a clean glass rod or by vigorously shaking the stoppered container. Centri- 
fuge at 3500 to 4000 r.p.m. for 15 minutes. Pipet 1 ml. of the clear supernatant 
solution into a dean cuvet (10 by 75 mm.). Add a small spatula tipful (approxi- 
mately 10 mg.) of solid ascorbic acid to each of the cuvets, and mix well. (The 
amount of ascorbic acid added is not critical.) Add 0.2 ml. of bathophenanthroline 
color reagent, and mix well. Read the sample against its appropriately prepared 
blank at 535 millimicrons for die red iron, complex. 

Calculations.— 


Iron jig- per 100 ml. = 


absorbance of unknown X cone, of standard 


absorbance of standard 
Same precautions should be followed here as in the serum copper procedure. 
Note.— Normal values: 50 to 100 /ig. per 100 ml. of serum. 


17-KETOSTEROIDS 

(Urine) 

Reagents. Diethylether, A. R.— Use one-pound tins. Ether containing peroxides 
should not be used for steroid analysis. 

Test: Dissolve a few crystals of potassium iodide in 5 ml. of water, add an equal 
volume of die ether to be tested and shake for 1 minute. If a yellow color develops 
the ether contains peroxides. It is advisable to test any ether tin diat lias been 
open for more than a month before it is used. If satisfactory ether cannot be 
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obtained, purify as follows: Shake with 0.8 AT ferrous sulfate in 0.4 N sulfuric acid 
(3 X 100 ml. per liter) wash with water (2 X 50 P er Eter) an d distill from an 

all-glass still in a fume hood. tonn , 

Methanol, Acetone Free (Merck No. 7168).-Purify as follows: To 1200 ml. of 
methanol add 2 g. of silver nitrate dissolved in 5 ml. of distilled water. Then add 
5 <r. of potassium hydroxide dissolved in 25 ml. of warm methanol (25 ml. 4 N 
methanolic potassium hydroxide if available). Filter the mixture unclei suction 
through a bed of Celite and transfer the filtrate to an all-glass still. Discard the 
first 100 to 150 ml. and collect about 800 ml. of distillate (b.p. 65° ± 1°). 

Ethylene Glycol Monomethyl Ether (“Methyl Cellosolve”) .-Commercial methyl 
Cellosolve (Carbide and Carbon Company, technical grade or Dowanol No. 7, Dow 
Chemical Company) is purified as described for methanol (b.p. 124° ± 1°); reagent 
grade methyl Cellosolve (Merck No. 43713, “Karl Fischer Diluent”) does not have to 
be purified. 

m-Dinitrobenzene.— Dissolve 30 g. of w-dinitrobenzene (Eastman-Kodak No. 99) 
in 250 ml. of methanol (reagent grade, not redistilled) on the steam bath. Add 
30 ml. of 5 N sodium hydroxide and allow the precipitate to stand for 30 minutes. 
Filter the crystalline material on a Buchner funnel, wash with distilled water on 
the funnel until the washes are colorless, and suck dry. Redissolve the crystals in 
150 ml. of redistilled methanol, add 250 ml. of water, and allow the precipitation 
to go to completion in the dark. Filter the crystals and wash as previously; blot 
dry and store in a vacuum desiccator in the dark over calcium chloride. 

m-Dinitrobenzene, 1% Solution.— Prepare a 1% solution of purified m-dinitro- 
benzene in purified methyl Cellosolve (wt./vol.). Store in a dark bottle; keep in 
the refrigerator when not in use. 

Potassium Hydroxide, A. R.— A low carbonate content is preferable. 

Methanolic Potassium Hydroxide.— 4.0 =5= 0.15 AT. Prepare 60 ml. of reagent as 
follows: Measure 60 ml. of purified methanol into a 125-ml. Erlenmeyer flask con- 
taining a small magnetic stirring bar and weigh the flask roughly on a trip balance. 
Add 17 g. of potassium hydroxide pellets directly into the flask and stir to dissolve 
the pellets. Filter under suction through Whatman No. 50 filter paper, measure 
the clear filtrate, and store in a polyethylene bottle. Dilute a 2-ml. aliquot with 
18 ml. of distilled water and titrate against normal oxalic acid using phenolphtha- 
lein as an indicator. Adjust the normality if necessary. 

Standard.— Androsterone is the preferable standard, but dehydroepiandrosterone 
may be substituted if androsterone from Sigma Chemical Company is not available. 

Stock Solution .— The stock solution contains 2.5 mg. per ml. in redistilled meth- 
anol and is stored in the freezing unit of the refrigerator. 

Working Standard — The working standard contains 100 ^g. per ml. and is made 
by 2:50 dilution of the stock solution with redistilled methanol; it is kept in tire 
refrigerator and allowed to come to room temperature before use. 

Procedure.-Specimens to be assayed for 17-ketosteroids should be collected with- 
out preservative but refrigerated during collection and storage. Specimens pre- 
served with hydrochloric acid (15-ml. concentrated acid per liter specimens) are 
adequate for 17-ketosteroids, but not for corticosteroid assays. A 30-ml. (1 ounce) 
aliquot is sufficient for ketosteroid analysis. Only alkali- and detergent-free glass- 
ware should come in contact with the color reagent. In order to prevent excessive 
evaporation, the specimens are kept in ice water between manipulations. Manual 
contact with the tubes is kept to a minimum. 
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Perform the analysis in duplicate on each specimen. Pipet a 5-nil. aliquot of the 
specimen into a test tube to which a polyseal screwcap can be adapted. Add I ml. 
of hydrochloric acid and cap the tube. Place in a boiling water bath for 12 minutes, 
then allow to cool to room temperature in ice water. 

Add 25 ml. of diethylether and shake mechanically for 2 minutes; aspirate off 
the aqueous layer. Add 5 ml. of 1 N sodium hydroxide and shake by hand for 15 
seconds; allow the aqueous layer to separate and aspirate it oft. Add 20 to 30 pel- 
lets of sodium hydroxide, stopper tightly, and shake mechanically in a horizontal 
position for 10 minutes. Centrifuge at 1500 r.p.m. for 5 minutes and filter rapidly 
through fluted filter paper into a large, clean test tube. Measure a 10.0-ml. aliquot 
of the filtrate in a pipet and aspirate off the balance of the filtrate. Place the 10.0- 
ml. aliquot back in the test tube and evaporate it to dryness in a 55 c C. water bath. 
Add 0.5 ml. of methanol to the dry residue, bring all of the residue into solution by 
careful rotation of the tube. Evaporate the methanol (specimens, blank, standards) 
to dryness in a boiling water bath. At this time prepare a blank and standards by 
pipetting into large, clean test tubes the following: 


Tube for: 

Working 

Standard 

ml. 

Methanol , 
ml. 

Reagent blank 

— 

0.5 

10 Mg- standard 

0.1 

0.4 

30 ^g. standard 

0.3 

0.2 

50 Mg- standard 

0.5 

— 


Add three parts of 4.0 N methanolic potassium hydroxide to four parts of 1% 
m-dinitrobenzene immediately before use; prepare about 20% in excess of the 
amount needed. Add 0.7 ml. of this reagent mixture to the bottom of each tube 
and allow the color to develop under uniform conditions at room temperature. 
After exactly 1 hour, add 5 ml. of methyl Ccllosolve, and measure die absorbance 
at 440, 520 and BOO m/x (Beckman B or DU) or at 520 m/x (Coleman) against the 
reagent blank. 

Calculations. Beckman B or DU .— Calculate the corrected absorbance: 

A c = 2 A 520 — (A440 Awo) 

Plot A c of die standards on linear graph paper and determine the concentration of 
the specimens C x equals micrograms per 2 ml. of urine from the plot: 

Mg./specimen = \C Z X specimen volume (liters). 

Note,— I f A ii0 is nearly equal to or greater than ^520. { he determination should be 
repeated. 

Coleman .— Plot the per cent transmittance of the standard on semilogarithmic 
paper and determine the concentration of the specimen ( C x ) from that plot: 


Mg./specimen = \C X X specimen volume (liters). 
Notes.— Normal Values (mg. per 24 hours), read at 520. 


Age (Years) 

Less 2 

2-5 

5-10 

10-15 

15-60 

Male 

0.5-1 .5 

1-3 

3-6 

6-15 

10-20 

Female 

. . . .0.5-1. 5 

1-3 

3-6 

5-11 

5-15 
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U'hen read at three wavelengths, the values obtained are about 25% lower, due to elimi- 
nation of contaminants such as 3-, 11-, or 20-ketosteroids. 

The water-soluble conjugates (glucuronides, sulfates) or the major urinary steroids (an- 
iliosicrone etiocholanolone, dehydroepiandrosterone, 1 1 -oxygenated 17-ketosteroids) are 
hydrolyzed with concentrated hydrochloric acid under conditions designed to provide the 
maximal hydrolysis compatible with a minimal destruction of the steroids. 

The low toxicity and the low boiling point of diethylether make it the solvent of 
choice for the extraction of the liberated steroids. Purification of the extract with 1 N 
sodium hydroxide and sodium hydroxide pellets is so elfective that urinary blanks may 
be neglected. 

The ratio of ni -dinitrobenzene to potassium hydroxide is a critical feature of the colon- 



the formation of nonsteroidal Zimmermann chromogens. 

The addition of ethylene glycol monomethyl ether (methyl Cellosolve) to the reacting 
mixture dilutes the KOH sufficiently to stop the reaction. In addition, the solvent dilutes 
the colored mixture to bring it into an optimal range for the determination of absorbance. 

It has been found that if the Beckman DU or B spectrophotometer is employed, the 
absorbance of the mixture should be determined at three wavelengths in order to eliminate 
interfering chromogens such as 3- or 20-ketosteroids and nonsteroidal substances. If the 
Coleman spectrophotometer is used, a determination at one wavelength seems satis- 
factory. 

The specific name brands of reagents are designated because experience has shown that 
they produce the most uniform and constant results. If substitutions are made, there 
may be considerable loss of accuracy and precision. 


LIPASE 

(Serum, Duodenal Contents) 


Reagents. Olive Oil Emulsion.— To 93 ml. of distilled water, add 0.2 g. of 
sodium benzoate and 7 g. of gum arabic (USP). Mix in a blender at low speed 
until dissolved. Slowly add 93 ml. of olive oil (Fisher, Best, USP, Fisher Scientific 
Company, Catalog No. 0-111) and continue mixing with a blender at low speed 
for an additional 3 minutes. Then mix for 5 minutes at high speed. This reagent 
should be stored at 10° to 14°C. Freezing or exposure to excessive heat will de- 
stroy the emulsion. Shake well before using. The reagent is stable for six months 
ami should not be used thereafter. 


Thymolphthalein.— Dissolve I g. in ethanol and dilute to 100 ml. with ethanol. 
Barbiturate Buffer, pH 8.O.— Sodium diethyl barbiturate 0.8583 g. and 0.4183 g. 
of diethyl barbituric acid are dissolved in approximately 90 ml. of hot water. 
After cooling, the solution is transferred to a 100-ml. volumetric flask and diluted 
to the mark with water. Toluene or chloroform (two to three drops) are added as 
pieservative. The reagent is stable at refrigerator temperature. 

Procedure. Serum.-Into each of two test tubes, pipet 2.5 ml. of water, 3.0 ml 
of olive oil emulsion, and 1.0 ml. barbiturate buffer pH 8.0. [The barbiturate buf- 
hi can be replaced by a 0.2 M tris(hydroxymethyl)aminomethane buffer pH 8 0 
Ngma Chemical Company, St. Louis 18, Mo.)]. This buffer has a slightly better 

LTi? paCI f y ! lUlt ieSUltS ‘ n a s!i S htl Y hi S her rate of hydrolysis. The substance 
i d be anhydrous before the sample is weighed for the preparation of the buffer. 

ije dank titration for this buffer is higher than the value for the barbiturate 


° nC °! d !f tW ° tubes ’ L0 mL of serum - Mark this tube “test” and 

101 tube blunk -” Shake both tubes vigorously (at least 5 seconds). Pioet 
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1.0 ml- of scrum into a 50-ml. Erlenmeyer flask. This flask with serum must be 
stored in die refrigerator (4° to IO e C.). Incubate the test and the "blank'* in a 
water bath at 37*C lor 6 hours. (In case of suspected acute pancreatitis, it ij 
recommended that the test be performed in duplicate and that one test be titrated 
after 3 hours of incubation.) An abnormal Ie\el of lipase in serum after 3 hours 
has obvious diagnostic importance. 

Transfer die contents of "blank” into the Erlcnmc>er flask containing the 
scrum. Transfer the contents of "test” tube into a clean 50-ml. Erlenmeyer flask 
Pipct 3.0 ml. of cth)I alcohol, 95%. into the "blank” and "test” tubes, shake, and 
add to respective Erlenmeyer flasks. Add four drops of thymalphihalein indicator 
to the “blank" and "test.” Titrate to a light blue color widi 0.05 .V sodium hy- 
droxide. (The "blank” and “test" should be titrated to the same color intensity.) 
Subtract "blank” value from “test** value. Units of lipase in serum are equivalem 
to milliliters of 0.05 .V sodium hydroxide used to neutralize the liberated free fain 
acid under the conditions of the test. The results ranging up to 1.0 units are con 
sidcrcd to be widiin normal limits. 

Duodenal Contents.— Make a 1:50 dilution of duodenal contents as follows: 1 mL 
duodenal contents is made up to 50 ml. by adding 10 ml. of the buffer and distilled 
water. Proceed as for die serum procedure. 

NoTES.-Units of lipase in duodenal contents are equivalent to 50 X milliliters of 0.20 .Y 
sodium hvdroxide used to neutralize the liberated free fatty acids under the conditions 
of the test. The results ranging up to 267 units are considered to be within nornul 
limits. 

The sample to be analvzcd is refrigerated from the time it is obtained from the patient 
to the time the anlyscs are to be made. Repeated studies have indicated that there ii 
no significant alteration in enzvinc activitv of duodena! contents during a period of 24 
hours, provided the sample is not stronglv acid due to contamination with gastric juke. 
In such cases the results are quite unreliable even though the analvses are made imme- 
diately. 

TOTAL LIPIDS 
(Serum, Plasma, Feces) 

Reagents. Add Molybdate Solution.— Add 83 ml. of concentrated H^SO^ to 
about 400 ml. of water. Dissolve 25 g. of (NH 4 ) 2 Mo0 4 in the acid and then dilate 
to 1 liter. 

^Reducing Agent: l-amino-2naphthoM-suIfonic Acid (0.05%).-Dissohe 29-2 g .«f 
NaHS0 3 and 1 g. of Na«S0 3 in 200 ml. of water. Add 0.2 g. of powdered I -amino- 
2-uaphtlioM-sulfoiiic acid and shake until dissolved. Filter with activated charcoal 
if colored, and keep in a brown bottle. 

Phosphate Standard (10 mg. per 100 ml.).-M.ikc up lo 1 liter with water 
•138 g. Klkl’Oj (dried at 80*C. overnight and cooled in a desiccator). Keep under 
toluene. 

Procedure. Serum and Plasma Total Lipids.-One milliliter of fasting stnun 
or plasma followed by 1 ml. of ethyl alcohol is introduced into a 100-ml. Erlew«)« 
ihsk fitted 'Will a ground-glass stopper or cork rubbed in silicone grease; 20 01 

chloroform and 20 ml. of 10% sulfuric acid are added The mix is shaken « 1 
shaking machine for 30 minutes, li is transferred to a 60 ml. test tube, anti 
centrifuged for 15 minutes at 2000 r.p.m. The aqueous laser is aspirated oil aw 
discarded. Tile protein button is pushed aside and the chloroform lajcr is 
through porous filter paper to dry. A 10-ml. aliquot of the diloroform U)« » 
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nlaced in a weighed 25-ml. Erlenmeyer flask, evaporated to dryness on a steam 
bath, and then dried in a 70°C. oven to constant weight. The beaker is weighed. 

Mg. lipid found X 200 = total lipid (mg. per 100 ml.) 

vote —Total lipids comprise a complex mixture of substances, including neutral fat, 
httv acids cholesterol, phospholipids, and numerous other fatty materials present in 
lesser amounts, such as carotene, vitamins A and D, and steroid hormones. Here we 
are interested in the determination of total lipids, phospholipids (lipid phosphorus), and 
fatty acids. In adults, the total lipid values normally range from 400 to 700 mg. per 
100 ml. In children values range from 300 to 600 mg. per 100 ml. 

Lipid Phosphorus.— 0.5 ml. of the chloroform layer, as extracted above, may be 
evaporated to dryness in a test tube. Add 0.05 ml. of concentrated H 2 S0 4 . Di- 
gest at 120°C. adding 0.1-ml. portions of 30% H 2 0 2 until the carbon ceases to 
form and the solution clears. Make up to 2 ml. Take a 1-ml. aliquot and add 
0.5 ml. of acid molybdate reagent, mix, and then add 0.5 ml. of reducing agent. 
Mix well and allow to stand for 30 minutes. Read in a spectrophotometer at 
660 m/i. Take 0.1 ml. of distilled water for the blank and 0.1 ml. of 10 mg. per 
100 ml. standard and treat both as for the unknown. 


Absorbance of the unknown 
Absorbance of the standard 


X 7.5 = mg. of lipid phosphorus per 100 ml. of serum. 


Note.— Normally, plasma or serum contains 9 to 10 mg. of lipid phosphorus per 100 ml. 
of serum. 


Fatty Acid Determination.~The residue in the Erlenmeyer flask from the total 
lipid determination is dissolved in 2 ml. of 1% alcoholic KOH and heated on a 
steam bath for 15 minutes. Three milliliters of water are added and the solution 
is acidified to congo red paper by drop-by-drop addition of concentrated HC1; 
15 ml. of petroleum ether (b.p. 60°C.) are added, and the mixture is shaken for 20 
minutes on the Kahn shaker. Decant the solution into a small separatory funnel, 
wash in with 5 ml. of water and discard the lower layer. Wash the petroleum 
ether layer twice with 5-ml. portions of water. Filter the petroleum ether layer 
through filter paper into a small beaker to dry, and wash through with 5 ml. of 
petroleum ether. Evaporate the petroleum ether to dryness, pick up the residue 
in 2 ml. of ethanol, and titrate with 0.50 N KOH, using phenolphthalein as an 
indicator. Titration will be of the order of 1 ml., and an ultra-microburet is used. 

Titrate 2 ml. of ethanol as the blank, to be subtracted from the titration of the 
unknown. 


Ml. titration (corrected for blank) X 750 = milliquivalents per liter of fatty acid 

Milliequivalents per liter X 27.7 = mg. fatty acid per 100 ml. 

aVe H” e molecular n wei S h ! of 277 > the approximate normal range 
centrations of fatty acids in serum is 200 to 450 mg. per 100 ml. 8 

Feces the sample in a glass container in a 60° to 70°C. oven overnight 

into i i '?° f Ve t0 l m0n ^’, and § rind with the P estle ‘ ^igh a 500-mg. aliquot 
ether (b D n! eSt *5** ^ 5 mL of 1 N HC1 and 5 ^ of a 1:1 petroleum 
ethyl akohol r , t y dieth ? lether soluti °n. Add one drop of 95% 
lion i n the v u C ° r t , , slhcone . § reased coppers. Shake in a horizontal posi- 

a n s aker for 25 minutes. Centrifuge and aspirate as much of the 
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1.0 ml. of serum into a 50-ml. Erlenmeyer flask. This flask with serum must be 
stored in the refrigerator (4° to 10°C.). Incubate the “test" and the "blank" in a 
water bath at 37 e C. for 6 hours. (In case of suspected acute pancieatitis, it is 
recommended that the test be performed in duplicate and that one test be titrated 
after 3 hours of incubation.) An abnormal level of lipase in serum after 3 hours 
has obvious diagnostic importance. 

Transfer the contents of “blank” into the Erlenmeyer flask containing die 
serum. Transfer the contents of "test” tube into a clean 50-ml. Erlenmeyer flask. 
Pipct 3.0 ml. of ethyl alcohol, 95%, into the "blank” and "test” tubes, shake, and 
add to respective Erlenmeyer flasks. Add four drops of thymolpluhalein indicator 
to die “blank” and “test.” Titrate to a light blue color with 0.05 N sodium hy- 
droxide. (The “blank” and “test” should be titrated to the same color intensity,) 
Subtract “blank” value from “test” value. Units of lipase in serum are equivalent 
to milliliters of 0.05 N sodium hydroxide used to neutralize the liberated free fatty 
acid under the conditions of lire test. The results ranging up to 1.0 units are con- 
sidered to be within normal limits. 

Duodenal Contents.— Make a 1:50 dilution of duodenal contents as follows: 1 ml. 
duodenal contents is made up to 50 ml. by adding 10 ml. of the bulfer and distilled 
water. Proceed as for the serum procedure. 

Notes.— Units of lipase in duodenal contents are equivalent to 50 X milliliters of 0.20 N 
sodium h)droxide used to neutralize the liberated fiee fatty acids under the conditions 
of the test. The results ranging up to 267 units are considered to be within normal 
limits. 

The sample to be analyzed is refrigerated from the time it is obtained from the patient 
to the time the anlyscs are to be made. Repeated studies hare indicated that there is 
no significant alteration in enzyme activity of duodenal contents during a period of 24 
hours, provided the sample is not strongly acid due to contamination with gastiic juice. 
In such cases the results are quite unreliable even though the analyses are made imme- 
diately. 


TOTAL LIPIDS 
(Scrum, Plasma, Feces) 

Reagents. Acid Molybdate Solution.— Add 83 ml. of concentrated HoS0 4 to 
about 400 ml. of water. Dissolve 25 g. of (NH 4 ) 2 Mo0 4 in the acid and then dilute 
to 1 liter. 

Reducing Agent: l-amino-2-naphthoI-4-sulfonic Acid (0.05%).— Dissolve 29.2 g. <>f 
NaHSO s and 1 g. of Na 2 S0 3 in 200 ml. of water. Add 0.2 g. of powdered 1-amiho- 
2-naphthoM-sulfonic acid and shake until dissolved. Filter with activated charcoal 
if colored, and keep in a brown bottle. 

Phosphate Standard (10 mg. per 100 ml.).— Make up to 1 liter with water 
•138 g. KHjjPOj (dried at 80°C. overnight and cooled in a dcsiccutoi). Keep under 
toluene. 

Procedure. Scrum and Plasma Total Lipids.— One milliliter of fasting serum 
or plasma followed by 1 ml. of ethyl alcohol is introduced into a 100-mi. Erlenmeyer 
flask fitted with a ground-glass stopper or cork rubbed in silicone grease; 20 ml. °f 
chloroform and 20 ml. of 10% sulfuric acid are added. The mix is shaken in a 
shaking machine for 30 minutes. It is transferred to a 60-ml. test tube, and then 
centrifuged for 15 minutes at 2000 r.p.m. The aqueous layer is aspirated oil and 
discarded. The protein button is pushed aside and the chloroform layer is passed 
through porous filter paper to dry. A 10-ml. aliquot of the chloroform layer is 
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placed in 
bath, and 


a weighed 25-ml. Erlenmeyer flask, evaporated to dryness on a steam 
then dried in a 70°C. oven to constant weight. The beaker is weighed. 


Mg. lipid found X 200 = total lipid (mg. per 100 ml.) 

Vorr -Total lipids comprise a complex mixture of substances, including neutral fat, 
huv acids cholesterol, phospholipids, and numerous other fatty materials present in 
, cr amounts, such as carotene, vitamins A and D, and steroid hormones. Here we 
‘ interested in the determination of total lipids, phospholipids (lipid phosphorus), and 
fattv adds. In adults, the total lipid values normally range from -100 to 700 mg. per 
100 ml. In children values range from 300 to 600 mg. per 100 ml. 


Lipid Phosphorus.-0.5 ml. of the chloroform layer, as extracted above, may be 
evaporated to dryness in a test tube. Add 0.05 ml. of concentrated ELSC^. Di- 
gest at 120°C. adding 0.1-ml. portions of 30% H 2 CX until the carbon ceases to 
form and the solution clears. Make up to 2 ml. Take a 1-ml. aliquot and add 
0.5 ml. of acid molybdate reagent, mix, and then add 0.5 ml. of reducing agent. 
Mix well and allow to stand for 30 minutes. Read in a spectrophotometer at 
660 nip. Take 0.1 ml. of distilled water for die blank and 0.1 ml. of 10 mg. per 
100 ml. standard and treat both as for the unknown. 


Absorbance of the unknown 
Absorbance of the standard 


X 7.5 = mg. of lipid phosphorus per 100 ml. of serum. 


Note.— Normally, plasma or serum contains 9 to 10 mg. of lipid phosphorus per 100 ml. 
of serum. 


Fatly Acid Determination.— The residue in the Erlenmeyer flask from the total 
lipid determination is dissolved in 2 ml. of 1% alcoholic KOH and heated on a 
steam bath for 15 minutes. Three milliliters of water are added and the solution 
b acidified to congo red paper by drop-by-drop addition of concentrated HC1; 
15 ml. of petroleum ether (b.p. 60°C.) are added, and the mixture is shaken for 20 
minutes on the Kahn shaker. Decant the solution into a small separatory funnel, 
wash in with 5 ml. of water and discard the lower layer. Wash the petroleum 
ether layer twice with 5-ml. portions of water. Filter the petroleum ether layer 
tlttough filter paper into a small beaker to dry, and wash through with 5 ml. of 
petroleum ether. Evaporate the petroleum ether to dryness, pick up the residue 
in 2 ml. of ethanol, and titrate with 0.50 N KOH, using phenolphthalein as an 
indicator. Titration will be of the order of 1 ml., and an ultra-microburet is used. 

litrate 2 ml. of ethanol as the blank, to be subtracted from the titration of the 
unknown. 


Ml. titration (corrected for blank) X 750 = milliquivalents per liter of fatty acid 

Milliequivalents per liter X 27.7 = mg. fatty acid per 100 ml. 

au avcra S e molecular weight of 277, the approximate normal ran<m 
w c “n«nlrations of fatty acids in serum is 200 to -150 mg. per 100 ml. S 

m *r"’p 1M:UC the sample iu a S lass container in a 60° to 70°C. oven overnight 
■ • Remove to a mortar, and grind with the pestle. Weigh a 500-mg. aliquot 

Z*7L“* “tV\ dd 5 mL of 1 Y «a and 5 ml. °„f a 1:1 £JLn 
<fel C. -lat.free diethylelher solution. Add one drop ol 95% 

don i« u'Lhu i \ Sll ‘ COne . greased slo PP ers - Shake in a horizontal post- 
Kahn shaker for 2o minutes. Centrifuge and aspirate as much of the 
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top layer as possible into a 25-ml. weighed Erlcnmeyer flask. Add 5 ml. of pe- 
troleum ether-ether solution to the residue in the test tube. Cork and shake by 
hand. Centrifuge again and transfer the supernatant into a weighed Erlenraeyer 
flask. 

Esaporate the solution to dryness on a steam bath or I00 e C. air bath. Weigh 
the flask with die lipid. 

(Wt. flask -f* fat) — (wt. flask empty) = mg. fat/500 mg. stool 

Mg. lipid in 500 mg. stool „ 

— — - % fat in stool 

If free fatty acid content is desired, dissolve the lipid residue in 10 ml. of 95% 
ethanol. Heat the flask on a steam bath to help the dissolving. While hot, add 
one drop of phenolphthalein and titrate with 0.1 AT NaOH. The calculations 
then become 


Ml. titration X normalitv of alkali X 268 X 100 


Wt. of lipid in mg. 

268 being the average molecular weight of stool fatty acids. 


= % fatty acids of total lipids 


Notes.— Values in normal adults on an unrestricted diet do not exceed 17% of the 
stool's dry weight. Most commonly, values are below' 10%. In infants, \alues less than 
20% arc considered normal. Approximate!) 75 to 90% of the fecal fat is free fait) acid 
or soap. In this pioccdure, the soap is comcrted to free fatty acid. 


METHEMOGLOBIN 

(Whole Blood) 

Ucagenls. Phosphate Buffer, 0.066 . . . M (pH 6.6).— Dissolve 9 g. of Na-jHPO^ 
12Hj,0 and 5.7 g. of anhydrous KH 2 P0 4 in distilled water and dilute to a volume 
of I liter. To prepare 0.0166 . . . M buffer (pH 6.6), dilute 1 volume of the 0.066 
. . . M solution with 3 volumes of distilled water. 

Neutralized Sodium Cyanide,— Add 1 volume of 12% acetic acid (12 ml. of 
glacial to 100 ml, with distilled water) to 1 volume of 1Q% sodium cyanide. The 
reagent should be prepared in a hood, adding the acid to the cyanide. The solu- 
tion should he used within an hour after preparation and dispensed from a 
dropper bottle. 

Procedure.— Add 0.1 ml. of capillary or of oxalated venous blood collected under 
oil to 10 ml. of 0.0166 . . . M phosphate buffer. Mix and let stand 5 minutes. 
Read absorbance at 635 mu, using distilled water as the blank. Absorbance reading 
is D v Add one drop of neutral sodium cyanide. Mix and let stand 2 minutes. 
Read at 635 m^. Absorbance reading is D.,. 

{Di — D s ) X F m = g. of mcthemoglobin per 100 ml. of blood. 

Determination of F ni .— No. 1 tube (unknown): 9.9 ml. 0.0166 . . • M phosphate 
buffer + 0.1 ml. 5% potassium ferricyanide solution. No. 2 tube (blank): 10 ml. 
0.0166 . . . ill phosphate buifer + 0.1 ml. 5% potassium ferricyanide solution. 
Add 0.1 ml. of blood to the unknown. The hemoglobin concentration of this 
blood should be determined by the Wong iron method (p. 1098). Mix and allow to 
stand 2 minutes. Read D v at 635 him using distilled water as the blank. After r ca< h 
ing, add chic drop of neutralized sodium cyanide to l>oth unknown and bunk. 
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Mix, let stand 2 minutes, and read again at 6S5 setting the absorbance at 0 
with the blank. Reading is D 2 . 

_ Hgb., g. per 100 ml. 
t<m ~ D l - D 2 


TOTAL NONPROTEIN NITROGEN (N.P.N.) 

(Whole Blood) 

Reasents. Digestion Mixture—Prepare selenium dioxide from selenium by 
heating selenium to dryness in an evaporating dish with a 1:1 mixture of nitric 
acid and distilled water. When dry, add water and heat to dryness again. Con- 
tinue additions of acid and evaporations until only the white crystals of Se0 2 
are present, with no trace of free selenium (black color). Protect Se0 2 fiom mois- 
ture or it will turn pink. If this happens, add a little dilute nitric acid and 
again evaporate to dryness. Dissolve 1 g. of copper sulfate and 1 g. of selenium 
dioxide in distilled water. Dilute to 50 ml. with water. Add 150 ml. of concen- 
trated sulfuric acid and 50 ml. of 85% phosphoric acid. For use, dilute about 
150 ml. of the acid mixture with 100 ml. of distilled water. The diluted reagent 
must be balanced against previously titrated Nessler’s reagent. Ten milliliters of 
a 1:10 dilution should be neutralized by 9 to 9.3 ml. of Nessler’s reagent, with 
phenolphthalein being used as an indicator. Adjust the digestion mixture by ad- 
dition of undiluted acid mixture or water as necessary. 

Mercuric Potassium Iodide Solution (Nessler’s Stock Solution).— Transfer to a 
Florence flask 150 g. of potassium iodide and 100 g. of iodine. Add 100 ml. of 
water and 140 to 150 g. of metallic mercury. Shake the flask continuously and 
vigorously for from 7 to 15 minutes, or until nearly all of the dissolved iodine 
has disappeared. The solution will become hot. When the red solution of iodine 
becomes visibly pale, cool in running water and continue the shaking until the 
red color of the iodine has been replaced by the greenish-yellow, color of the 
double iodide. Do not cool the solution too soon. Separate the solution from the 
surplus mercury by decantation and by washing with liberal quantities of distilled 


water. Dilute the solution and washings to a volume of 2 liters. 

Nessler’s Working Solution.— To 1400 ml. of 10% sodium hydroxide add 300 
ml. of mercuric potassium iodide solution and 300 ml. of distilled water. Mix. 


Nessler’s solution must be titrated against 1 N hydrochloric acid using phenol- 
phthalein as an indicator: 20 ml. of 1 N hydrochloric acid should be neutralized 
by 11 to 11.5 ml. of Nessler’s reagent. If the Nessler’s reagent is too alkaline 
(i.e., less than 11 ml. when used in the titration), water can be added to the solu- 
tion to adjust it to the proper pH. 

Gum Ghatti Solution.— Place 20 g. of gum ghatti on a copper screen and sus- 
pend in a 1000-ml. cylinder of distilled water just below the surface of the water. 
Allow to stand 18 to 24 hours. Remove screen and filter through a towel. Add 
1 g. of mercuric chloride. Keep in refrigerator. 

Standard Ammonium Sulfate Solution.— Ammonium sulfate, c.p., special pyri- 
dine-free, should be dried more than one-half hour at 110°C. and then allowed 
to cool for 20 minutes in a desiccator. Weigh on an analytical balance 0.4716 a. 
as i into a beaker to dissolve. Then wash into a liter volumetric flask. Add 
m . concentrated, c.p. hydrochloric acid and dilute to mark with distilled water 
tvtep in a well-stoppered bottle. One milliliter equals 0.1 mg. of nitrogen 

10 7°^::% KP r P r0tein * ee fi , ltrate b * addin S 1 volume ° £ Wood or serum 
1 ot ' ,ater; *0" add 1 volume o£ 0.66 N H„SO„ mix, and alio™ to turn 
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dark brown; finally, add 1 volume, of 10% (wt./vol.) sodium tungstate, mix, allow 
to stand 2 minutes, and filter. Transfer 5 ml. of protein-free filtrate to a 
Pyrex tube graduated at 35 and 50 ml. (N.P.N. tube). Add I ml. of digestion 
mixture and 3 or 4 glass beads. Boil vigorously over a microburner until mix- 
tuie turns brown and fumes appear. Boil until color disappears. Remove from 
flame and cool to room temperature. Add a few milliliters of distilled water. 
Add 1 ml. of gum ghatti. Dilute to the 35-ml. mark on tube with distilled water. 
Mix. Prepare a blank as follows: Place 1 ml. of digestion mixture in an N.P.N. 
tube; add 1 ml. of gum ghatti, and dilute to the 35-ml. mark with water and mix. 
Add to the unknown and blank, 15 ml. of Nessler's solution. Add quickly by 
blowing the Nessler's solution into the center of the mixture in the tube. Insert 
rubber stopper and mix. Let stand 10 minutes after Nesslerizatiori. Centrifuge 
unknown and blank for 2 minutes. Read in a spectrophotometer at a wavelength 
of 480 mji in cuvets (19 by 150 mm.). 

Repeat if test is cloudy after centrifuging. (Cloudiness may be due to improp- 
erly prepared solutions, especially an improper amount of alkali in Nessler’s solu- 
tion.) Repeat if a yellow or orange precipitate results after centrifuging. The 
precipitate should be colorless. An excess of tungstic or sulfuric acid will cause 
a yellow precipitate during digestion. Nessler’s reagent should be added quickly 
without allowing it to run down die sides of die tube. The contents of the tube 
should be mixed first before NessJerizaiion. 

Calculations.— Obtain N.P.N. values in mg. per 100 ml. from calibration curve. If 
nonprotein nitrogen reads above 60 mg. per 100 ml., repeat on filtrate aliquots of 
2 ml. or I ml. and multiply results by appropriate factors (2.5 if 2 ml. are used, 5 
if I ml. is used). 

Calibration Curve.— Place 1 ml. (20 mg. per 100 ml.), 1.5 ml. (30 mg. per 100 ml.), 
2 ml. (40 mg. per 100 ml.), and 3 ml. (60 mg. per 100 ml.) of ammonium sulfate 
standard solution in each of 4 N.P.N. tubes. Add 1 ml. of digestion mixture to 
each. Add 1 ml. of gum ghatti to each. Dilute to the 35-ml. mark with distilled 
water. Mix. 

Prepare a blank as follows: Place ] ml. of digestion mixture in an N.P.N. tube; 
add 1 ml. of gum ghatti; dilute to the 35-ml. mark with water and mix. Blow 
15 ml. of Nessler’s solution into each mixture. Mix well and let stand 10 min- 
utes. Read each dilution within 20 minutes after Nesslerization in the spectro- 
photometer, using cuvets (19 by 150 mm.) and a wavelength of 480 him. with the 
blank set at 100 per cent transmittance. Repeat several times on new dilutions, 
and plot average readings on semilogarithmic paper against corresponding values in 
nig. per 100 ml. of nonprotein nitrogen. 

T N OTis.— Normal values: 25 to 40 mg. per 100 ml. of blood. In normal blood the 
N.P.N, or the cells is about 50% higher than in plasma, but in retention the two ap- 
piovimate. Whole blood should be used in the determination. Blood obtained after a 
mcjl will give results 5 to 10 mg. higher than fasting blood. N.P.N. includes all niuogen 
left after pt capital ion of ptoteiu constituents of the blood. It includes urea, uric aciu, 
creatinine, ammonia, amino acids, and other nitrogenous substances (“rest N"). 

BLOOD pH 

(Whole Blood) 

The Metrohm blood electrode is suited to measure the pH of blood, by pressing 
the blood directly from a syringe or sucking directly from a vacuum tube into 
the electrode. A water jacket permits connection to a circulating thermostat. 
The liquid to be measured reaches the measuring temperature of 37*C. withm a 
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few seconds. The electrode is suited for the pH range 1 to 9 at temperatures 
varying from +15° to -f-55°C. The minimum .volume of liquid required is 0.5 ml. 

In die following paragraphs are listed certain precautions. These precautions 
must be stringently adhered to in order that the procedure may be followed with 
ease and accuracy. 

The procedure used in the drawing of the blood sample is of great importance. 
Ideally there is no substitute for arterial blood. For routine evaluation of all 
clinical problems, venous blood, when drawn properly, is extremely useful. The 
tourniquet is applied lightly, the patient is instructed NOT to flex or squeeze 
the fiiwers; and the venous blood is obtained with a vacuum blood tube contain- 
ing heparin. The pH value should be measured within one-half hour. The 
pH of whole blood will change approximately 0.01 pH units every 10 minutes at 
37°C. At 27°C. the change is approximately 0.005 pH units every 10 minutes. 
If the pH cannot be measured within one-half hour, the blood should be kept in 
ice water. Under these circumstances, the blood will keep as long as 4 hours. 

Mineral oil should never be used. All electrodes should be thoroughly rinsed 
with, physiological saline after each blood pH measurement. After completing a 
series of measurements, the electrode should be washed with a detergent such as 1% 
Alconox or Triton X-100. Cleanliness is of greatest importance. Platelet clumps 
can be avoided by taking the sample below the surface of the blood and away 
from the walls of the blood tubes. 

For the most precise work and for all pulmonary function work,. pH should be 
measured at the subject’s body temperature. However, for routine clinical screen- 
ing, die use of a fixed temperature between 37°C. and 38°C. for all samples is 
satisfactory. The meter and the circulating thermostat must be connected to- 
gether to a true ground. The tip of the reference electrode should be covered 
and the side plugged when not in use. The glass electrode should never be 
allowed to dry out. Keep filled with physiologic saline between determinations. 

Reagents. Standard Acetate Buffer— pH 4.165 at 37°C. 

PNP Buffer— pH 6.975 at 37°C. (0.04 M p-nitrophenol and 0.40 M sodium 
p-nitrophenolate). 

Procedure .—' The instrument consists of a combination of Haake’s thermostat 


type “F” water bath, a Metrohm Blood Measuring Chain EA 520, and an ex- 
panded scale pH meter. 


Turn on water bath and allow to come to body temperature, which requires 
5 to 10 minutes. Beaker EA 753 is filled with gel type KC1 solution. The refer- 
ence electrode is filled above the mercury with saturated solution of KC1 and is 
left unplugged during the measui'ements. 

With the stopcock in position 1, an appropriate buffer near the usual pH 
of blood is drawn into the electrode until the liquid is seen above the electrode 
chamber. The position of the stopcock is then changed to 2. The capillary elec- 
trode is lifted and placed in intermediate vessel EA-753. The pH meter is ad- 




interm ainst Ae standard buffer. The tip of the electrode is lifted from the 

passed duo? rf ! h , ^ StopC ° Ck in P osition 3 > physiological saline is 
passed through die electrode to rinse it out by closing the hole on ton of the 

mg ottle with the finger and squeezing the bottle. Widr the stopcock in 
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position I, the tip of the electrode is placed below the surface of the blood 
in the blood tube and a sample of blood is drawn to the same level as the 
previous buffer. The stopcock is then turned to position 2. The capillary elec- 
trode is lifted and placed so that the tip of the electrode is in intermediate 
vessel EA 753. The tip of the reference electrode should be checked to see if 
it is in place in the intermediate vessel EA 753. A reading is then taken. This 
leading should follow within 1 minute the reading of the buffer. The capillary 
electrode is lifted and placed so that the tip of the electrode is out of the inter- 
mediate vessel. The electrode is rinsed, as above, with physiological saline from 
the rinse bottle. The electrode is cleaned by applying a squeeze bottle containing 
1% solution of Triton X-100 to the outlet tube and squeezing a small quantity of 
this solution through the electrode. The electrode is again rinsed with physiological 
saline and then filled with the same solution. The instrument is ready for next 
determination. 

Note.— Normal values: 7.36 to 7.-10. 

ALKALINE AND ACID PHOSPHATASE 

(Serum) 

Reagents. Stock Phenol Reagent.— Dissolve 100 g. of sodium tungstate (Na a - 
W0 4 -2H 2 0) and 25 g. of sodium molybdate (Na 2 Mo0 4 *2H 2 0) in 700 ml. of water 
in a 1500-ml. round-bottomed flask. Add 50 ml. of 85% phosphoric acid and 100 
ml. of concentrated hydrochloric acid. Mix thoroughly. Fit a reflux condenser 
to tlie flask by means of a rubber stopper or cork wrapped in tin foil, or, prefer- 
ably, use standard-taper all-glass joints. Boil the solution gently for 10 hours. 
Remove the condenser, add 150 g. of lithium sulfate (Li 2 S0 4 ), and wash down 
with 50 ml. of water. After solution is complete, add 5 to 10 drops of liquid 
bromine, and boil for 15 minutes to remove the excess bromine. The solution 
should be clear and golden yellow in appearance. If it shows a greenish tint, 
repeat the treatment with bromine. Cool the solution to room temperature, di- 
lute to 1 liter, and filter if necessary through glass wool into a glass-stoppered 
brown bottle. This reagent is stable for several months. 

Dilute Phenol Reagent.— Dilute 1 volume of stock phenol reagent with 2 \ol- 
umes of distilled water. This solution is reasonably stable when stored in a dark- 
brown bottle. Discard when a greenish lint becomes noticeable. 

Substrate: 0.01 *1/ Disodium Phenyl Phosphate.— Dissolve 2.18 g. of reagent grade 
disodium monophenyl phosphate in 1 liter of distilled water. Sterilize the solution 
by bringing u quickly to the boiling point. Then cool it immediately, add a 
few drops of chloroform, and store in the refrigerator. 

Alkaline Buffer: 0.06 M Na 2 C0 3 , 0.04 M NaHC0 3 .-DissoIve 6.36 g. of anhy- 
drous sodium carbonate and 3.36 g. of sodium bicarbonate in approximately 500 
ml. of distilled water contained in a 1-liter volumetric flask. Dilute to mark and 
mix. Store in a refrigerator. The pH of this solution should he 10.0. 

Acid Buffer: 0.176 A/ Disodium Citrate, 0.024 M Monosodium Citrate.— Diwohe 
21.0 g. of reagent grade citric acid monohydrate, crystalline, in 200 ml. of dis- 
tilled water contained in a 500-ml. volumetric flask. Add 188 ml. of standardized 
1 *V sodium hydroxide, and dilute to volume. The pH of this solution should 
be 4.9. Check potentiometrically and adjust if necessary by the addition of either 
0.1 AT sodium hydroxide or 0.1 N hydrochloric acid. Add a few drops of chlorO' 
form and store in the refrigerator. 
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Buffered Alkaline Substrate.-Mix 500 ml. of disodium phenyl phosphate with 
500 ml. of alkaline buffer. Store in refrigerator. . , OKn , 

Buffered Acid Substrate.-Mix 250 ml. of disodium phenyl phosphate with 250 ml. 

of acid buffer. Store in refrigerator. 

Phenol Stock Standard, 1 mg. per ml.-Transfer approximately 1.2 g. of re- 
cent made crystalline phenol to a 1-liter volumetric flask and dissolve in approxi- 
mately 200 ml. of 0.1 N hydrochloric acid. Dilute to volume with 0.1 N hydro- 


chloric acid. . r .. , . , 

Standardization.— Standardize by titration 0.1 N solutions of sodium thiosul- 
fate ( 9 5 0 «■ of Na.>S.>0 H -5H«0 per liter) and of iodine (prepared by diluting a 
solution containing” 25 g. of pure KI, 25 ml. of water, and 12.7 g- of resublimed 
iodine to 1 liter). The 0.1 N solution of potassium biiodate (3.250 g. of reagent 
«rade KH(10g)o per liter) is used to standardize the 0.1 N thiosulfate. Then the 
thiosulfate is used to standardize the 0.1 N iodine solution. 

Immediately prior to titration of biiodate with thiosulfate, iodine is liberated 
from die standard solution by transferring 25 ml. to a solution prepared by adding 
5 ml. of 6 N hydrochloric acid to a solution of 2 g. of pure potassium iodide in 


3 ml. of water. 

To standardize the phenol stock solution, accurately transfer 25 ml. of the solu- 
tion to a 250-ml. glass-stoppered Erlenmeyer flask, add 50 ml. of 0.1 N sodium 
hydroxide solution (4.0 g. per liter) and heat to 65°C. Add 25 ml. of 0.1 N iodine 
and mix. Stopper the flask and allow to stand at room temperature for 45 min- 
utes. Add 5 ml. of concentrated hydrochloric acid, and titrate the excess iodine 
with 0.1 A 1 sodium thiosulfate, using 1 ml. of 1% starch as indicator. 

Calculation.— 


Mg. phenol per 25 ml. = 1.568 X (ml. 0.1 N I 2 — ml. 0.1 AT Na 2 S 2 0 3 used) 

If more than 25 mg. of phenol is found in 25 ml., adjust to this concentration by 
suitable dilution with 0.1 A r hydrochloric acid. This solution keeps indefinitely at 
refrigerator temperature. 

Dilute Phenol Standard, 0.05 mg. per ml.— Transfer 5 ml. of the phenol stock 
standard to a 100-ml. volumetric flask, and dilute to volume with distilled water. 
Store in refrigerator. This solution may be kept one month. 

Procedure. Alkaline Phosphatase.— Transfer 4 ml. of buffered alkaline sub- 
strate to each of two test tubes (5 by % in.) labeled A and B and allow the solu- 
tions to warm for 3 minutes in a water bath regulated at 37°C. Add 0.2 ml. of 
serum (or plasma) to tube A, mix at once and allow both tubes to remain in the 
waiter bath. Exactly 15 minutes after the addition of serum to tube A, pipet 2 
ml. of dilute phenol reagent into each tube, and mix well. Add 0.2 ml. of serum 
to tube B, mix again, and centrifuge both tubes. 

l'o prepare the standard, measure 1 ml. of dilute phenol standard into a test 
tube. Add 3.2 ml. of distilled water and 2 ml. of dilute phenol reagent and mix. 

To prepare the reagent blank, add 2 ml. of dilute phenol reagent to a tube 
containing 4 ml. of distilled water and mix. 

Add 2 ml. of dear supernatant solution, 2 ml. of prepared standard, and 2 ml 

of reagent blank to appropriately labeled tubes. To each tube add 8 ml of 6°/ 

, ! m carbonate > mix weU, and allow to stand 20 minutes for complete color 
development. 1 

Measure the resulting blue colors in a suitable spectrophotometer at 660 m^ 
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(red). With instruments calibrated in terms of absorbance (optical density) pour 
die reagent blank into a suitable cuvet, and adjust absorbance reading to zero 
against this solution. Record readings of the standard and of solutions A and B. 
Subtract reading of solution B from that of solution A. 

Calculation.— 

K.A.U. per 100 ml. = 0.0161 X — — X || X ^2 

K.A.U. per 100 ml. = 25.0 X — ■ ~ R - 

where K.A.U. — alkaline phosphatase expressed as King-Armstrong Units 
0.0161 — milligrams of phenol in final standard solution 
R a = absorbance reading of solution A 
Rb — absorbance reading of solution B 
R t = absorbance reading of phenol standard 

6.2 = combined volume of serum plus buffered substrate plus dilute phenol 
reagent 

2.0 = aliquot portions of this solution taken for color development 
0.2 = volume of serum taken for analysis 

Acid Phosphatase.— Transfer 4 ml. of buffered acid substrate to each of two test 
tubes, labeled C and D, and warm the solutions for 3 minutes in a water bath 
at 37®C. Add 0.2 ml. of unhemolyzed serum or plasma to tube C, mix at once, 
and allow both tubes to remain in the water bath. Exactly 1 hour after the ad- 
dition of serum to tube C, pipet 2 ml. of dilute phenol reagent into each tube, 
and mix well. Add 0.2 ml. of serum to tube D, mix again, and centrifuge both 
tubes. 

To prepare the treated standard (standard plus phenol reagent), measure 1 
ml. of dilute phenol standard into a test tube. Add 3.2 ml. of distilled water 
and 2 ml. of dilute phenol reagent and mix. 

To prepare the reagent blank, add 2 ml. of dilute phenol reagent to a tube 
containing 4.2 ml. of distilled water, and mix. (When both alkaline and acid 
phosphatase are to be determined, only one standard and reagent blank need be 
prepared.) 

Add 4 ml. of each clear supernatant solution, prepared standard, and reagent 
blank to an appropriately labeled tube. To each solution add 6 ml. of 8% so- 
dium carbonate, mix well, and allow to stand for 20 minutes. 

Pour the reagent blank into a suitable cuvet and set die indicator of the 
spectrophotometer to zero absorbance against this solution at 660 m/i (red). Record 
absorbance reading of die standard and of solutions C and D. Subtract reading of 
solution D from that of solution C. 

Calculation.— 

K.A.U. per 100 ml. = 0.0322 X — ~ ^ x ff x 
K.A.U. per 100 ml. = 25.0 X R ‘ ~ — 



CHEMICAL ANALYSIS IN CLINICAL MEDICINE 1115 

where K.A.U. = acid phosphatase expressed as King-Armstrong Units 

0.0322 = milligrams of phenol in final standard solution 
R c = absorbance reading of solution G 
R d = absorbance reading of solution D 
R s = absorbance reading of phenol standard 

(5.2 = combined volume of serum plus buffered substrate plus dilute phenol 
reagent 

4.0 = aliquot portion of this solution taken for color development 

0.2 = volume of serum taken for analysis 

Notes.— Normal values: 

1. Alkaline phosphatase: adults 4 to 10 K.A.U., children 10 to 20 K.A.U. 

2. Acid phosphatase, 0-4 K.A.U. 

The range of alkaline phosphatase values which can be determined by this procedure 
includes 0 to 70 units. If higher let els are found (i.e., absorbance > 1), an accurate 
value may lie obtained bv diluting 1 volume of the final solution with 1 or 2 volumes 
of distilled water before measuring its absorbance. Multiplication by the dilution factor 
gives the factor to be used for these calculations. 

Acid phosphatase values of 0 to 30 units can be determined by this procedure. Higher 
values may be determined also by dilution of the blue complex with distilled water 
before reading. 

Hemolyzed specimens of serum (plasma) should not be used for acid phosphatase de- 
terminations. Erythrocytes are known to contain large amounts of an acid phosphatase 
with optimal activity at pH 6. Results may, therefore, be vitiated even by slight he- 
molysis. 

Only very pure disodium phenyl phosphate, phenol-free, is suitable for use as sub- 
strate. 


INORGANIC PHOSPHORUS 

(Serum and Urine) 

Reagents. Molybdate II Reagent.— Dissolve 25 g. of c.p. ammonium molybdate 
in 300 ml. of 10 N sulfuric acid. Dilute to 1 liter with distilled water (2.5% am- 
monium molybdate in 3 N sulfuric acid). 

Elon (/>-Methylaminophenol Sulfate, Eastman Kodak, Practical No. P615) Stock 
Solution.— Dissolve 3 g. of c.p. sodium bisulphite in 100 ml. of distilled water. 
.Add 1 g. of Elon. Shake well. Store in brown bottle in the refrigerator. 

Elon Dilute Working Solution.— Dilute 10 ml. of Elon stock solution to 100 ml. 
with distilled water. Mix well. Prepare fresh on the day of use. 

Phosphorus Stock Standard Solution.— Dissolve 0.3514 g. of pure, well-dried 

monopotassium phosphate in 10 ml. of 10 N sulfuric acid. Dilute to 1 liter in 
a volumetric flask (1 ml. = 0.8 mg. phosphorus). 

_ Bosphorus Working Standard.— Transfer 25 ml. of stock standard solution to a 
500-ml. volumetric flask. Dilute to mark with 5% trichloracetic acid (5 ml. = 0.02 
m g- P represents 4 mg. per iOO ml. phosphorus). 

Procedure. Serum.-Place 9.0 ml. of 10% (wt./vol.) trichloracetic acid in a con- 
ical centrifuge tube. Add 1.0 ml. of serum. Mix thoroughly. Allow to stand 
o to 10 minutes. Centrifuge until clear. Pipet 5.0 ml. of supernatant fluid into 
a c ean, acid-washed test tube. Prepare a blank by pipetting 5.0 ml. of 5<V tri- 
c i oraceoc acid into a similar tube. Prepare a standard by pipetting 5 0 nil of 

the working standard (5 ml. = 0.02 mg. P) into another tube. Add 10 ml’ of 

molybdate II to each tube. Mix well. Add 4.0 ml. of dilute Elon to each tube 
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Mix, in succession, immediately after die addition to each tube. Allow to stand 
10 minutes. Read absorbance of die unknown and of the standard in the spectro- 
photometer after 10 minutes (and before 60 minutes) at 680 m^ against the reagent 
blank set at 100% T (zero absorbance). Use clean, dry cuvets (12 by 75 mm.). 
Obtain serum phosphorus value by using formula 1 under calculations below. 

Note.— The blood specimen must be drawn while the patient is fasting. It is necessaiy 
that the determination be carried out on fresh, unhemolyzed serum separated as soon as 
possible from the red cells because of the case of hydrolysis of phosphate esters in the red 
cells by the phosphatases in the serum. Both hemolysis and prolonged standing of the 
blood specimen will inciease the phosphorus level. The serum should be refrigerated 
fm a short time if delayed analysis is unavoidable. 

Urine.— Dilute 1.0 ml. of urine (a measured 24-hour specimen) to 50 ml. with 
5% trichloracetic acid in a 50-ml. glass-stoppered volumetric flask. Mix well and 
filter, if not perfectly clear, through No, 40 Whatman filter paper. Add 5.0 ml. 
of diluted urme to a clean, acid washed test tube. Prepare a blank and standard as 
under method for serum above. Add 1.0 ml. of molybdate II reagent to each 
tube. Mix well. Add 4.0 ml. of dilute Elon and mix each tube immediately. 
Allow to stand at least 10 minutes. Read absorbance of the unknown and of the 
standard in the spectrophotometer at 680 m/i against the reagent blank set at 100% 
T (zero absorbance). Report results in grams of phosphorus excreted in 24 hours. 
Obtain value by using formula 2 under calculations below. 

Calculations.— 

1. Serum: 


Absorbance of unknown X 
phosphorus 


cone, of std. 
absorbance of std. 


2. Urine • 


mg. per 100 ml. serum inorganic 


Absorbance of unknown X 
24 hr. 


cone, of std. 
absorbance of std. 


X 5 X 


ml. per 24 hr. spec. 
1000 


Notes.— Normal values. Adults, 3 to 4.5 mg. pel 100 ml. (serunv) 
Children, 4 to 6 mg. per 100 ml. (serum) 
Approx. 1.0 g. per 24 hours (urine) 


g- Ppef 


PREGNANEDIOL 

(Urine) 

Procedure .— The entire 24-hour collection of urine is introduced into a suitable 
flask fitted with a reflux condenser together with 0.1 of its volume of concentrated 
hydrochloric acid and 200 ml. of toluene. The mixture is heated to boiling, the 
boiling continued for 15 minutes, and then cooled rapidly in running water. 

The mixture is transferred to a suitable separatory funnel. The toluene is sep- 
arated and the aqueous fraction extracted with two further quantities of 200 mb 
of toluene. The combined toluene extracts are washed twice with two 100-ml. quan- 
tities of 10% sodium hydroxide and twice with 100-ml. quantities of water. The 
toluene extract is evaporated down to dryness in a 500-ml. flask attached to a vacuum 
still. It is essential to have the flask heated by a water bath and to begin heating 
from the cold; otherwise trouble from “bumping” may be encountered. 

The dry residue is dissolved in 10 ml. of absolute alcohol, the solution being 
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transferred to a JOO-ml. conical flask, and 40 ml. of hot (about 70°C.) 0.1 N sodium 
hvdroxide solution is added to the alcoholic solution. (This process can be used 
to transfer completely the contents of the 500-ml. flask into the 100-ml. conical 
flask.) The mixture is allowed to cool to room temperature, after which the flask 
is placed in a refrigerator (5°C.) overnight. The contents of the flask are filtered 
through a No. 42 Whatman filter paper. The residue is washed with 40 ml. of 
told water (5°C.). (The cold water should be transferred from the original con- 
ical flask.) The filter paper containing the residue is put back into the original 
conical flask and 10 ml. of absolute alcohol are added. When the solution of 
pregnanediol has been effected, 40 ml. of hot water (about 70°C.) are added. 
The mixture is allowed to cool to room temperature after which it is placed in a 
refrigerator (5°C.) overnight. The contents of the flask are then filtered through 
a No. 42 Whatman filter paper. The residue is washed with 40 ml. of cold water 
(5°C.). The residue on the filter paper is dissolved in about 40 ml. of absolute 
alcohol (contained in the original conical flask), the filtrate being collected in a 
weighed 50-ml. beaker. The alcohol is evaporated ofF in a hot oven maintained 
at 100°C. The dry beaker is allowed to cool in a desiccator. The increase of 
weight represents pregnanediol separated. 

Notes.— In extensive investigation, it has been found that the excretion of pregnanediol 
fly the male is less than 1 mg. per day, and in the female during the reproductive phase 
of life, the maximum is 4.5 to 6.5 mg. per day. In late pregnancy it has been found that 
pregnanediol as determined by this method agrees very closely with the content of non- 
ketonic alcohols in the neutral steroid fraction. 


TOTAL PROTEINS 

(Serum and Spinal Fluid) 


Reagents. Biuret Reagent.— Dissolve 45 g. sodium potassium tartrate in approxi- 
mately 400 ml. of 0.2 N NaOH (carbonate-free), add 15 g. copper sulfate (CuS0 4 - 
5HoO) and dissolve completely with stirring. Add 5 g. potassium iodide and make 
up to the mark in a liter volumetric flask with 0.2 N NaOH. 

Protein Standard.— A commercially standardized preparation of freeze-dried 
pooled human serum is used to prepare a series of known protein solutions cover- 
ing the desired range of concentrations to be used in plotting a calibration curve 
for the spectrophotometer. The protein value is indicated on the package insert 
anti is ready for use on the addition of distilled water. These known stand- 
ard dilutions are processed by the technique outlined below and read in a spectro- 
photometer at 450 him, using cuvets with a 1-cm. light path. The transmittance 
readings are plotted against the corresponding dilutions on semilogarithmic paper. 
ie curve should be checked frequently against a known protein solution. 

I tocedure. Serum.— Measure 0.1 ml. serum into a test tube containing 4.9 ml. 
o 0.85% sodium chloride solution. Add 5 ml. of biuret reagent. Mix well and 
et stand approximately 30 minutes in a water bath at 30° to 32°C. Read in a 
qmcuophotometer'at 555 ni/x using a reference blank made at the same time 
unuainmg 5 ml. of 0.85% sodium chloride solution and 5 ml. of biuret reagent. 
H.un the values from the calibration curve below. 

, Cili . ibration Curve - Protein Standards.-^. 180 mg. protein per 100 ml. (9 cr. 
I0°mn. P n r 10 ? mI ' basetl 011 use o[ a sample of serum and a volume of 

comem i C Car ’ pooled human or animal serum and determine total protein 
>v macro- or nncro-Kjeldahl technique. Knowing the protein content. 
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measure into a 250-ml. volumetric flask a quantity of pooled serum containing 
0.45 g. of protein. Make up to 250-ml. mark with 0.85% sodium chloride. 

b. 140 mg. protein per 100 ml. (7 g. protein per 100 ml. based on the use of 
0.1-ml. sample of serum and a total volume of 10 ml.): Proceed exactly as above 
except measure into the 250-ml. volumetric flask a volume of serum containing 
0.35 g. protein. 

c. 80 mg. protein per 100 ml. (4 g. per 100 ml.): Proceed as above except meas- 
ure into the 250-ml. volumetric flask a volume of serum containing 0.2 g. protein. 

Use 5 ml. of each dilution and 5 ml. of biuret reagent. Allow to stand in a 
water bath at 30° to 32°C. for 30 minutes and read transmittance of each as soon 
as possible in a spectrophotometer at 555 m/i or xn a photometer with round cups 
and green filter. For spectrophotometer readings prepare a reference blank by 
adding 5 ml. of biuret reagent to 5 ml. of 0.85% sodium chloride and incubate 
with test. Repeat several times on new dilutions so that an average of the trans- 
mittance readings will make a straight line when plotted on semilogarithmic graph 
paper against the protein values in g. per 100 ml. 

Note.— N ormal values: 6 to 8 g. per 100 ml. (total protein). 

Spinal Fluid.— Centrifuge specimen for 10 minutes at 1500 r.p.m. Label a 
5-in. test tube “T” (test), another “B” (blank), and a third tube *'S” (standard). 
Prepare only one blank and one standard for a series of specimens to be ana- 
lyzed. Place 1 ml. of centrifuged, clear, unhemolyzed spinal fluid in the tube 
marked "T.” Place 1 ml. of standard and 1 ml. of distilled water in their ap- 
propriate tubes. Stopper each tube with a clean rubber stopper and mix by in- 
version. Add 3 ml. of 3% sulfosalicylic acid to each tube. Allow tubes to stand 
for 10 minutes. Mix again by inversion. Read in a spectrophotometer at 450 nv* 
(use cuvets with a 1-cm. light path). 

Calculations.— 

Absorbance of test _ . . 

— : z ; — : X cone, of standard = mg. protein per 100 ml. spinal fluid 

Absorbance of standard r 

Notes.— Normal values: 20 to 40 mg. per 100 ml. 

Methods designed for the analysis of scrum proteins lack sensitivity when applied to 
the analysis of the small piotein content of body fluids. In addition, urine and body 
fluid exudates contain chiomogens and other materials which may affect the standard 
conditions used for analysis of serum protein. Specific methods for the analysis of body 
fluids include turbidimetric analysis by organic acids (trichloracetic acid, sulfosalicylic), 
the measurement of specific amino acid content by Folin Cicalteau reagent, or various 
dye techniques. 

The method outlined here utilizes sulfosalicylic acid which precipitates protein in fine 
clumps, the turbidity of which is proportional within a limited range to protein con- 
centration. The turbidity produced by albumin is about twice that for globulin. Al- 
bumin is the predominant protein in spinal fluid and all other body fluids. 


ALBUMIN AND ALPHA. BETA, AND GAMMA GLOBULINS 
(Serum) 

Reagents. Stock Phosphate Solution: 3.33 M, pH 6.5.— Add 2268 g. of potas- 
sium phosphate, monobasic (" Sorensen’s potassium phosphate”— KH 2 P0 4 ) to about 
4000 ml. of solution containing 335 g. of sodium hydroxide. Shake or stir until 
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completely dissolved, cool to room temperature, then dilute to 5000 ml. or add 
....Jr until the final weight of the solution is 6675 g. . 

Dilute Phosphate Solutions.-l. Weigh 1235 g. of stock phosphate solution into 
a 1 000-ml. volumetric flask. Dilute to the mark with distilled water. 

o \Yei°h 1000 g. of stock phosphate solution into a 1000-ml. volumetric flask. 
Dilute to°the mark with distilled water. 

3. Weigh 785 g. of stock phosphate solution into a 1000-ml. volumetric flask. 
Dilute to die mark with distilled water. 

•1 Wei°h 625 g. of stock phosphate solution into a 1000-ml. volumetric flask. 
Dilute to the mark with distilled water. 

Procedure.— Set up five colorimeter tubes marked B (blank), 1, 2, 3, and 4. Into 
tube B measure 10 ml. of distilled water and into the other tubes measure 10 ml. 
of the corresponding numbered dilute phosphate solution. Now measure 1 ml. ol 
scnun and 1.5 ml. of water into a small test tube. Add 7-5 ml. of stock phosphate 
solution, allowing it to flow directly into the diluted serum. Invert the tube five 
or six times to mix, then transfer 1 ml. of the mixture to each of the previously pre- 
pared colorimeter tubes, again allowing the serum-phosphate mixture to flow directly 
into the solution in the colorimeter tubes. Mix the contents of each tube thor- 
oughly by rotating or inverting the tube, but avoid vigorous shaking. Allow to 
stand for about 15 minutes, dren measure the absorbance of tubes 1, 2, 3, and 
■! at 650 m/i, using tube B to set the spectrophotometer at 0 absorbance (100% T). 

Calculations.— Absorbance of tube number 1 times F equals total protein. Ab- 
sorbance of tube number 1 minus the absorbance of tube number 2 times F 
equals albumin. Absorbance of tube number 2 minus the absorbance of tube 
number 3 times F equals alpha globulin. Absorbance of tube number 3 minus the 
absorbance of tube number -1 times F equals beta globulin. Absorbance of tube 
number 4 times /•' equals gamma globulin. 

Calibration.— The factor F used in the above calculations must be determined 
for the particular type of spectrophotometer used. Obtain a sample of clear, 
normal human serum. Determine the total protein content of this serum by any 
accurate, convenient method. Carry the serum through the previously given pro- 
cedure, using the blank and tube number 1 only (in triplicate). Divide the total 
protein of the serum by the average optical density of tube number 1 to give 
factor F. 


SALICYLATE 

(Serum, Plasma, Whole Blood) 

Reagents. Isotonic Sodium Sulfate (2% Na^SO j • 10H..O). 

IdHo p-Nitraniline in 5 A r Hydrochloric Acid. 

Standard Salicylate Solution (50 mg. sodium salicylate dissolved in 100 ml. water). 
Stoic in the refrigerator. 1 

Procedure.— Serum, plasma, or whole blood, 0.2 ml. is mixed with 6.6 ml. of 
j^tomc sodium sulfate. Then 0.6 ml. of 10% (wt./vol.) zinc sulfate solution fol- 
au r\ 0.0 ml. of 0.5 N sodium hydroxide are added to precipitate the proteins, 
an the mixture is filtered. A Whatman No. 1 paper is suitable. A standard and a 
. J ^ ank are c.u lied through simultaneously with the unknown by substituting 
Z , '! ’ S,l f J.j ate ioiutI011 a, 'd 0.2 ml. of isotonic sodium sulfate for the blood, 
m . of filtrate are mixed with 0.8 ml. of p-nitraniline solution. The solu- 
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tion is chilled in ice water. Sodium nitrite solution (10% wt./vol.), 0.6 ml., is added, 
and, after standing in ice water for 2 to 3 minutes, the solution is made alkaline by 
adding 1.2 ml. of 4 N sodium hydroxide. The colors develop immediately and are 
stable for a considerable time. They can be measured in a spectrophotometer at a 
500-m/t setting. 

Calculation.— 


Cone, unknown — 


absorbance unknown 

- — — ; ; — - X cone, standard 

absorbance standard 


Note —T herapeutic level is 30 to 45 mg. per 100 ml. 

Since only small traces of salicylates, are present in the red cells, whole blood level* 
are lower than the correspond i tig plasma levels. The former, however, can be converted 
to the latter, to a close approximation, by the use of the equation: 

p — — 

100 — H 

where P and B are the plasma and whole blood levels in milligrams per 100 mb and H 
is the hematocrit. 


SODIUM AND POTASSIUM 

(Serum) 

SODIUM 

Reagents. Uranyl Zinc Acetate Reagent.— So/u tion A. To 38.5 g. of reagent 
grade uranyl acetate are added about 200 ml. of distilled water and 7 ml. of glacial 
acetic acid. The acetate is dissolved by gently heating and stirring. The solution 
is then cooled and diluted to 250 ml. in a volumetric flask. 

Solution B. To 115.4 g. of reagent grade zinc acetate are added about 200 ml. 
of distilled water and 3.5 ml. of glacial acetic acid. The acetate is dissolved by 
gently heating ami stirring. The solution is then cooled and diluted to 250 ml. 
in a volumetric flask. 

The two solutions (A and B) are heated in separate beakers to 80° or 90*0. 
While hot, the mixture is placed in an incubator at 37°C. for 48 hours and is 
occasionally shaken. Owing to sodium impurities in the reagents, a precipitate 
of uranyl zinc sodium acetate usually forms and settles out. If no precipitate 
appears, 0.2 g. of precipitated uranyl zinc sodium acetate, as below, is added to 
saturate the solution with this triple salt. The solution is kept in the incubator 
and remains good indefinitely. 

About 1 hour before use, the solution is removed from the incubator and al> 
lowed to come to room temperature. The bottle is shaken and as much solution 
as is needed is filtered off immediately before use. 

Uranyl Zinc Sodium Acetate.— A small amount of the triple salt may be pre- 
pared by adding 15 ml. of die uranyl zinc acetate reagent to 1 ml. of a 5% solution 
of reagent grade sodium chloride. Five milliliters of 95% alcohol is added m 
small portions. The mixture is filtered with suction in a Gooch crucible- T ie 
precipitate is washed four times with' 5*ml. portions of 95% ethyl alcohol, fo - 
lowed by four washings with 5-ml. portions of ethyl ether. The salt is then dne 
in a desiccator, containing calcium chloride, for at least 1 hour. The dry salt wi 
keep indefinitely. 
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Ucohol Wash Solution.— Ninety-five per cent ethyl alcohol is saturated with 
urrmyl zinc sodium acetate. Tin's solution is stored in the incubator at 37°C. 
About I hour before use, it is brought to room temperature and shaken occasion- 
ally. It is filtered just before use. 

Procedure.— With each set of serum measurements, simultaneous measurements 
are made on standard salt solution and a reagent blank. All measurements are 
made in duplicate or triplicate. One milliliter of serum is placed in a 3-in. porce- 
lain evaporating dish. One milliliter of -1 rV PLSO^ and one diop of 1.25*/o 
(wt./vol.) ferric sulfate solution are added to each dish. The dishes are placed 
on a steam bath (or a sand bath) until the mixture becomes a dark syrupy liquid 
(1 or 2 hours). The dishes are then placed in a cold electric furnace, gradually 
raising the temperature to 550° to 600 c C. This heat is maintained for 1 hour or 
until ashing is completed. There will be a red discoloration in the salt solution 
owing to excess iron. The dishes are allowed to cool to room temperature and 
the ash is transferred quantitatively to a graduated 25-ml. centrifuge tube. Trans- 
fers are made by washing four to b times with 4-ml. portions of distilled water. 
The solution is diluted to the 25-ml. mark and mixed. 

After centrifuging for 5 minutes at about 2500 r.p.m., 20 ml. of the supernatant 
fluid are placed in a 50-ml. Pyrex beaker and evaporated to dryness in a drying 
oven at llO^C. Porous glass Gooch filter crucibles of 15-ml. capacity 1 are placed 
in filter funnels over 500-ml. filter flasks. (It is advisable to have the crucibles 
thoroughly cleaned with HC1 beforehand and rinsed with distilled water.) The 
Gooch crucibles are prepared by washing once with water, three times with 2 ml. 
of alcoholic wash solution saturated with uranyl zinc sodium acetate, and three 
times with 2 ml. of ether. Air is suctioned through the Gooch crucibles for 10 
minutes, following which they are placed in the desiccator for approximately 20 
minutes and weighed. 

lo the dried extract of the ashed serum, 10 ml. of freshly filtered uranyl zinc 
acetate are added. The solution is mixed and allowed to stand for 30 minutes in 
a vessel containing water at room temperature. The contents of the beaker are 
filtered through the previously weighed Gooch crucible. (The procedure of filtra- 
tion must be carried out at approximately constant temperature in order to avoid 
changes in solubility of the uranyl zinc sodium acetate.) The beaker and pre- 
cipitate are washed ten times witlt 2 ml. of freshly filtered alcohol wash solution. 
1 he precipitate in the Gooch crucible is then washed three times with 2 ml. of 
ether. Suction is continued until the precipitate is thoroughly dry. The filter 
and precipitate are placed in a desiccator containing calcium chloride. The pre- 
cipitate is dried for at least one-half hour. The precipitate in the Gooch crucible 
is weighed on an analytical balance. 

C alculations.— I lie precipitate of uranvl zinc sodium acetate contains 1 405°/ 
of sodium. ' /0 

Wt. of precipitate in grams X 1809 = mg. Na per 100 ml. of serum, 
of precipitate in grams X 813 = milliequivalents of Na per liter of serum. 

C orrection is made for the blanks. 

Non..— Normal values: 135 to 112 iniiliequivaleuls per liter. 

A H. 1 hennas Co.. No. 41-ll-C are satisfactory. 



1122 CHEMICAL ANALYSIS IN CLINICAL MEDICINE 
POTASSIUM ' 

Reagents. Tetraphenylboron Solution.— Exactly 5 g. of sodium tetraphenylboron 
reagent are dissolved in 50 ml. of distilled water, and transferred to a 100-ml. 
volumetric flask. Ten milliliters of 0.1 N NaOH are added and the solution is 
diluted to the mark. The solution should be virtually clear— the development of 
turbidity results either from contamination with potassium or from deterioration 
of the tetraphenylboron reagent. The tetraphenylboron solution is stable for at 
least one week at room temperature. 

Alkaline EDTA Solution.— Seven and one-half grams of ethylenediaminetetra- 
acetic acid, disodium salt, arc transferred to a 500-ml. volumetric flask. Forty- 
four milliliters of 1.0 A T NaOH are added, and the solution is diluted to the 
mark with distilled water. This solution is stable for at least two weeks at room 
temperature. 

Formaldehyde Solution.— Formalin (37% formaldehyde) is diluted 1:1 with dis- 
tilled water. 

Mixed Alkaline EDTA-Formaldehyde Solution.— This solution is prepared fresh 
by mixing 2 parts of alkaline EDTA solution with 1 part of formaldehyde solution. 

Gum Ghatti Solution.— Ten grams of gum ghatti tears are placed in a bag 
made of a double layer of gauze. The bag is suspended in a beaker containing 
400 ml. of distilled water, upper surface of the water just covering the contents of 
the bag. After leaving it overnight, the bag is removed and discarded. The 
solution is mixed, allowed to stand for several hours, and then decanted and, if 
necessary, filtered. 

Potassium Standard Stock Solution.— Into a 1-liter volumetric flask, 0.3728 g. 
of fused potassium chloride is carefully transferred and diluted to the mark with 
distilled water. The resultant stock solution contains 5 milliequivalents of potas- 
sium per liter. 

Potassium Standard Working Solutions.— Zero-, 2-, 4-, 6-, 8-, and 10-ml. samples 
of the potassium standard stock solution are transferred to 50-ml. volumetric flasks. 
Twenty-five milliliters of the 8% trichloracetic acid solution are added to each 
flask and the contents are diluted to the mark with distilled water. When em- 
ployed as outlined in the procedure, these standards correspond to concentrations 
of serum potassium of 0, 2, 4, 6, 8, and 10 milliequivalents per liter, respectively, 
and these standards are used in constructing the calibration curve. 

Procedure .—' Trichloracetic acid filtrates of serum are prepared by adding 5 ml. 
of 8% trichloracetic acid solution to 1 ml. of serum in a 10-ml. volumetric flask 
or calibrated tube. The contents are diluted to the mark with distilled water. 
After standing for 10 minutes, the contents are filtered through Whatman No. 40 
filter paper. Three milliliters of the mixed alkaline EDTA-formaldehyde solution 
are transferted to each of the colorimeter cuvets. One-milliliter samples of the 
0, 2, 4, 6, 8, and 10 milliequivalents per liter potassium working standards, and 
1 ml. of die trichloracetic acid filtrates of seium are transferred to their respective 
cuvets. Three drops of gum ghatti are added to each tube, and the contents are 
mixed. One milliliter of tetraphenylboron solution ii added tapidly to each cuvet 
by blowing vigorously with an Ostwald-Folin blow-out pipet. The contents are 
mixed by swirling and allowed to stand for 15 minutes. Absorbance readings 
are made at 420 m^ within 15 to 30 minutes after mixing. 

Calculation.— A calibration chart is constructed by plotting the values for absor 
ance as ordinate, and the concentration of potassium as abscissa. The concen- 



CHEMICAL ANALYSIS IN CLINICAL MEDICINE 1123 

tmtion of potassium ill the unknown serum is obtained by reference to the stand- 
ard curve. 

N'oiE.-Normal values: 4.5 to 5.5 milliequivalents per liter. 


SULFONAMIDES 

(Serum, Spinal Fluid, Urine) 

Reagents. n-(l-Naphthyl)-ethylenediamine Dihydrochloride, 0.2% Solution.— 
Dye obtainable from Eastman Kodak Company, Rochester, N. Y. Keeps about 2 
months in a brown bottle in the refrigerator. Do not use after it turns brown. 

Procedure.— Place 0.5 ml. of serum in a test tube. Add 10 ml. of 10% trichlor- 
acetic acid. Shake well and let stand 2 minutes. Centrifuge the test tube until 
the supernatant fluid is clear. To 1 ml. of the supernatant fluid add 2 ml. of dis- 
tilled water. Add 1 ml. of 0.25% sodium nitrite solution. Prepare fresh daily. 
Mix well and let stand 5 minutes. Add 1 ml. of 1% ammonium sulfamate solu- 
tion. Mix well and let stand 2 minutes. Add 1 ml. of 0.2% ethylenediamine di- 
hydrochloride solution. Shake vigorously. .Read in the spectrophotometer at 540 
m M . Obtain sulfonamide values in mg. per 100 ml. from calibration curve. 

Calculation.— It is desirable to use calibration curves based on standards made 
from the drug being determined. If, in emergency, it is necessary to use a cali- 
bration curve made from a sulfa drug other than that used in the determination, 
the results must be multiplied by a factor based on the following formula: 


Molecular weight of drug being determined _ £ actor 
Molecular weight of drug used for curve 

To correct for the drug lost in precipitation of proteins with trichloracetic acid, 
multiply the results obtained for sulfapyridine (if more than 5 mg. per 100 ml.), 
and for sulfathiazole by the factor 1.10. 

Calibration Curve.— Sulfonamide stock standard solution (1 ml. = 0.5 mg.): Dis- 
solve exactly 50 mg. of the pure sulfonamide powder ( not tablets) in about 80 
ml. of hot distilled water. Should the drug dissolve with difficulty, add 1 ml. of 
1 A T sodium hydroxide. Cool and dilute to volume with distilled water in a 
100-ml. volumetric flask. This solution keeps indefinitely in the refrigerator. 

from the stock standard solution make the following dilutions with distilled 
water in 50-ml. volumetric flasks: 


Stock 

Standard 


Distilled Mg. per 100 ml. Sulfa. 
Water to Represented 


1 ml. 

50 ml. 

2 ml. 

50 ml. 

6 ml. 

50 ml. 

10 ml. 

50 ml. 

20 ml. 

50 ml. 

28 ml. 

50 ml. 


1 

2 

6 

10 

20 

28 


o O.y ml. of each dilution, add 10 ml. of 10% trichloracetic acid. Mix well. 

0 nil. of the mixture add 2 ml. of distilled water. Proceed as outlined above. 

4>eat several times on new dilutions made from new stock standards. Average 
“aHsmittance readings for each dilution and plot on semilogarithmic graph 
llie «.ir 8a,nS - . nig, . per 100 mI - of the sulfonamide used. The solubility of some of 
siand-irri n ‘T M ? eS ,S T UCh that k may be necessar y to use a 20 mg. per 100 ml. stock 
diiut c st-m°l U a 0 "’ IU SUCh CVent ad ^ USt accordin S 1 y the amounts used to make the 
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Sulfonamide 

Optimum 

Blood 

Level, 

mg. 100 per ml. 

Molecular 

Weight 

Solubility * 

Sulfanilimide 

10-15 

172 

1480 

Sulfa pyridine 

5-10 

249 

54 

Sulfathiazole 

4-10 

255 

96 

Sulfadiazine 

8-15 

250 

12.3 

Sulfamerazine 

10-15 

265 

170.0 

Sulfaguanidine 

3-5 

232 

220.0 

Sulfasuxidine 

3 

355 

20.8 

Sulfa thalidinc 

1.5 

403 

Pract. insol. 


* Mg. per 100 ml. HjO at 37.5°C. and pH 7.1. 

TRANSAMINASES 

SERUM GLUTAMIC OXALOACETIC TRANSAMINASE (SGO-T) 

AND SERUM GLUTAMIC PYRUVIC TRANSAMINASE (SGP-T) 

(Serum) 

Reagents. Aspartate-Glutarate Subsirate (Alpbaketoglutarate, 2 millimoles 
per liter, d/-aspartate 200 millimoles per liter).— Place 29.2 mg. of alpha-ketoglu- 
taric acid and 2.66 g. of rf/-aspartic acid in a small beaker. Add 1 N NaOH until 
the solution is complete. Adjust to a pH of 7.4 with NaOH, transfer quantita- 
tively with 0.1 M phosphate buffer (pH 7.4) to a 100-ml. volumetric flask and 
dilute to the mark with buffer. 

2,4-Dinitrophenylhydrazine (1 millimole per liter).— Dissolve 19.8 mg. of 2,4-di- 
nitrophenylhydrazine in 100 ml. of I AT HC1. 

Standard Solution (Pyruvate, 2 millimoles per liter).— Dissolve 22 mg. sodium 
pyruvate in 100 ml. of 0.1 M phosphate buffer (pH 7.4). 

Alanine-Alpha-ketoglutarate Substrate (Alpha-ketoglutarate, 2 millimoles per 
liter, dl-alanine 200 millimoles per liter).— Place 29.2 mg. of alplia-ketoglutaric 
acid and 1.78 g. of d /-ala nine in a small beaker. Add 1 N NaOH until solution 
is complete. Adjust to pH 7.4 with NaOH, transfer quantitatively with 0.1 ill 
phosphate buffer to a 100-ml. volumetric flask, and then dilute to die mark with 
buffer solution. 

Procedure. SGO-T.— Place 1 ml. of aspartate-glutarate substrate in a spectro- 
photometer cuvet (19 by 105 mm.) (one tube for each specimen) and place in 37* 
water bath and allow it to warm to desired temperature (37°C.). This takes 10 
to 15 minutes. Add exactly 0.2 ml. of serum to the substrate. Shake gently to 
mix and replace in die water bath. Exactly 60 minutes after adding serum, add 1 
ml. of 2,4-dinitrophenylhydrazine reagent. (This stops activity and starts die color 
reaction.) Shake gently and leave at Toom temperature. After 20 minutes, add 
10 ml. 0.4 iY sodium hydroxide (develops color). Mix by inversion using cleau 
rubber stoppers. Let stand for 30 minutes and then read absorbance at 505 
him in the spectrophotometer using distilled water as a reference. 



CHEMICAL ANALYSIS IN CLINICAL MEDICINE 1125 

Determine units of activity of SGO-T of the serum from the calibration curve. 
If the value is greater than 182 units per ml. of serum, repeat test after diluting 
serum with distilled water (1 ml. serum in 9 ml. of water). Value obtained with 
diluted serum is multiplied by 10 to get the correct value of SGO-T units per 
milliliter of serum. 

SGP-T.— Place 1 ml. of alanine-alpha-ketoglutarate substrate in a spectrophotom- 
eter cuvet (19 by 105 mm.) and place in a 37° water bath and allow it to warm 
to desired temperature (37°C.). Add exactly 0.2 ml. of serum to the substrate. 
Shake oently to mix and replace in the water bath. Exactly 30 minutes after add- 
in* serum, add 1 ml. of 2,4-dinitrophenylhydrazine reagent. Shake gently and 
leave at room temperature. After 20 minutes, add 10 ml. of 0.4 N NaOH. Mix 
by inversion using clean rubber stoppers. Let stand for 30 minutes and then 
read absorbance at 505 m/r in the spectrophotometer using distilled water as a 
reference. 

Determine the units of activity of the SGP-T of the serum from the calibration 
curve for SGP-T. Prepare the calibration for SGP-T as for SGO-T, substituting 
alanine-alpha-ketoglutarate substrate for aspartate glutarate substrate. 

Calibration Curve.— Into spectrophotometer tubes, pipet the solution as indi- 
cated below. 


Tube 

No. 

Std. 

Soln., 

ml. 

Prepared 

Substrate, 

ml. 

Water, 

ml. 

Units SGO 
Trans- 
aminase per 
Ml. Serum 

Units SGP 
Transaminase 
per Ml. Serum 

1 

0 

mm 

0.2 

0 

0 

2 

■1 

IHK 

0.2 

20 

23 

3 



0.2 

55 

50 

4 


0.7 

0.2 

95 

83 

5 

0.4 

0.6 

0.2 

148 

125 

6 

0.5 

0.5 

0.2 

216 

— 


Add 1 ml. of 2,4-dinitrophenylhydrazine reagent to each tube. Shake gently 
and allow to stand for 20 minutes at room temperature. Add 10 ml. of 0.4 N 
NaOH to each tube. Mix by inversion using clean rubber stoppers. Thirty min- 
utes after adding die NaOH, read and record the absorbances using water as 
re erence at 505 m/i. Plot a calibration curve of absorbances vs. the correspond- 
*>ig units of transaminase. It will not necessarily be a straight line. 

Notes.— 

SGO-T SGP-T 

Units per Units per 

Ml. Serum Ml. Serum 


Normal values 8-40 5-35 

Borderline 40-50 35-45 

Elevated Over 50 Over 45 

Post infarction 40-200 40-100 

Liver necrosis 2000 Over 100 


Normal values (Molander et al .} 
! ar% cirrhosis, 57 to 330 ; and vira 


are 5 to 40 units; Laennec’s 
hepatitis, 540 to 1890 units. 


cirrhosis, 13 to 286 units; 
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TRYPSIN (PROTEINASE) 

(Duodenal Contents) • ' 

Reagents. 0.2 M Phosphate Buffer, pH 7.2. 

5% Casein Solution.— Suspend 5 g. casein (Merck, according to Hammarsten) 
in about 50 ml. of water and then add 40 ml. of 0.1 N NaOH and sufficient water 
to make a total of 100 ml. This solution should be refrigerated and should be 
prepared fresh about every two weeks. 

Digestion Mixture.— Prepared as for non-protein nitrogen determination. 

Gum Ghatti.— Prepared as for non-protein nitrogen determination. 

Nessler’s Solution.— Prepared as for non-protein nitrogen determination. 

Nitrogen Standard.— 0.283 g. ammonium sulfate made up to 1000 ml. with water 
(0.3 mg. of nitrogen in 5 ml.). 

Procedure .— Make a 1:50 dilution of duodenal contents as follows: 1 ml. duo- 
denal contents is made up to 50 ml. by adding 10 cc. of buffer, pH 7-2, and distilled 
water. 

Add 3 ml. of casein solution, 3 ml. of water, and 3 ml. of phosphate buffer to 
a test tube. Warm in water bath (38°C.) for 5 minutes. Add 1 ml. of 1:50 dilu- 
tion duodenal contents. Mix thoroughly. Incubate in 3S°C. water bath for 30 
minutes. Add 2 ml. of 20% trichloracetic acid. Filter. Place an aliquot (usually 
3 ml.) of filtrate in an N.P.N. tube and proceed as for usual non-protein nitrogen 
determination. 

Add 5 ml. of casein solution, 3 ml. of water, and 3 ml. of phosphate buffer 
solution (blank) to a test tube. Warm in water bath (38°C.) for 5 minutes. Incu- 
bate in 38°C. water bath for 30 minutes. Add 2 ml. of 20% trichloracetic acid. 
Add 1 ml. of duodenal contents (1:50 dilution). Filter. Place 3 ml. of filtrate 
in an N.P.N. tube and proceed as for usual non-protein nitrogen determination. 

To prepare the standard, place 5 ml. standard solution in an N.P.N. tube. Add 
1 ml. of digestion mixture. Add 1 ml. of gum ghatti. Dilute to 35 ml. with 
water. Add 15 ml. of Nessler's reagent. Do not boil die standard. 

Calculation.— 


Mg. per 100 ml. standard ^ 12 ^ 0 3 

Mg. per 100 ml. unknown aliquot 


= mg. nitrogen produced in digestion 


Test — blank X 21.3 = trypsin expressed as % of average normal 

NOTES.— Normal values: trypsin 45% to 148% of average normal. The sample to be 
anal)zed is refrigerated from the time it is obtained from the patient to the time the 
analyses are to be made. Repeated studies have indicated that there is no significant 
alteration in enzyme activity of duodenal contents during a period of 24 hours, provided 
the sample is not strongly add due lo contamination with gastric juice. In such rases 
the results are quite unreliable even though the analyses are made immediately. 


UREA NITROGEN 
(Serum and Urine) 

KcugeiUs. Stock Urea Nitrogen Standard.-Dissolve 64.2 mg. of urea, c.p., in 
distilled water. Dilute to 100 ml. with water in a volumetric flask. Mix ‘ 
One gram of urea nitrogen corresponds to 2.14 g. of urea; therefore, 30 rag- of 
urea nitrogen corresponds to 64.2 mg. of urea. 
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Diacetylmonoxime Reagent.-Dissolve 1 g. of diacetylmonoxime (Eastman No. 86) 
la 100 ml. of 5% acetic acid. Discard when a discoloration or precipitate appears. 

Store in a brown bottle at room temperature. 

Arsenic-Hydrochloric Acid Oxidizing Mixture.— Dissolve 10 g. of crystalline ar- 
senic acid (H 3 As0 4 , B & A Reagent) in 100 ml. of concentrated HC1 and allow to 
stand until clear. 

Procedure. Serum.— Into a small Erlenmeyer flask pace 8 ml. of 0.083 . . . N 
sulfuric acid and 1 ml. of serum, rinsing out the pipet by drawing in and ex- 
pelling some of the mixture several times. Mix the contents of the flask by gentle 
rotation until the fluid is uniformly black-brown. Add 1 ml. of 10% sodium 
tungstate drop by drop while constantly but gently rotating the flask. Mix well. 
Add 10 ml. of distilled water and mix thoroughly. This is a 1:20 dilution. Filter 
and place 2 ml. of filtrate in a 20-ml. graduated test tube (Myers-Bailey Tube). In 
another 20-ml. graduated test tube place 2 ml. of distilled water. This is die 
blank. Add 2 ml. of diacetylmonoxime reagent and mix well. Add 3 ml. of 
arsenic-hydrochloric oxidant and mix well. Add 2 ml. of distilled water and 
mix well. Place in a boiling water bath for 20 minutes, covering the mouth of 
the tubes with marbles. Cool under running tap water for 3 minutes. Adjust 
the volume to 10 ml. with distilled water. Measure the transmittancy of the sample 
against the reagent blank set at 100% T at a wavelength of 475 m/x and obtain the 
concentration of urea nitrogen from the calibration curve. Use cuvets, 12 by 
75 nun. 

Urine.— Filter a small portion of a thoroughly mixed urine specimen. Place 
5 ml. of the filtered urine in a 100-ml. volumetric flask and dilute to volume with 
distilled water. Proceed as for blood, using 1 ml. of the 5:100 dilution instead of 
tire blood. Multiply the value from the calibration curve for blood by 20 to 
obtain the concentration of urea nitrogen (mg.) in 100 ml. of urine. 


Urea nitrogen (mg./lOO ml.) 
1000 


X 


volume (24-hour sample) 
100 


X 2.14 = urea (g./24 hours) 


For concentrations of urea nitrogen less than 200 mg. per 100 ml., use 10 ml. of 
urine above and multiply the values obtained from the calibration curve for 
blood by 10; for concentrations in excess of 1000 mg. per 100 ml., use 2.5 ml. of 
urine and multiply the values obtained by 40. 

Calibration Curve.— Into a 100-ml. volumetric flask place 10 ml. of stock urea 
standard (0.3 mg. per ml.), and dilute to volume with distilled water. This dilute 
standard represents 0.03 mg. per ml. urea nitrogen. Prepare just before use. 

In a series of five accurately calibrated 20-ml. graduated test tubes, place, re- 
spectively, 0, 0.5, 1, 1.5, and 2 ml. of dilute standard; and 2, 1.5, 1, 0.5 and 0 ml. 
of distilled water, respectively, bringing the volume in each tube to 2 ml. These 
standards represent concentrations of urea nitrogen equivalent to 0, 15, 30, 45, 
and 60 mg. per 100-ml. sample. Treat each calibration standard exactly as out- 
ined above. Set the zero concentration standard at 100% T at a wavelength of 
'o no* and record the transmittancy of the 15, 30, 45, and 60 mg. per 100 ml. 
braf arC ’ Pl0t Ule observed values on semilogarithmic paper and prepare a cali- 
A n r C m Ve ' - The ClirVG Wil1 be linear onl y to approximately 50 mg. per 100 ml. 
v callbratlon curve is required each time new reagents are made up. 

Note — formal values: 9 to 17 mg. per 100 ml. of serum. 

20 to 30 g. per 24-hour urine specimen.. 
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URIC ACID 

(Serum and Urine) 

Reagents. Uric Add Reagent.— Place 100 g. of molybdenum-free sodium tung- 
state, 70 ml. of phosphoric acid, and about 700 ml. of distilled water in a 1000 ml. 
Erlenmeyer flask. Boil gently for 2 hours under a reflux condenser. Cool and 
dilute to I liter. 

Slock Standard Uric Acid Solution (1 ml. = 1 mg. uric acid).— Accurately weigh 
1 g. of uric acid and transfer it to a liter volumetric flask by means of a dry funnel. 
Place about 0.G mg. of lithium carbonate in a beaker containing 150 mi. of dis- 
tilled water and shake until dissolved, about 5 minutes. Filter the carbonate solu- 
tion and heat the filtrate to 60°C. With die hot carbonate solution rinse the uric 
acid into the flask and shake immediately. The flask may be heated additionally 
under hot running water. The lithium carbonate solution is not always clear 
even when filtered. This turbidity should not be mistaken for undissolved uric 
acid, which might result in unnecessary warming and shaking. In 5 minutes the 
uric acid should all be dissolved. Shake the flask under cool running water with- 
out undue delay. Add 20 ml. of c.p. formalin and half fill die flask with water 
and shake thoroughly. Add 3 ml. of glacial acetic acid. Shake and dilute to 1000 
ml. Keep in tightly stoppered brown bottle in the daik. Keeps about one year. 

Dilute Standard Uric Acid Solution (5 ml. = 0.025 mg. uric acid).— Dilute 1 ml. 
of stock standard uric acid solution to 200 ml. in a volumetric flask. Add 3 ml. 
of chloroform. Prepare fresh once a month. (Use to make calibration curve 
dilutions.) 

Procedure. Serum.— Prepare a protein-free filtrate as follows: Place 14 ml. of 
water in a 50-ml. Erlenmeyer flask; add 2 ml. of 10% sodium tungstate; add 2 ml. 
of serum; mix; add slowly, with rotation, 2 ml. of 0.666 . . . N sulfuric acid; 
mix well; let stand 30 minutes, and filter. Place 10 ml. of filtrate in a 50-ml. Erlen- 
meyer flask. Add 5 ml. of distilled water. Add 5 ml. of 5% sodium cyanide solu- 
tion. Add 0.5 ml. of uric acid reagent. Mix. Let stand 20 minutes. If cloudy, 
centrifuge for 5 minutes. Read in the spectrophotometer at a wavelength of 550 in/t. 
Set up a blank using 15 ml. of water, 5 ml. of 5% sodium cyanide, and 0.5 ml. 
of uric acid reagent. 

Urine.— Measure total volume of urine. Make a 1:20 dilution of urine with 
distilled water. Place 10 ml. of the dilution in a 50-ml. Erlenmeyer flask and pro- 
ceed as above. 

Calculations.— Obtain values for uric acid in blood in mg. per 100 ml. from cali- 
bration curve. For urine, values taken from the calibration curve must be cor- 
rected for dilution and total volume of urine. 

Calibration Curve.— In each of four 50-ml. Erlenmeyer flasks place the following: 



Dilute Uric 

Distilled 

Mg. per 100 ml. 


Acid Std ., 

Water , 

Uric 

Flask 

ml. 

ml. 

Acid 

1 

2 

13 

1 

2 

4 

11 

2 

3 

8 

7 

4 

4 

12 

3 

6 
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To each flask add 5 ml. of 5% sodium cyanide solution. Mix. To each add 
0 5 ml. of uric acid reagent. Mix. Allow to stand for 20 minutes. Read in the 
spectrophotometer at a wavelength of 550 using a blank made of 15 ml. of dis- 
[illed water, 5 ml. of 5% sodium cyanide solution, and 0.5 ml. of uric acid reagent. 
Repeat several times with new dilutions so that an average of the readings will 
make a straight line when plotted on semilogarithmic graph paper. Plot average 
readings on semilogarithmic paper against uric acid values in mg. per 100 ml. 

No its.— Normal values: 2 to 4 mg. per 100 ml. serum. 

0.4 to 1 g. per 24-hour urine. 

Substances in the blood other than uric acid, such as ergothioneine and glutathione, give 
this blue color, but these are eliminated to a large extent by using serum for the test. 


UROBILINOGEN 

(Urine and Feces) 

Reagents. Modified Ehrlich’s Reagent.-Place 0.7 g. of pure paradimethyl- 
aminobenzaldehyde in a 500-ml. Erlenmeyer flask. Add 75 ml. of concentrated 
hydrochloric add and 75 ml. of distilled water. 

Stock Standard Dye Solution.— Pontacyl Carmine 2B, 5 mg.; Pontacyl Violet 
(i R (150%), 95 mg. Make up to 1 liter with 0.5% acetic acid. (Obtain the dyes 
from E. 1. du Pont de Nemours Company, Wilmington, Delaware.) 

Procedure. Urine.— Collect 24-hour specimen in a brown 1-gallon bottle con- 
taining about 100 ml. of petroleum ether and 5 g. of anhydrous sodium carbonate. 
Shake specimen to mix and measure the volume of urine after separation of the 
petroleum ether which has been gdded as a preservative. Place 50 ml. of urine 
in a 125-Erlenmeyer flask and add 25 ml. of freshly prepared 20% ferrous sulfate 
solution. Add 25 ml. of 10% sodium hydroxide with thorough mixing. Let stand 
1 hour in the dark and then filter. (The remainder of the test must not be car- 
ried out in a brightly lighted room because light will destroy some of the uro- 
bilinogen.) 

Preliminary Test.— Place 2 to 3 ml. of the filtrate in a test tube and acidify with 
nu equal amount of modified Ehrlich’s reagent. Add 4 to 6 ml. of a saturated 
solution of sodium acetate and notice the intensity of the developing color. If 
die color is very intense, use 1 ml. of the filtrate in the quantitative determina- 
don; if moderately intense, use 2 ml.; if pale-red, use 5 to 10 ml.; if faint, use 15 
10 -5 ml.; if absent, use 50 ml. 

Dilute the amount of filtrate decided upon to 25 ml. (if less than that amount) 
nnd place in a small separatory funnel. Cover with approximately 50 ml. of 
pine petroleum ether which has been acidified with 5 ml. of glacial acetic acid, 
ntmcdiatcly shake the mixture vigorously for several seconds. Allow' the pe- 
troleum ether to separate; if an emulsion forms, it can be broken by the addition 
o more acetic acid or 1 to 2 ml. of 95% alcohol. Collect the aqueous fraction in 
■mot ler separatory funnel; then decant the petroleum ether into a clean separa- 
tor > funnel. Extract the aqueous fraction twice more with 25-ml. portions of 
petroleum ether which is decanted as described above. Wash the combined pe- 
th°* tUm et * ier extra ctions once with a small amount of distilled water. Discard 
^ xtract tlle urobilinogen from the petroleum ether by vigorously 
•miito 8 i 1 . rainute with 2 I 1 * 1 - of Ehrlich’s reagent. Add 6 ml. of saturated 
solution of sodium acetate which brings out the. maximum color in the 
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aqueous solution. Shake vigorously. Separate the colored solution into a 100-mi. 
graduated cylinder. Again shake the petroleum ether with the same amount of 
Ehrlich’s reagent and sodium acetate solution and add the colored solution to 
the above. If more than a faint color develops, this procedure must be lepeated 
until the extraction of urobilinogen is complete. Add water to the colored solu- 
tion to make a volume comenient in calculation. Mix well. Prepare a blank 
consisting of 9 nil. of sodium acetate and 3 ml. of Ehrlich’s reagent. Read in 
the spectrophotometer at a wavelength of 565 mu using cuvets (19 by 150 mm.) with 
the blank set at 100. 

Calculations.— Obtain the value in mg. per 100 ml. from the calibration curve; 
then 


100 

Mg. per 100 ml. X X 


vol. of final sol. 
vol. of filtrate used 


= mg. per 100 ml. 


Report in milligrams per 100 ml. and in milligrams per 24-hour specimen. 

Calibration Curve.— Make a dilute standard dye solution by placing 20.4 ml. 
of the stock solution in a 100-ml. volumetric flask and diluting to volume with 
0.5% acetic acid. (This dilute solution is equivalent to 0.6 mg. of urobilinogen 
in 100 ml.) Pipct the following amounts of dilute standard dye solution and 
0.5% acetic acid in a series of cuvets. 


Dilute Dye 
Solution, 
ml. 

0.5% Acetic 1 
Acid, 
ml. 

Equivalent to 
Mg. of Dye 
per 100 Ml. 

Equivalent 
to Mg. per 
100 ml. of 
Urobilinogen 

0.84 

19.16 

0.085 

0.025 

1.67 

18.33 

0.17 

0.05 

3.34 

16.66 

0.34 

0.10 

5.00 

15.00 

0.51 

0.15 

6.67 

13.33 

0.68 

0.20 

8.34 

11.66 

0.85 

0.25 

10.00 

10.00 

1.02 

0.30 

13.34 

6.66 

1.36 

0.40 

16.66 

3.34 

1.70 

0.50 

20.00 

0.00 

2.04 

0.60 

0.00 

20.00 

Blank 

0.00 


Read each dilution in the spectrophotometer at a wavelength of 565 m/j with the blank set 
at 100. Repeat several times, average the results, and plot readings on semilogarithmic paper 
against their values in mg. per 100 ml. of urobilinogen. 

Note.— N ormal value: 0.2 to 3 mg. per 24-hour specimen. 

Feces.— Weigh total specimen. Thoroughly mix the feces either in the carton, 
in a mortar, or m the electric mixer. Weigh out 10 g. of feces and place in a 
blender. Add 90 ml. of distilled water in small portions and mix. Allow the 
mixture to stand for a. short time and decant the supernatant suspension into a 
liter Erlcnmcyer flask containing 100 ml. of freshly prepared 20% ferrous sulfate 
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For die standard carotene solution, read a solution containing 1 ng. per ml. in 
heptane. 

For the standard vitamin A solution, use 2 ml. of the heptane solution ol the 
acetate containing 0.5 fig. vitamin A per ml. Add 1 ml. water and 1 ml. N ai. 
coholic KOH. Shake and treat as for the unknown. 

Calculations.— 


Absorbance unknown (450 m/r) 
Absorbance standard (450 m fi) 


X 200 = fig. carotene/ 100 ml. 


Drop in unknown absorbance at 325 m fi 
Drop in standard absorbance at 325 m fi 


X 100 = fig. vitamin A/ 100 ml. 


NOTI.S.— ' The extraction anti centrifuging is cairied out while ultiaviolct light is cx. 
clmlcd. This may be done by using red glusswaie or covering the containers with black 
paper. After irradiation the reading is piactically zero, and this step may be omitted if 
the carotene level is not very high. 

lor irradiation, it is best to transfer the solution to 2-ml. capacity quartz test tubes 
tightly corked with corks rubbed with silicone grease, and wiped, to pievcnt evaporation. 
However, they may be effectively irradiated in the cuvets covered with glass covers held 
in place by Scotch tape. A fan should be kept blowing on the containeis to keep them 
tool during irradiation. A good arrangement is to suspend the tubes equidistant around 
a quartz lamp (about 5 cm. distant). From below, a small fan blows upward to cool the 
uibcs. The blank is also irradiated. Mark the solvent level so that if evaporation should 
take place, the tubes can be made to volume again with heptane. It is best to irradiate 
the standard and determine the time lequircd to obtain the lowest reading. This same 
time is used for the unknowns. 

The normal vitamin A level is 15 to 60 *tg. per 100 ml. serum, and the normal carotene 
level is 120 jtg. per 100 ml. of serum. 
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SAMPLING COALS CLASSED ACCORDING TO ASH CONTENT 1 

1. These methods cover procedures for the sampling of coal classified according 
to ash content, in order to obtain samples for analysis. Sampling procedures are 
prescribed for coals of the following ash groups: 


Ash, % 

Under 8 

8.0 to 9.9 

10.0 to 14.9 

15.0 and over 


For each ash classification there are eight size groups and for each size group these 
methods prescribe a minimum number of increments, each of a minimum weight 
which results in a specified minimum weight of gross sample. 

Iwo procedures are recognized in this method, as follows: 

(1) Commercial Samplwg Procedure. 

{-) Special Purpose Sampling Procedure . 


•Note l.-I'or the determination of total moisture, two procedures are prescribed: one 
•or a standard moisture sample which is obtained by splitting out a portion during the 
reduction of the gross sample; and the other a special moisture sample which requires a 
special procedure for handling the sample. 

Principles of Sampling and Precautions —It is imperative that every sample 
^ collected and prepared carefully and conscientiously and in strict accordance 
" ll h the procedures prescribed in these methods; for if the sampling is done im- 
properly, the sample will be in error and it may be impossible or impracticable to 
a e ‘>'iother sample. However, if the analysis is in error, another analysis can 
Cll j| J made of the original sample. 

s e< j ause of the many variations in the conditions under which coal must be 
* ^ e ’ an< ^ i* 1 the nature of the material being sampled, it is essential that the 
nip es be collected by a trained and experienced sampler. Variations in the 
UUer which the coal is handled are such that it is impossible to specify rigid 

standardization procedure of the Society, these methods are under the 
DID’..? ° f the AS ™ Committee D-5 on Coal and Coke. 


Standardized as ASTM 
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rules describing the exact manner of sample collection. Correct sampling princi- 
ples must be applied to conditions as they are encountered. 

The term “increment*' as used in these methods designates that quantity of coal 
obtained by a single motion of the sampling instrument (Section 6). Due to varia- 
tions in the structure, size consist, distribution of impurities, moisture, and the 
uneven distribution of sizes and impurities, care is required in the manner of 
collecting the increments. A complete cross-section of a stream or flow of coal 
(in motion) is generally the most representative. 

The minimum weight of cadi increment is determined by the size of the coal 
as designated by round-hole screen. 

The number of increments required for a given degree of accuracy depends 
upon die variability of the coal, and this variability increases with an increase of 
"free impurity.” A coal with high inherent ash and comparatively little free 
impurity may show much less variability than a coal with a materially lower total 
ash, resulting from a low inherent ash and a high percentage of free impurity. 
For most practical purposes, an increase in total ash content usually indicates an 
increase in variability. 

These methods prescribe a minimum number of increments and the minimum 
weight per increment required for eight size groups, each divided into four ash 
classifications. 

It is essential that the increments be evenly distributed over the consignment, 
Table 31-1. Size Groups 


Group 


Size Designation • 
(Round Hole Screens) 
Top Size Range 


Grade of Coal 4 * 6 


1 

2 

3 

4 

5 

6 
7 


8 


| in. and under 
Over § to 1^ in., ind 
Over 1 j to 2 in., incl 
Over 2 to 6 in., incl 
Over 2 to 4 in., incl 
Over 4 to 6 in., incl 
Top size designation over 6 
in., and bottom size 
designation f in. or over 
Top size designation over 
6 in. 

Top size designation over 
6 in., and bottom size 
designation under | in. 


Resultants and sized coals 
Resultants and sized coals 
Resultants and sized coals 
Sized coals only 
Resultants only 
Resultants only 
Lump, block, or sized coals 


Run-of-mine and resul- 
tants 

Lump, block, or sized coals 


4 The “top size” dimension indicates all coals with such size consist as classify them under 

the group in accordance with the provisions of Section on Size Designation of the Method 
for Designating the Size of Coal from Its Screen Analysis (ASTM D431, p. 1233). 

b The term “resultant” indicates a commercial grade of coal whose size consist is essentially 
produced as a through-product of but one screen. The term “sized coal” indicates a com- 
mercial grade of coal whose size consist is essentially produced as a material passing through 
one screen and retained upon another. 






COAL AND COKE 


1140 

(c) For lots over 1000 tons, any of the following alternatives may be used: 

(/) Separate gross samples may be taken for each 1000 tons of coal or fraction 
thereof, and a calculated average (weighted) of the analytical determinations ob- 
tained on these prepared samples may be used to represent the lot (Note 2). 

(2) Separate gross samples may be taken for each 1000 tons or fraction thereof, 
and the -20-mesh or -60-mesh samples obtained from such gross samples may be 
mixed together in proportion to the tonnage represented by each sample and one 
analysis carried out on the composite sample (Note 2). 

(?) One gross sample may be used to represent the lot, provided that at least 
four times the minimum number of increments prescribed in Table 31-2 are taken. 

Note 2.— Analyzing each sample separately ami averaging the results of all samples cadi 
obtained from a 1000 ton lot or fraction theicof will give gj cater accuracy than obtained 
by making one analysis on a composite sample made up by mixing together, in the correct 
proportions, the -20-mcsh or -60-mcsh samples rcpicsciuing the 1000 ton lot or fraction 
thereof. 

5. Special Purpose Sampling Procedure.— The special purpose sampling proce- 
dure shall apply to the sampling of coal when special accuracy is required, such as, 
classification by grade or rank (p. 1254), or performance tests. 

To obtain a greater accuracy in the collection of the gross sample, increase the 
increment requirements prescribed in Table 31-2 according to the following rules: 


Increase 
Minimum 
Number of 
Increments 

To Increase Accuracy of Collection of the Gross Given in 

Sample (In 95 out of 100) Table 31-2 

±5% of the ash content of the coal sampled 4 times 

±3.33% of the ash content of the coal sampled 9 times 


6. Increments.— (a) The term “increment" as used in these methods designates 
that quantity of coal obtained for the sample by a single motion of the sampling 
instrument, such as swinging it through a stream of coal or digging into the top 
of a carload. It is recommended that where possible the coal be sampled while 
in motion. Whenever it is necessary to carry out "top sampling” of railroad cars 
oi piles, it shall be stated in the report that "top sampling" was employed. By 
top sampling is meant the collection of the gross sample from a series of holes or 
trenches dug below the surface of the coal before any portion of the contents of 
the car has been removed. 

(b) The increments shall be regularly and systematically collected so that the 
entire lot of coal sampled will be represented proportionately in the gross sample. 
Each increment shall be collected by passing the sampling instrument through a 
stream of coal or digging into a pile with the same motion and requiring approxi- 
mately the same time interval to complete the motion. The increments shall be 
collected at such frequency that not less than die specified minimum number ot 
increments are taken. The best possible increment is one which cuts entirely a 
falling stream of the coal by means of a suitable receptacle passed at a uniform 
speed, the same for each increment, into one side of die stream and out the other, 
without allowing the receptacle to overflow. 
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lc) The gross sample should contain the same proportion of lump coal, small 
coal, and impurities as is contained in the lot of coal being sampled. 

(d) The method of collecting the increments shall fulfill the requirements of 
paragraphs (a), ( b ) and ( c ). In every individual case, the method of collecting the 
increment shall be suited to the existing conditions and experience with the varia- 
tion of these conditions shall be used to govern the procedure. 

M it is well established that variations in flow, structure, or size consist of the 
coal, or in distribution of impurities, may make it impracticable to collect incre- 
ments of minimum weights specified herein. In such cases, it will be necessary to 
collect an increment of greater weight in order to conform to the requirements 
prescribed in paragraphs (b) and (c). 

(J) Sampling equipment is often not suitable or available for handling large 
lumps (8-in. cube and over) without obtaining a disproportionate amount of lump 
or small coal in the sample. Therefore, it is sometimes impossible because of 
practical considerations to collect an increment in strict agreement with the pro- 
cedure specified in paragraphs ( b ), ( c ), and (d). For instance, in some cases it would 
require the stopping of a conveyor or a crane. In most cases it would result in 
increments many times the minimum weight specified. Whenever possible, the 
method of collecting the increment shall be in a manner not to exclude any fraction 
of the increment as collected. In no case shall the method of collecting the incre- 
ment be such as to exclude lumps up to 25 pounds in weight (8-in. cube). When 
the coal is extremely lumpy it is best to break down the extremely large lumps 
before the increment is taken. If this is impossible or impractical, an increment 
as collected may contain lumps of such large size that in the experience of the 
sampler this increment would contribute an excessive proportion of lump to the 
gross sample. In such cases the proportion of lump that should be included in 
the gross sample shall be estimated; the large lumps shall be broken to pass an 
approximately 4-in. round-hole screen; and an aliquot portion selected for inclusion 
in the gross sample. The remainder of the lumps shall be discarded. 

Note 3.— Whenever the size consist is known or can be determined, individual samples 
of lump and small coal may be collected and the sample for analysis shall be prepared by 
mixing together in correct proportions the -20-mesh or -60-mesh samples representing 
the individual samples of lump and small coal. 

(&) Provision should be made for the preservation of the integrity of the sample. 

7. Reduction of Gross Samples.— (a) Reduce the gross samples for analysis by 
mechanical preparation as described in the following paragraphs (5) to ( e ). 

{b) Crusli before dividing the gross samples of coal containing pieces % in. and 
larger so that at least 95% by weight will pass through a 4760-micron (No 4) sieve 
and 100% will pass through a %-in. round-hole screen. Gross samples of coal of 
which 100% passes through a %-in. round-hole screen and less than 95% by weight 
passes through a 4760-micron (No. 4) sieve, may be divided before crushing to not 
ess than 60 pounds by passing it through a riffle sampler or its equivalent as 
described in paragraph ( c ). 

Gross samples of coal of which 100% passes through a %-in. round-hole screen 
•">' 95%, or more by weight passes through a 4760-micron (No. 4) sieve, may be 
Iu Utct * quantity to not less than 30 pounds by passing it through a riffle 
ampler or its equivalent as described in paragraph (c). 

•Should the performance of the primary crusher yield a product of which 100% 
* W l>ass liu '°iigU a 4760-micron (No. 4) sieve or 95% through a 2380-micron (No. 8) 
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sieve, then some of the intermediate crushing operations will be unnecessary. 
However, follow the requirements of paragraphs (c), (d), and (e), in respect to the 
1 elation of the weight of the sample to the openings of the riffle sampler. 

(c) Reduce the entire gross sample in quantity, crushed as described under para- 
graph (6), to not less than 30 pounds by passing it through a riffle sampler or its 
equivalent. The riffle sampler shall have openings of not less than % in. and not 
more than 1 in. Two types of riffle samplers suitable for reducing the sample as 
specified are shown in Fig. 31-1. 

(d) Crush the sample of not less than 30 pounds (paragraph (c)) so that 100% 
will pass through a 4760-micron (No. 4) sieve, and dien divide it by passing it 
through a riffle sampler with openings not less than in. and not more than % in,, 
obtaining a sample of not less than 15 pounds. Two types of riffle samplers suitable 
for reducing the sample as specified are shown in Fig. 31-2. 

(e) Further crush die sample of not less than 15 pounds (paragraph (4)) so that 
95% or more by weight will pass through a 2380-micron (No. 8) sieve. If the 
sample of not less than 15 pounds appears wet, air dry it before crushing it so that 
95% will pass dirough a 2380-micron (No. 8) sieve, as it is not practicable to crush 
wet coal to pass this size sieve. Then divide the sample by passing it through a 
riffle sampler with openings not over in. no more than three times, obtaining a 
sample of not less than 1% pounds. Two types of riffle samplers suitable for reduc- 
ing the sample as specified are shown in Fig. 31-2. However, if die determination of 
total moisture is of any significance, place the entire sample of not less than 15 
pounds of wet coal in an airtight container for transmittal to the laboratory. 

8. Sampling jor Determination of Total Moisture .— When it is desired to report 
the “total moisture’’ of coal, either a /‘standard moisture sample" or a "special 
moisture sample” shall be used. 

(a) Standard Moisture Sample. The standard moisture sample shall be used for 
the average commercial determination of total moisture, such as for control of 
preparation processes and for purchase specifications. The standard moisture sam- 
ple, obtained from die gross sample in accordance with Section 9, shall be obtained 
from coals that are not loo wet for crushing to —4 mesh. 

(b) Special Moisture Sample. The “special moisture sample” shall be used for 
die determination of total moisture when special accuracy is required such as for 
classification by rank and grade or performance tests. It shall also be used for 
coals diat are too wet to crush to —4 mesh, and is especially suitable for coals con- 
taining a high percentage of inherent moisture. 

9. Procedure for Standard Moisture Sample.— (a) Obtain the standard moisture 
sample from the gross sample collected in accordance with Sections 2 to 7, inclusive, 
taking the precautions prescribed in die following paragraphs (5) to («) in order 
to minimize moisture losses during collection and reduction of the gross sample. 

(b) In collecting, handling, and reducing the sample, perform all operations 
rapidly as it has been found diat moisture loss depends on several factors other 
than total moisture content, such as time required for crushing, atmospheric tem- 
perature and humidity, banded ingredients, and type of crushing equipment. 

(c) While awaiting preparation, protect the uncrushed sample from moisture 
change due to exposure to rain, snow, wind, and sun by covering the sample with 
a tarpaulin. Do not hold the uncrushed sample longer than 3 hours before crus » 
ing unless die weight of die original sample as taken is recorded and die moisture 
loss or gain determined before die sample is crushed. 
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(rf) Follow the reduction procedure prescribed in Section 8 except that the crush, 
ing and riffling operations shall be carried out as rapidly as possible. Store tern- 
porarily any crushed or riffled portions that have to be held in waterproof con. 
taincrs with covers (such as standard 10-gallon milk cans) until the time of final 
preparation. 

(e) Place the sample of not less than 1% pounds of -8 mesh obtained during 
the reduction of the gross sample (Section 7(e)) in an airtight container for traits- 
mittal to the laboratory. However, if the coal is too damp for crushing to pass a 
2380-micron (No. 8) sieve, place the entire sample of not less than 15 pounds of 
-4 mesh (Section 7(d)) in an airtight container for transmittal to the laboratory. 

10. Procedure for Special Moisture Sample.— (a) The “special moisture sample" 
differs from the “standard moisture sample” in the method of collecting the sample, 
but the same precautions for collecting, handling, and reducing the sample outlined 
in Section 9(5) to ( e ) shall be followed. 

( b ) Using Standard Gjoss Sample. When special accuracy is required on samples 
that are not too wet to crush to —4 mesh, the “special moisture sample” shall be 
collected from the gross sample as follows: Remove small increments of the crushed 
coal from the reject discharge of the crusher or riffle sampler (or its equivalent) 
and place them immediately in a waterproof container with tight-fitting cover. 
Each increment shall be about pound in weight. Take a sufficient number of 
Hr pound increments for a minimum of 30 pounds to be collected for the special 
moisture sample. Evenly space the increments over the entire crushing or riffling 
period so as to be representative of the entire gross sample. Fill the container 
substantially, and make it airtight for transmitting die sample to the laboratory. 

(c) Using Separately Collected Sample. For coals that are too wet to handle 
without a substantial moisture loss or cannot be crushed to -4 mesh, the special 
moisture sample shall be collected as follows, this procedure being particularly 
applicable for coals of 2-in. top size and smaller. Collect separate increments, in 
addition to those obtained for the gross sample. Place these increments in water- 
proof containers with tight-fitting covers (such as 10-gallon milk cans). Collect a 
minimum of 15 increments regularly and systematically so that die entire lot of 
coal being sampled will be represented proportionately in the special moisture 
sample. The minimum weight of each increment shall conform to the requirements 
prescribed in Table 31-2. Fill the container substantially, and make it airtight for 
transmitting the sample to the laboratory. 

ij. Handling of Moisture Samples in Laboratory.— The entire moisture sample 
as received in the laboratory, which shall have been collected as set forth in Sections 
9 and 10, shall be air-dried in accordance with the conditions prescribed in Section 
4 of the Methods of Laboratory Sampling and Analysis of Coal and Coke (ASTM 
D271, p. 1148). After air-drying, if the moisture sample is greater in weight than 
Hi pounds, the sample shall be reduced in accordance with Section 7 to pounds, 
and the resulting 1% pounds shall be crushed to 20 mesh. The moisture at 105*C. 
shall then be determined in accordance with Section 3 of Methods D271. 

12. Calculation.— The total moisture shall be calculated in accordance with the 
section on the determination of moisture, page 1150. 
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LABORATORY SAMPLING AND ANALYSIS OF COAL 

AND COKE 3 

I T j lcse methods cover procedures for laboratory sampling and analysis of coal 
md coke. The procedures appear in the following order: 

Sections 

Preparation of laboratory samples 2 to 7 

Methods of Analysis 


Purity of reagents ° 

Moisture 9 to 12 

Ash 13 to 15 

Volatile matter 16 to 19 

Fixed carbon 20 

Sulfur: 

Eschka Method 21 to 24 

Bomb Washing Method 25 and 26 

Sodium Peroxide Fusion Method 27 to 29 

Phosphorus in ash 30 to 32 

Ultimate analysis: 

Carbon and hydrogen 33 to 38 

Nitrogen 39 to 44 

Oxygen 45 

Calculation of analyses to dry basis 46 

Reproducibility of results 47 

Deterioration of coal samples 48 


PREPARATION OF LABORATORY SAMPLES 

2. Apparatus for Sampling Coal. Air-Drying Oven.— An oven for air-drying wet 
samples. A suggested form is shown in Fig. 31-3. Such an oven is not essential, but 
is economical where many samples are to be dried. 4 

Pans for Air-Drying Wet Samples.— Galvanized iron pans 18 by 18 in. by 1.5 in. 
in depth. 

Balance or Scale.— A balance or scale having a capacity of 5 kg. and sensitive 
to 0.5 g. for weighing the galvanized iron pans with samples. 

Crusher.- A jaw crusher suitable for crushing coarse samples to pass a No. 4 
yiTlO micron) sieve. 

Grimier.— A roll crusher or coffee-mill type of grinder suitable for reducing the 
material passing a No. 4 sieve to pass a No. 20 (840 micron) sieve. To reduce the 
mnUmre loss while crushing, a coffee-mill type of grinder should be entirely en- 

dowd and have an enclosed hopper and receptacle capable of holding 15 pounds 
ot coal. ° 1 


- liuler the standardization procedure of the Society, these methods are under the 
n.’Tl’ys m Uf t lC ASFM Committee D-5 on Coal and Coke. Standardized as ASTM 

see A. C. FieUlner and \V. A. Selvig, “Methods of 
Bureau of Mines, Bulletin Xo. -192 , p. 2 (1951). 


* for details of the air-drying oven, 
o'u.pmg Coal and Cuke/’ V. S. Burea 
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}. Apparatus for Sampling Coke. Pans for Total Moisture Determination.- 
Galvanized iron pans 2-4 by 2-1 by -1 in. in depth 

Balance or Solution Scale.-A balance or scale having a capacity of 10 kg. and 
sensitive to 1 g. Cor we.gh.ng the galvanized iron pans rvi.lt samples. 

Crusher.— See Section 2. r 

Roller-Crusher.— A hard-steel roll crusher suitable for reducing the material pass- 
ing a .\o. 1 sieve to pass a No. 20 sieve. u P ass 





{o> Lar ge Riffle Sampler 


Fig. 31-4. 


Note: 

May Be Constructed As Either Closed 
Or Open Type. Closed Type Preferred. • 

(t>) Small Riffle Sampler 


x crusher ' or “ ** 

l S ll P .'"““l* for the ball mill should hf s,c '' e to P ass a N °- 60 sieve. 

I ' 'fS'"- Tl 'c dint pcdib es should h PP m c ;,tely 9 in ' “ d h.meter and 

t t n° „ lh V' mUu *' -a crus cVshouM hard . and well-rounded 

Lug MeSa m 1 ,l er .- SeeScC t ion 2. ' n ° ln “ the I** 

; : ;^r ,ina,i0 " 0f ,0 'al -nocture"' K°'n “ ho .‘ P ,a “ f°r *Ti»g coke samples 

: 'T am! 200‘C UU 'lf 1 r |' CriI1 !' U '° n and should be cmnble^'.r’k t ' S, ’° Uld have openings 
<c placed i„i," thc «*« ^ dried on a stove or i „ ? be "’S regulated between 

J::! ' ! ™“ “ d 'o Pal “c 0 r dSed lhe -mpem tur P t« Vo^dl^'rlt 
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Pulverizer. -A porcelain jar ball mill, planetary disc crusher, chrome-steel buck- 
ing board, or any satisfactory form of pulverizer for reducing the material passing 
a No. 20 sieve to pass a No. 60 (250 micron) sieve. The porcelain jars for the ball 
mill should be approximately 9 in. in diameter and 10 in. in height. The flint 
pebbles should be smooth, hard, and well rounded. 

Large Riffle Sampler.— A large riffle sampler with Y>- or %-in. divisions for re- 
ducing the coal passing die No. 4 sieve to 15 pounds (see Fig. 31-4 (a)). 



Tic. 31-3. Drier for Coarse Samples. The outlet for air at the top may be connected 
with a chimney or any othei device which will furnish a suitable draft. (Bulletin Ao. 
Geological Survey of Ohio, p. 312.) 


Small Riffle Sampler.— A small riffle sampler widi Y\- or %-in. divisions for re- 
ducing the material passing the No. 20 and die No. 60 sieves to a laboratory sample 
(see Fig. 31-4 (b)). 

Sieves.— In addition to the sieves mentioned above, include a No. 60 sieve with 
cover and receiver. The sieve designations employed in these methods are those 
of the Specifications for Sieves for Testing Purposes (ASTM Ell, p. 1277), and all 
sieves shall conform to die detailed requirements of these specifications. 

Containers.— Samples in which the moisture content is important should always 
be shipped in moistuie-tight containers. A galvanized iron or tin can with an 
airtight friction top or a screw top that is sealed with a rubber gasket and a 
liesive tape is best adapted to diis purpose. Glass fruit jars sealed with rub er 
gaskets may be used, but require very careful packing to avoid breakage in transit. 
Samples in which the moisture content is of no importance need no special protec 
liou Irom loss of moisture. 
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3. Apparatus for Sampling Coke. Pans for Total Moisture Determination.- 
Galvanized iron pans 24 by 24 by 4 in. in depth. 

Balance or Solution Scale.-A balance or scale having a capacity of 10 kg. and 
sensitive to 1 g for weighing the galvanized iron pans with samples. . 

Crusher.— See Section 2. 1 

Roller-Crusher.-A hard-steel roll crusher suitable for reducing the material oass 
ing a No. 4 sieve to pass a No. 20 sieve. S i tenai P ass ' 


Rolled Edges- 



AT" 


-l<r 
r o 

io|«r 

'T I 




(o) Lor ge Riffle Sampler 


Capacity 30 Pounds 
Minus 4-Mesh Coal 


Note: 

0? y ot e n C T 0nSt Z Cted As Either Closed 
Or Open Type, closed Type Preferred. 


Fig. 31-4. 


(t>) Small Riffle Sampler 


mortar for reducing 1 the^product'na h . ard ' st ^ ™11 crusher, or hard-steel di 
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4. Sample Preparation for Coal Appearing Dry.— Crush the sample that has been 
collected and reduced in accordance with tire Methods of Sampling Coals Classed 
According to Ash Content (p. 1137) by passing through rolls or an enclosed grinder 
adjusted so that the product will pass a No. 20 sieve. Take a 50-g. total moisture 
sample, without sieving, immediately after the material has passed through the 
crushing apparatus. This sample should be taken with a spoon from various parts 
of the product passing a No. 20 sieve, and should be placed directly in a rubber- 
stoppered bottle. 

Thoroughly mix the main portion of the sample, reduce on the small riffle sam- 
pler to about 200 g., and pulverize to pass a No. 60 sieve by any suitable apparatus 
without regard to loss of moisture. After all the material has been passed through 
the No. 60 sieve, mix, and divide it on the small riffle sampler to about 50 g. 
Transfer the final sample to a 4-ounce rubber-stoppered bottle. Determine mois- 
ture in both the No. 60 sieve sample and the No. 20 sieve sample in accordance 
with Sections 9, 10, 11 and 12. 

Note 1.— Samples ciushed to pass a No. 4 sieve, prepaicd in accordance with the 
Methods ol Sampling Coals Classed According to Ash Content, may be crushed to pass a 
No. 8 (2380 micron) sieve and reduced to not less than 1% pounds in accordance with 
Section 7(e) of Methods D492, p. 1 142. 

5. Sample Preparation for Coal Appearing Wet.— Spread the sample on tared 
pans, weigh, and air-dry at room temperature, or in the special drying oven shown 
in Fig. 31-3 at 10° to 15 e C. above room temperature, and weigh again (Note 2). 
Continue the drying until the loss in weight is not more than 0.1% per hour. Dry 
ing should not be continued beyond this point because of the oxidation of the coal. 
Complete the sampling as described in Section 4 for dry coal. 

Note 2.— Ficslil) mined or wet coal loses moistuic lapidly on exposure to the air of the 
laboratory hence the sampling operations between opening the container and taking the 
total-moisture sample passing a No. 20 sieve must be conducted with the utmost dispatch 
and with minimum exposure to air. 

6. Sample Preparation of Coal Appearing Wet or Dry, Ball-Mill Method.— This 
method of sampling 5 does not require a total moisture sample of the coal passing 
a No. 20 sieve as do the methods described in Sections 4 and 5. The coal is first 
air-dried to bring it to a condition of approximate equilibrium with the air to 
minimize moisture change during die preparation of the sample for analysis. After 
air-drying, all operations are performed with the utmost dispatch to prevent mois- 
ture change. Fine grinding of the sample is done in an airtight ball mill. Total 
moisture is calculated from the air-drying loss and the residual moisture in the 
sample prepared for analysis. 

Spread the sample on tared pans, weigh, and air-dry in die special moisture oven 
shown in Fig. 31-3 at 10° to 15°C. above room temperature until the loss in weight 
between two successive weighings made 6 to 12 hours apart does not exceed 0.1% 
per hour. Drying should not be continued beyond this point because of the oxi- 
dation of the coal. Record die loss in weight as "air-drying loss.” 

Immediately after the final weighing, quickly crush the entire sample 5 by means 
of a roll crusher adjusted so the product will pass a No. 20 sieve. Then, without 
sieving, quickly reduce the coal on the small riffle sampler to about 200 g- ^ ut 

5 This method of sampling is used by the U. S. Bureau of Mines, see A. C. Fieldner and 
W. A. Selvig, "Methods of Analyzing Coal and Coke,” U. S. Bureau of Mines, Butte 
No. 192, p. 1 (1951). 
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by impact in a hard-steel diamond mortar. The use of rubbing surfaces such as 
a disc pulverizer or a bucking board is never permissible for grinding coke. 

Note 3 —The accuracy of the method of preparing laboratory samples should be checked 
frequently by resampling the rejected portions and preparing a duplicate sample. The 
ash in the two samples should not differ by more than 0.4%. 

METHODS OF ANALYSIS 

Note 4.— Results of analyses may be calculated to the dry coal basis as proiided in 
Section 46, 

8. Purity of Reagents .— Reagent grade chemicals shall be used in all tests. Unless 
otherwise indicated, it is intended that all reagents shall conform to the specifica- 
tions of the Committee on Analytical Reagents of the American Chemical Society, 
where such specifications are available. 7 Other grades may be used provided it is 
first ascertained that the reagent is of sufficiently high purity to permit its use 
without lessening the accuracy of the determination. 

Unless otherwise indicated, references to water shall be understood to mean 
reagent tvater conforming to the Specifications for Reagent Water (ASTM Desig- 
nation: D1193). 



Fic. 31-5. Toluene or Glycerol and Water Oven for Determining Moisture ( Bulletin 
A'o. 192 , U. S. Bureau of Mines, p. 6, 1951). 

MOISTURE 

9. Apparatus. Moisture Oven, for Coal.— For determining the moisture of coal, 
the oven shall be so constructed as to have a uniform temperature in all parts and 
a minimum of air space. It may be of the form shown in Fig. 31-5. Provision shall 
be made for renewing the air in the oven at the rate of two to four times a minute, 
with the air dried by passing it through sulfuric acid. 

7 “Reagent Chemicals, American Chemical Society Specifications,” Am. Chem. Soc., 
Washington, D. C. Tor suggestions on the testing of reagents not listed by the America 
Chemical Society, see "Reagent Chemicals and Standards,” by Joseph Rosin, D. a 
Nostrand Co., Inc., Princeton, N. J., and the “United States Pharmacopoeia.” 
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Moisture Oven, for Coke.— For determining tire moisture of coke, an ordinary 
drying oven with openings for natural air circulation and capable of temperature 
regulation between limits of 104° and 110°C. may be used. 

Capsules with Covers.— A convenient form, which allows the ash determination 
vo be made on the same sample, is a porcelain capsule, % in. in depth and 1% in- 
in diameter, or a fused silica capsule of similar shape. This shall be used ivith a 
well-fitting flat aluminum cover, illustrated in Fig. 31-6. Platinum crucibles or 
glass capsules with ground-glass caps may also be used. They should be as shallow 
as possible, consistent with convenient handling. 

10. Materials. Desiccant.— Sulfuric acid (H 2 S0 4 , sp. gr. 1.84). 

11. Procedure for Coal or Coke Passing a No. 60 Sieve .— Heat the empty capsules 
under the conditions at which the sample is to be dried, place the stopper or cover 
on the capsule, cool over sulfuric acid for 30 minutes, 
and weigh. Dip out with a spoon or spatula from the 
sample bottle approximately 1 g. of the sample. Put 
this quickly into the capsule, close, and weigh at once. 

An alternate procedure for weighing out the sample 
(more subject to error) is as follows: After transferring 
an amount of the sample slightly in excess of 1 g., bring 
to exactly 1 g. in weight (±0.5 mg.) by quickly remov- 
ing the excess weight of the sample with a spatula. 

The utmost dispatch must be used in order to mini- 
mize the exposure of tire sample until the weight is 
found. 

After removing the covers, quickly place the capsules 
in a preheated oven (at 104° to 110°G.) through which passes a current of air dried 
by sulfuric acid (sp. gr. 1.84) (the current of dry air is not necessary for coke). 
Close the oven at once and heat for 1 hour. Open the oven, cover the capsules 
quickly, cool in a desiccator over sulfuric acid (sp. gr. 1.84), and weigh. 

Use the percentage of moisture in the sample passing a No. 60 sieve to calculate 
the results of the other analyses to a dry basis. 

12. Procedure for Coal Passing a No. 20 Sie z/e.-Use 5 g. of the sample, weighed 

° t ie nearest 2 mg., and heat for 1)£» hours. Complete the determination as de- 
scribed m Section 11. 



Fig. 31-6. Capsule for Use 
in Determining Moisture. 
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tecator, and weigh as soon as cold. (Notes 6 and 7). 
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Note 5.— Befoie leplacing the capsules in the muffle for ignition to constant weight, the 
ash should be stirred uith a platinum or Nichrome wiie. Stirring once or twice before 
the first weighing hastens complete ignition. 

Note 6.— The result obtained by this method is “unconected” ash. For “conetted" ash 
see the preliminary report.* The actual mineral matter in the oiiginal coal is usually 
\ery diilcrent in weight and composition from the weight of the “uncorrected" ash. 

Note 7.— Difficulty may be experienced in securing satisfactory check determinations of 
ash in the same or different laboratories for coals unusually high in calcite and pyrite. 
This is caused by varying amounts of sulfate sulfur being retained in the ash. When 
such difficultv is encountered, or when coals of relatively high ash content whose mineral 
matter composition is unknown are encountered, the ash should be determined by the 
following modified procedures: 

(a) Plate the porcelain capsules containing the dried coal from the moisture determi- 
nation in a cold uiuffic furnace and heat gradually so that the temperature reaches 500°C. 
in I hour, and 750°C. in 2 hours. Heat to constant weight at 750°C. By this means 
pyritic sulfur will be oxidized and expelled before the calcite is decomposed. An ample 
supply of air in the muffle must be assured at all times to ensure complete oxidation of 
the pynuc sulfur and proper circulation through the muffle must be assured to remote 
the S0 3 formed. 

(5) The modified piocedure described in paragraph (a) should be adequate for deter- 
mining ash in all troublesome commercial samples. However, samples may be encountered 
in certain special studies whose ash values are quite high and whose mineral matter 
contains much greater than normal amounts of calcite and pyrite. In such cases sulfate 
sulfur should be determined on the ash obtained by the modified cold muffle method 
and the value properly corrected, or the Parr ° sulfated ash method as modified by Rees 10 
should be used. 

15. Procedure for Coke .— Place the capsules containing the dried coke from the 
moisture determination in a muffle furnace or over a burner, and heat to redness 
at such a rate as to avoid mechanical loss (Note 5). Finish the ignition to constant 
weight (±0.001 g.) at a temperature not exceeding 950°C. Cool in a desiccator, 
and weigh. 

Note 8.— Test the ash for unburiicd carbon by moistening it with alcohol; any caibon 
lemaining will show as black particles. 

VOLATILE MATTER 

16. Apparatus. Platinum Crucible with Closely Fitting Cover, for Coal.— The 
crucible shall be of not less than 10 nor more than 20 ml. in capacity, not less than 
25 nor more than 35 mm. in diameter, and not less than 30 nor more than 35 mm. 
in height. 

Platinum Crucible with Closely Fitting Cover, for Coke.— The crucible shall be 
of 10-mi. capacity, with capsule cover having thin flexible sides fitting down into 
crucible. Or the double-crucible method may be used, in which the sample is 
placed in a 10- or 20-ml. platinum crucible, which is then covered with another 
crucible of such a size that it will fit closely to the sides of the outer crucible, and 
its bottom will rest to % in. above the bottom of the outer crucible. 

Vertical Electric Tube Furnace, or a Gas or Electrically Healed Muffle Furnace, 
for Coal or Coke.— The furnace may be of the form shown in Fig. 31-7. It shall 

8 Report on Fixed Carbon and Ash, Proceedings, Am. Soc. for Testing Mats., Vol. XIV, 
Part I, p. 426 (1914). 

°S. W. Parr, “Chemical Study of Illinois Coal.” Bulletin No. 3, p. 35, Illinois Coal 
Mining Investigations. State Geological Survey, Urbana, III. (1916). ,. f , 

10 O. W. Rees, “Determining Ash in High Carbonate Coals. Study of the 
Method,” Industrial and Engineering Chemistry, Analytical Edition, Vol. 9, pp. 
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case of coke, after heating 2 or 3 minutes, tap the cover lightly to more perfectly 
seal the crucible and thus guard against the admission of air. After heating for 
exactly 7 minutes, remove the crucible from the furnace and, without disturbing 
the cover, allow it to cool. Coke should be cooled in a desiccator. Weigh as soon 
as cold. The loss of weight minus moisture equals the volatile matter. 

Note 9.— The cover should fit closely enough so that the carbon deposit fiom bitumi- 
nous, subbituminous, and lignitic coals does not burn away from the under side. 

Note 10.— Regulation of temperature to within the prescribed limits is important. 

Note 11.—' With some stiongly caking low-volatile and medium-volatile bituminous coals, 
the coke button may be broken with explosive violence, due to the liberation of volatile 
matter within the button. This is usually designated as “popping.” Such popping may 
blow the lid oil the crucible and cause mechanical losses of the coked material. When 
such popping is observed, the detcimination shall be rejected and the test repeated until 
popping does not occur. 

18. Modified Procedure for Subbituminous Coal, Lignite, Peat, and Certain 
Cokes, Chars, Anthracites, and Semianthracites.— (a) Mechanical losses are incurred 
on suddenly heating peat, lignite, and subbituminous coal; such losses also occur 
with some low-temperature cokes, green cokes, chars, anthracites, and semianthra- 
cites. This mechanical loss is usually designated as “sparking” and is caused by 
particles of the fuel being ejected from the crucible by the too rapid escape of 
steam or volatile matter. These particles become incandescent in the flame of the 
burning volatile constituents and may be seen around the edge of the crucible 
cover, sometimes only U in. above the crucible and at other times shooting several 
inches to the top of the furnace. In severe cases of sparking, ash deposits and some- 
times unburned material will be found on the crucible cover. Small amounts of 
ash deposits are sometimes found on the crucible cover in case of moderately spark- 
ing fuels. All fuels that do not cake when volatile matter is determined shall be 
watched closely for sparking during the heating period; also, at the end of the test 
the crucible cover shall be inspected for ash deposits, and the presence of such 
deposits shall be considered as evidence of sparking. 

(b) Volatile Matter by Modified Procedure.— All fuels that spark when the vola- 
tile matter is determined by the methods described in Sections 17 and 19 shall be 
treated as follows: The sample shall be given a preliminary gradual heating such 
that a temperature of 600° ± 50°C. is readied in 6 minutes (Notes 12, 13, 14). After 
this preliminary heating the sample is heated for exactly 6 minutes at 950° ± 20°C. 
If sparking is then observed the determination shall be rejected and the test re- 
peated until no sparking occurs either during the preliminary heating or during 
the 6-minute period at 950°C. Remove crucible from furnace and cool on a metal 
cooling block and weigh (Note 15). The percentage loss in weight minus the per 
cent moisture is the volatile matter. All analyses by this method shall be marked 
to indicate that the modified procedure was used. 

Note 12.— If a tubular furnace of the Fieldner type is used for the detcimination of 
volatile matter, the preliminary gradual heating may be accomplished by moving the 
crucible to predetermined positions in the cooler top zone of the furnace. Due to varia- 
tions in the heating characteristics of the furnace, the operator must determine by the 
thermocouple method in Section 19 for each furnace the proper position to meet pic- 
)i in i nary heating rate as specified. It is also possible to use a mechanical device to lower 
the crucible into the furnace. 
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VnTP i q Tf electric muffle furnaces are used the heating may be accomplished by using 

...‘furnaces situated side by side, one furnace being controlled at 550° * 10°C., the other 
± 10°C The crucible containing the sample is placed on a Nichrome support 
t) ln u in hia'h, and placed in the muffle furnace controlled at 550° * 10°C. for exactly 
a minutes after which time it is rapidly transferred along with its Nichrome support to 
die second muffle furnace, controlled at 950° * 10°C., and allowed to remain for exactly 

6 minutes. 


Note 14. If the Meker burner method described in paragraph (c) is used, tire rate of 

heating specified in (b) shall be observed. 

Note 15.-To insure uniformity of results the cooling period should be kept constant 
and should not be prolonged beyond 15 minutes. 


(c) If the Meker burner method described in Section 19 is used for the volatile 
matter determination, the preliminary heating shall be done by playing the flame 
of a burner upon the bottom of the crucible in such a manner as to bring about 
the discharge of volatile matter at a rate not sufficient to cause sparking. After 
this preliminary heating, the crucible shall be heated for exactly 6 minutes at 
950 °C. as described in Section 19. If sparking occurs during this 6-minute heating 
period, the determination shall be rejected and another made. 

19. Procedure for Coal and Coke, Using Meker Burner .— Weigh 1 g. of the 
sample in a weighed platinum crucible and close with a cover or, in the case of 
coke, another crucible as described in Section 16. Place in the flame of a No. 4 
Meker burner, having an outside diameter at the top of approximately 25 mm. and 
giving a (lame not less than 15 cm. in height. The temperature should be 950° ± 
20°C. as determined by placing a thermocouple through the perforated cover, which 
for this purpose may be of nickel or asbestos. The junction of the couple should 
be placed in contact with the center of the bottom of the crucible; or the tempera- 
ture may be indicated by the fusion of pure potassium chromate (K 2 Cr0 4 ) in the 
covered crucible (fusion of K 2 Cr0 4 , 968° C.). 11 The crucible shall be placed in the 
flame about 1 cm. above the top of the burner and the heating continued 7 minutes. 
Where the gas pressure is variable it is well to use a U-tube attachment to the 
burner. 


FIXED CARBON 

20. Calculation.— Calculate fixed carbon in coal or coke, as follows: 

Fixed carbon, % = 100 — (moisture + ash -f- volatile matter) 

SULFUR BY THE ESCHKA METHOD 

2/. Apparatus. Gas or electric muffle furnace, or burners, for igniting the sample 
'utli the Eschka mixture and for igniting the barium sulfate (BaS0 4 ). 

Crucibles or Capsules.— Porcelain capsules, % in. in depth and 1% in. in diameter, 
porcelain crucibles of 80-ml. capacity, high or low form, or platinum crucibles 
0 similar size shall be used for igniting the sample with the Eschka mixture. Por- 
ai »- platinum, alundum, or silica crucibles of 10- to 15-ml. capacity, shall be 
„ , igniting the BaS0 4 . 

heagents. Barium Chloride Solution (100 g. per liter).— Dissolve 100 s. of 
•wunn chloride (BuC 1 2 *2H 2 0) in 1 liter of water, 
romine Water (Saturated).— Add an excess of bromine to 1 liter of water. 

b- S. Bureau of Mines, Reports of Investigations, Serial No. 2917 (1929). 
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Eschka Mixture.— Thoroughly mix 2 parts by weight of light calcined magnesium 
oxide (MgO) with 1 part of anhydrous sodium carbonate (Na_,C0 3 ). Both materials 
should be as free as possible from sulfur. 

Hydrochloric Acid (1:1).— Mix equal volumes of concentrated hydrochloric acid 
(HC1, sp. gr. 1.19) and water. 

Hydrochloric Acid (1:9).— Mix 1 volume of concentrated hydrochloric acid 
(HC1, sp. gr. 1.19) with 9 volumes of water. 

Methyl Orange Indicator Solution (0.2 g. per liter).— Dissolve 0.02 g. of methyl 
orange in 100 ml. of hot water and filter. 

Sodium Carbonate, Saturated Solution.— Dissolve approximately 60 g. of crystal- 
lizetl sodium carbonate (Na-jCOj-IOHoO) or 22 g. of anhydrous sodium carbonate 
(Na<,C0 3 ) in 100 ml. of water, using a sufficient excess of Na 2 C0 3 to insure a satu- 
rated solution. 

Sodium Hydroxide Solution (100 g. per liter).— Dissolve 100 g. of sodium hydrox- 
ide (NaOH) in 1 liter of water. This solution may be used in place of the NaX0 3 
solution. 

23. Procedure for Coal and Coke, (a) Preparation of Sample and Mixture.— 
Thoroughly mix on glazed paper approximately 1 g. of the sample and 3 g. of 
Eschka mixture. The amount of sample to be taken will depend on the amount 
of BaCU solution required in accordance with paragraph (c). Transfer to a porce- 
lain capsule or porcelain crucible, or a platinum crucible, and cover with about 
1 g. of Eschka mixture. 

(b) Ignition.— On account of the amount of sulfur contained in artificial gas, 
the crucible shall be heated over an alcohol, gasoline, or natural gas flame as de- 
scribed in Item ( 1 ) of this paragraph, or in a gas or electrically heated muffle as 
described in Item (2) for coal and in Item (3) for coke. The use of artificial gas 
for heating the sample and Eschka mixture is permissible only when the crucibles 
are heated in a muffle. 

(/) Heat the crucible, placed in a slanting position on a triangle, over a very 
low flame to avoid rapid expulsion of the volatile matter which tends to prevent 
compJeie absorption ol the products of combustion of the suifur. Heat the crucible 
slowly for 30 minutes, gradually increasing the temperature and stirring after all 
black particles have disappeared, which is an indication of the completeness of the 
procedure. 

(2) For Coal. Place the crucible in a cold muffle and gradually raise the tem- 
perature to 800° ± 25°C. in about 1 hour. Maintain this maximum temperature 
for about 1% hours. 

(3) For Coke. Place the crucible in a warm muffle and gradually raise the tem- 
perature to 800“ ± 25°C. in about 30 minutes. Maintain this maximum tempera- 
ture until on stirring all black particles have disappeared. 

(c) Subsequent Treatment.— Remove the crucible and empty the contents into a 
200-ml. beaker and digest with 100 ml. of hot water for to % hour, while stirring 
occasionally. Filter and wash the insoluble matter by decantation. After several 
washings in this manner, transfer the insoluble matter to the filter and wash five 
times, keeping the mixture well agitated. Treat the filtrate, amounting to about 
250 ml., with 10 to 20 ml. of saturated bromine water, make slightly acid with 
HC1, and boil to expel the liberated bromine. Make just neutral to methyl orange* 
with NaOH or NaX0 3 solution; then add 1 ml. of HCI (1:9). Boil again and add 
slowly from a pipet, while stirring constantly, 10 ml. or more of BaCI 2 solution. 
The BaCl 2 solution must be in excess. Whenever more than 10 ml. of BaCIo so]u> 
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tion is required, the weight of sample (paragraph (a)) shall he reduced to about 
0 5 depending on the sulfur content. Continue boiling for 15 minutes and allow 
to stand for at least 2 hours, or preferably overnight, at a temperature just below 
boilin'c Filter through an ashless paper and wash with hot water until silver 
nitrate (AgNO a ) solution shows no precipitate with a drop of the filtrate. 

Place the wet filter containing the precipitate of barium sulfate (BaS0 4 ) in a 
weighed platinum, porcelain, silica, or alundum crucible, allowing a free access of 
air by folding the paper over the precipitate loosely to prevent spattering. Smoke 
the paper off gradually and at no time allow it to burn with flame. After the paper 
is practically consumed, raise the temperature to approximately 925°C. and heat to 
constant weight. 

Dissolve the residue of magnesium oxide (MgO), etc., after leaching, in HC1 and 
test with great care for sulfur. When an appreciable amount is found this should 
be determined quantitatively. The amount of sulfur retained is by no means a 
negligible quantity. 12 

(d) Blanks and Corrections.— In all cases, a correction must be applied either 
by running a blank exactly as described above, using the same amount of all re- 
agents that were employed in the regular determination, or more accurately by 
determining a known amount of sulfate added to a solution of the reagents after 
these have been put through the prescribed series of operations. If this latter 
procedure is adopted and carried out once a week or whenever a new supply of 
a reagent must be used, and for a series of solutions covering the range of sulfur 
content likely to be met with in the samples, it is only necessary to add to or sub- 
tract from the weight of BaS0 4 obtained from a sample, whatever deficiency or 
excess may have been found in the appropriate “check” in order to obtain a result 
that is more certain to be correct than if a “blank” correction as determined by the 
former procedure is applied. This is due to the fact that the solubility error for 
BaS0 4 , for the amounts of sulfur in question and the conditions of precipitation 
prescribed, is probably the largest one to be considered. Barium sulfate is soluble 13 
in acids and even in pure water, and the solubility limit is reached almost imme- 
diately on contact with the solvent. Hence, in the event of using reagents of very 
superior quality, or of exercising more than ordinary precautions, there may be no 
apparent “blank” because the solubility limit for the solution for BaS0 4 has not 
been reached or at any rate not exceeded. 

21. Calculation.— Calculate the sulfur content as follows: 


O ,c or (A-B)x 13.735 
Sulfur, % = — — 

where .1 = grams of BaSC >4 precipitated 
7? = grams of BaSO.t in the blank 
C — grams of sample used 

niprkna 16 :~ As shown in the preliminary report, 11 the Atkinson and sodium peroxide 
that if -w Ve / eS “ ltS in c . lose a g reem ent with the Eschka method. Regester is has shown 
sulfur nf ° f n ] ltr .°8 en is present in the gases contained in the bomb calorimeter the 
of tho Lt sample is almost completely oxidized to sulfuric acid (H 2 S0 4 ) and the washings 
calorimeter may be used for the determination of sulfur. 

Journal, Ain. Chem. Soc., Vol. 21, p. 1125 (1899). 
uiZZ, ? hem ‘ Soc - Vol. 32, p. 588 (1910). Vol. 33, p. 829 (1911). 

"Ibid Vol 6 n pTl" a (ml) Eugineering Chemistr y> Vol. 5, p. 5 (1913). 
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SULFUR BY THE BOMB WASHING METHOD™ 

25 • Reagents. Ammonium Hydroxide (sp. gr. 0.90).— Concentrated ammonium 
h)droxide (NH 4 OH). 

Bromine Water (Saturated).— See Section 22. 

Hydrochloric Acid (1:1).— See Section 22. 

Sodium or Potassium Hydroxide, Standard Solution. 

Wash Solution.— Dilute 1 ml. of a staturated solution of methyl orange to 1 liter 
will* water. 

26. Procedure for Coal and Coke. Ignition.— Sulfur is determined in the wash- 
ings from the oxygen-bomb calorimeter following the calorimetric determination. 
The type of bomb, amount of water in the bomb, oxygen pressure, and amount of 
sample taken shall be the same as specified under the calorimetric determination 
(see Sections 51 to 54 of ASTM D271-58 not included here). The bomb shall 
stand in the calorimeter water for not less than 5 minutes after firing. 

Subsequent Treatment.— Remove the bomb from the calorimeter water and open 
the valve carefully so as to allow the gases to escape at an appioximately c\en 
rate so the pressure is reduced to atmospheric in not less than 1 minute. Bombs 
equipped with valves other than needle valves, such as compression valves, shall 
be provided with a device so the valve can be controlled to permit a slow and uni- 
form release of the gases. Open the bomb and examine the inside for traces of 
unburned material or sooty deposit. If these are found, the determination shall 
be discarded. Wash carefully all parts of the interior of the bomb, including the 
tray, with a fine jet of water containing methyl orange (sec Section 25) until no acid 
reaction is observed. It is essential to wash through the valve opening in the case 
of bombs equipped with compression valves, or other types of valves with large 
openings, as considerable spray may collect in such valve openings. 

Collect the washings in a 250-ml. beakfer and titrate with standard sodium or 
potassium hydroxide solution to obtain the "acid correction” for the heating value, 
as specified under the calorimetric determination. Add 1 ml. of NH 4 OH, heat 
the solution to boiling, and filter through a qualitative paper. Wash the residue 
and paper thoroughly five or six times with hot water. To the filtrate and wash- 
ings, amounting to about 250 ml., add 1 ml. of saturated bromine water and suffi- 
cient HCl to make it slightly acid. Boil the solution to expel the excess bromine. 
Adjust tile acidity, precipitate, and determine the sulfur as specified under the 
Esclika method, Section 23. 

SULFUR BY THE SODIUM PEROXIDE FUSION METHOD ™ 

27. Apparatus. Combustion Bomb.— The Parr coal-sulfur bomb, or its equivalent, 
shall be used. The bomb shall have an inner surface that is not attacked by die 
chemicals on ignition of the charge. 

28. Reagents. Benzoic acid, powdered. 

Hydrochloric Add (sp. gr. 1.19).— Concentrated hydrochloric acid (HCl). 

Potassium diloratc (KC10 3 ), powdered. 

Potassium perchlorate (KCI0 4 ), powdered. 

Sodium peroxide (Na.,0.,), powdered, sulfur-free. 

29. Procedure for Coal and Cofce.-Place 1 g. of KC10 4 or KCIO a in a dry sulfur 

10 W. A. Selvig and A. C. Fiddlier, “Check Determinations of Sulfur in Coal and Coke 
by the Eschka, Bomb- Washing, and Sodium Peroxide Fusion Methods,” Industrial ana 
Engineering Chemistry, Vol. 29, pp. 729-7S5 (1927). 



COAL AND COKE 1159 

bomb and break up any lumps that occur. Add 0.5 g. of tire sample and mix 
thoroughly with a glass rod. Then add about 15 g. of Na 2 0 2 (Caution, Note 17) 
close the bomb, and mix thoroughly by shaking. In the case of cokes or anthracites, 
or coals excessively high in ash that fail to ignite or luse properly (as indicated by 
die fusion being honeycombed in appearance), add 0.3 g. of benzoic acid to the 
bomb at die time the chlorate and sample are added. 

Note 17: Caution.— It should be noted that a mixture of KCIO 3 and organic matter 
alone produces a mixture of extremely explosive properties. One of the important func- 
tions of the NaoOo is to provide a diluent, thus slowing down the reaction, so care should 
he taken that it is" not omitted in the charge. Potassium perchlorate is fully equal if not 
superior to the KCIO 3 , and is without turbulence in its reaction. 

Fasten the cover securely to the bomb and ignite the charge (Caution, Note 18) 
by applying a sharply pointed flame from a blast lamp to tire bottom of the bomb 
for a brief period, or by electric ignition, according to the type of bomb used. Al- 
low 1 minute for complete combustion to take place after ignition; then cool under 
the tap or in a vessel of water. 

Note IS: Caution.— Place the bomb inside a piece of steel pipe when the charge is 
ignited to prevent possible injury to the operator if the bomb should burst. 

Remove the cover from the bomb, place the bomb on its side in a 400-ml. beaker, 
and wash die cover with a fine jet of hot water. Place a watch glass over the beaker 
and cautiously add about 100 ml. of hot water. After the contents of the bomb 
have dissolved, remove and rinse it carefully with die water. Slowly add HC1 to the 
neutral point; dien add I to 2 ml. of HG1 in excess. Filter through qualitative 
paper into a 600-ml. beaker and wash thoroughly five or six times with water. Di- 
lute the filtrate to approximately 400 ml., and precipitate die sulfur with BaCl 2 
solution and determine as specified under the Eschka mediod. Section 23. 

Blank Correction.— Apply a correction by running a blank on the reagents used. 

PHOSPHORUS IN ASH 
50. Reagents. Ammonium nitrate (NH 4 N0 3 ). 

Hydrofluoric acid (HF). 

Molybdate Solution.— Dissolve 65 g. of molybdic acid (85% MoOg) in a mixture 
of 14b nil. of NH 4 OH and 142 ml. of water. Add this solution slowly, while stirring 
constantly, to 715 nil. of HNO s (3:5). If the solution is cloudy, add two drops of 
the ammonium phosphate solution and allow the precipitate which forms to settle. 
Filter the solution into bottles and, if necessary, refilter just before using. If the 
molybdic acid used is 100% MoO a , 56 g. should be taken instead of 65 g. 
hitric Acid (sp. gr. 1.42).— Concentrated nitric acid (HNO g ). 

Nitric Acid (3:5).— Mix 3 volumes of HNO s (sp. gr. 1.42) with 5 volumes of water. 
Potassium nitrate (KN0 3 ). 

Sodium carbonate (Na 2 C0 3 ). 

Sodium Hydroxide, Standard Solution.— The sodium hydroxide (NaOH) may, well 
e made equal to 0.00025 g. of phosphorus per milliliter, or 0.005% for a 5-g. sample. 
iudl a solution would be 0.926 of 0.2 NN 
Sodium nitrate (NaNO a ). 

jl ' P ™ cedure f or Coal and Coke: For all Cases .— Add to the ash from 5 g. of the 
m P c, in a platinum crucible, 10 ml. of HN0 3 (sp. gr. 1.42) and 3 to 5 ml. of HF. 

11 Ulman and Buch, Chemical Engineer, Vol. 10, p. 130 (1909). 
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Evaporate the liquid, ignite the residue, and fuse with 3 g. of NaX0 3 . If un- 
burned carbon is present, mix 0.2 g. of NaNO a with the carbonate. Leach the melt 
with water and filter the solution. 

Ignite the residue, fuse with Na 2 C0 3 alone, leach the melt with water, and filter 
the solution. Just acidify with HNO s the combined filtrate held in a flask, add 3 
to 5 ml. of HN0 3 (sp. gr. 1.42) in excess, and concentrate to a volume of 100 ml. 

Add 6 g. of NH 4 NO a , bring the temperature of the solution to 80°C., add 50 ml. 
of molybdate solution, and shake the flask for 10 minutes. When the precipitate has 
settled, filter, and wash the precipitate until free from acid with KN0 3 solution 
( 2 %). 

Place the filter paper with the precipitate in the flask, add 25 ml. of recently 
boiled water, and macerate the filter paper with a glass stirring rod. Add a meas- 
ured excess of NaOH solution and agitate the solution to completely dissolve die 
precipitate. Add three drops of phenolphthalein solution as an indicator and 
titrate the excess NaOH with a standard HNO a solution. 

Note 19.— The advantage of the use of HF in the initial attack of the ash lies in the 
resulting removal of silica. Fusion with alkali carbonate is necessary for the elimination 
of titanium, which if present and not removed will contaminate the phosphomolybdatc 
and is said to sometimes retaid its precipitation. 

32. Procedure jor Coal and Coke: When Titanium Is Lorn.— When titanium is 
so low as to offer no interference, decompose the ash as described in Section 31, 
but carry the evaporation only to a volume of about 5 ml. Dilute the solution with 
water to 30 ml., boil, and filter into a flask. If the washings are turbid, pass diem 
again through the filter. Ignite the residue in a platinum crucible, fuse with a 
small amount of Na 2 C0 3 , dissolve the melt in HN0 3 , and add the solution, if 
clear, to the main one. If not clear, filter. The fusion of the residue may be 
dispensed with in routine work on a given coal or coke, if it is certain that the 
tesidue is free fiom phosphorus. 

Add NH 4 OH to the filtrate until a slight precipitate ensues. Add HN0 3 (sp. gr. 
1.42) to just dissolve the precipitate; then add 3 to 5 ml. of the add in excess. 
Heat the solution, whidi should have a volume of about 100 ml., to 80°C. and add 
50 ml. of moylbdatc solution. Shake die flask for 10 minutes, filter and determine 
the phosphorus as described in Section 31. 

CARBON AND HYDROGEN 

33. The determination of carbon and hydrogen is made by burning a weighed 
quantity of sample in a closed system and fixing the products of combustion in ail 
absorption train after complete oxidation and purification from interfering sub- 
stances. This method gives the total percentages of carbon and hydrogen in the 
coal as analyzed, and includes the carbon in carbonates and die hydrogen in the 
moisture and in the water of hydration of silicates. 

3-t. Apparatus. Oxygen purifying train, consisting of the following units ar- 
ranged as listed in the order of passage of oxygen. 

(/) First Water Absorber. A container for the solid dehydrating reagent. It 
shall be so constructed that the oxygen must pass through a column of reagent ade- 
quate to secure water equilibrium equal to that secured in the prescribed absorp- 
tion train. A container of large volume and long path of oxygen travel through 
the reagent will be found to be advantageous where many carbon and hydrogen 
determinations are made. 
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m Carbon Dioxide Absorber. A container for solid carbon dioxide absorbing 
r’cnt. It shall be constructed as described in item (/) (above) and shall provide 
(or a column of reagent adequate to remove completely carbon dioxide. 

(j) Second water absorber , same as specified in Item (/) of this paragraph. 

(/) Flow meter, used to permit volumetric measurement of the rate of flow of 
oxv’en during the determination. It shall be suitable for measuring flow rates 
within the range of 50 to 100 ml. per minute (standard temperature and pressure). 
The use of a double-stage pressure-reducing regulator with gauge and needle valve 
preceding the first water absorber is recommended to permit easy and accurate 
adjustment of the rate of flow. 

Combustion Unit.— The combustion unit shall consist of three electrically heated 
furnace sections, individually controlled, which may be mounted on rails for easy 
movement; the upper part of each furnace may be hinged so that it can be opened 
(or inspection of the combustion tube. The three furnace sections shall be as 
follows: 

(/) Furnace Section 1, nearest the oxygen inlet end of the combustion tube, ap- 
proximately 15 cm. long and used to heat the inlet end of die combustion tube 
and the sample. It shall be capable of rapidly attaining an operating temperature 
of 850° to 900 °C. (Note 20). 

(2) Furnace Section 2, approximately 33 cm. in length and used to heat that 
portion of the tube filled with cupric oxide. The operating temperature shall be 
850° ± 20 a C. (Note 20). 

(J) Furnace Section 3, approximately 23 cm. long, and used to heat that portion 
of the tube filled with lead chromate or silver. The operating temperature shall 
be 500° ± 50°C. (Note 20). 

Now 20.— Combustion tube temperatures shall be measured by means of a thermocouple 
placed immediately adjacent to the tube near the center of the appropriate tube section. 


Combustion Tube.— The combustion tube shall be made of fused quartz or high- 
silica glass 1S and shall have a nominal inside diameter which may vary within the 
limits of 19 to 22 mm. and a minimum total length of 97 cm. The exit end shall 
be tapered down to provide a tubulated section for connection to the absorption 
train. The tubulated section shall have a length of 2 to 2.5 cm., an internal diam- 
eter of not less than 3 mm., and an external diameter of approximately 7 mm. 
1 be total length of the reduced end shall not exceed 6 cm. If a translucent fused 
quartz tube is used, a transparent section 10 cm. long, located 25 cm. from the 
oxygen inlet end of the tube, will be found convenient. 

^mbuxtion Boat.— This shall be either glazed porcelain, fused silica, or platinum, 
with internal dimensions of approximately 70 by 8 by 8 mm. have been 
ujuikI convenient. 

Absorption Train.— The absorption train shall consist of the following units ar- 
ranged as listed in the order of passage of oxygen: 

(!) Hfl/t-r absorber, having a capacity for -15 cu. cm. of solid reagent and a mini- 
Sm ‘ u eu S^ 1 of gas travel through the reagent of 8 cm. VJ 

A' 1 Dioxide Absorber. If solid reagents are used for carbon dioxide 

sorption the container shall be as described in Item (I) of this paragraph. If 
10 Utl0u ' s Ust ‘d, the container shall be a Vanier bulb. 


U M WI been found satisfactory for this purpose. 

' lto Ppe- r cd containers such as the Nesbitt, Schwartz U-tube and the 
,u ' e been found satisfactory. 


Stetser-Norton 
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(3) Guard Tube. A container as described in Item (2) of this paragraph. 

35. Reagents. Oxygen, 99.5% purity or better (Note 24). 

Combustion Tube Reagents.— (2) Cupric oxide, (CuO) wire form, dust-free. 

(2) Lead chromate, (PbCr0 4 ) approximately 8- to 20-mesli size. 

(3) Silver gauze, 99.9 % silver minimum purity, 20 mesh, made from approximately 
No. 27 B. & S. gauge wire. 

(4) Copper gauze, 99.0% copper minimum purity, 20 mesh made from approxi- 
mately No. 26 B. & S. gauge wire. 

purification and Absorption Train Reagents.— (2) Water Absorbent. Anhydrous 
magnesium perchlorate (Mg(C10 4 ) 2 ) of approximately 8- to 45-mesh size (Note 21). 

Note 21.— Trade names of the reagents are Anhydrone and Dehydrite. 

(2) Carbon Dioxide Absorbent. If a solid reagent is used, it shall be sodium or 
potassium hydroxide (NaOH or KOH) impregnated in an inert carrier of approxi- 
mately 8- to 20-mesh size. Use of soda lime in place of the above or in admixture 
with them is permissible (Note 22). If a solution is used, it shall be 30% by weight 
potassium hydroxide (KOH). 

Note 22— Trade names of the sodium and potassium hydroxide permissible solid carbon 
dioxide absorbing reagents are: Ascarite, Caroxite, and Mikohbite. If soda lime is used 
in admixture with any of the foregoing, it should not exceed 30% by weight of the total 
reagent. In using Ascarite it may be necessary to add a few drops of water to this 
reagent to assure complete absorption of carbon dioxide. 

36. Preparation of Apparatus. Combustion Tube Packing.— To ensure complete 
oxidation of combustion products and complete removal of interfering substances 
such as oxides of sulfur, the combustion tube shall be packed with cupric oxide 


Furnace 1 i _ . „ i „ 

S ec »ion 1 . t Furnace Section 2 i Furnace Section 



Fig. 31-8. Arrangement of Tube Fillings for Combustion Tube. 

A — Clear fused quartz section (optional) when a translucent quartz tube is used. 

B - Cupric oxide filling. 

C — Lead chromate or silver filling. 

A*> or P 3 — oxidized copper gauze plugs. 

Note.— A ll dimensions are given in centimeters. When furnace sections longer than 
those specified in Section 34 aie to be used, changes in the above dimensions shall be 
in accordance with the provisions of Note 23. 

and lead chromate or silver. The arrangement and lengths of the tube fillings and 
separating plugs shall be as shown in Fig. 31-8. It is recommended that the tube 
be placed in a vertical position (constricted end downward) for packing. When 
filling the tube with lead chromate, any residual reagent adhering to the walls of 
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the empty portion of the tube must be removed. When silver is used as a tube 
filling the required length of filling may be prepared conveniently from three or 
four strips of silver gauze 15 to 20 cm. long, by rolling each strip into a cylindrical 
plug and inserting the strips end-to-end in the tube (Note 23). 

Note 23.-Longer furnaces with appropriate lengths of tube packing will be satisfactory. 

Absorption Train.-(i) Water absorber , consisting of a container filled with a 
permissible solid desiccant by adding the required amount in small portions and 
settling each portion by gentle tapping between additions. A glass wool plug shall 
be placed between the reagent and the absorber outlet to prevent loss of reagent 
"dust.” 

(2) Carbon Dioxide Absorber . If a solid reagent is used for the retention of car- 
bon dioxide, the absorber shall be filled as described in Item (1) of this paragraph. 
A layer or "cap” of desiccant shall be placed in the outlet section of the container 
and shall be the same as that used in the water absorber. This layer shall have 
a bulk volume not less than one-fourth nor more than one-third of the combined 
volume of both reagents. If a liquid absorbent is used, the inner tube of the 
Vanier bulb shall be filled with the same desiccant used in the water absorber. A 
glass wool plug shall be placed in the outlet section of the container to prevent 
loss of reagent "dust.” 

(3) Guard tube, packed with equal volumes of the water absorbent and a solid 
carbon dioxide absorbent. 

Connections.— To ensure a closed system from the supply tank of oxygen to the 
guard tube at the end of the absorption train, it is recommended that all connec- 
tions be glass-to-glass or glass-to-quartz butt joints with short lengths of flexible 
tubing as seals. The connection between the purification train and the combus- 
tion tube may be made by means of a rubber stopper or other suitable device. All 
connections shall be gas-tight. No lubricant shall be used for making tubing con- 
nections in the absorption train. 

Conditioning of Apparatus.— (I) Newly Packed Combustion Tube. A sample of 
coal or coke shall be burned as described in Section 87, except that the products 
of combustion need not be fixed in a weighed absorption train. 

(-) Used Combustion Tube. After any extended shut down, one day or more, 
die combustion train shall be tested under procedure conditions, but without burn- 
ing a sample, for 40 minutes with weighed absorption bulbs connected. A varia- 
tion of not more than 0.5 mg. of either bulb shall be considered satisfactory (Note 

Note 2-1.— If the blank tests for flow indicate interfering impurities in the oxygen sup- 
P >' by consistent weight-gain in the absorption bulbs, these impurities shall be eliminated 
’) l ! sln o preheater furnace and tube, filled with cupric oxide. This preheater furnace 
4 r a Jc °P era ted at 850° =±= 2Q°C. and shall be inserted in series between the supply tank 
oxygen and the purification train. 1 P > 

(3) Absorption Train. Freshly packed absorber and guard tubes shall be con- 
ihoned by burning a sample of coal or coke as described in Section 37, except 
i '.it tube weights need not be determined. 

o W Standard checks shall be made frequently, particularly when intermittent use 
1 le con 'bustion train is common or when any changes have been made in the 
M cm. A standard substance of certified analysis, such as benzoic acid or sucrose 
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as furnished by the National Bureau of Standards shall be burned as described in 
Section 37. A variation from the theoretical of not more than 0.07% for hydrogen 
nor more than 0.30% for carbon shall be considered satisfactory. 

37. Procedure.— A ( ter the combustion tube and absorbers have been conditioned 
as prescribed in Section 30, the test shall be made as follows: 

(a) Absorption Train.— Bring the absorption tubes to room temperature near the 
balance for 15 to 20 minutes, vent momentarily to the atmosphere, wipe with a 
chamois or lint-free doth in the areas where handled, and weigh to the nearest 
0.1 mg. 

(b) Sample.— Weigh approximately 0.2 g. (weighed to the nearest 0.1 mg.) of air- 
dry sample ground to pass a No. 60 (250 micron) sieve into a combustion boat 
(Note 25). 

(c) Sample Analysis.— With furnace Sections 2 and 3 at specified temperatures and 
positioned as shown in Fig. 31-8, perform the following operations in rapid succes- 
sion in the order listed: 

(/) If a comentional type of sample heating furnace is used for heating section 
No. 1, place it so that its left-hand edge is about 10 cm. from the oxygen inlet end 
of the combustion tube. 

(2) Attach the weighed absorption train to the tube. 

(3) Push the sample boat into the tube to a point within approximately 2 cm. 
from plug P v 

(3) Close the tube and adjust the oxygen flow to a rate of 50 to 100 ml, per 
minute (standard temperature and pressure) being the same as used in blanking. 
Section 36 for Used Combustion Tube. 

(5) Apply full heat to heating section No. 1 to bring it to an operating tempera- 
ture of 850° to 900* C. as rapidly as possible. 

Move the heater slowly toward the boat so that it completely covers the boat and 
is brought into contact with heating section No. 2 in a period of 10 to 20 minutes 
(Note 26). Allow it to remain in this position for an additional 5 to 10 minutes, 
and then shut off the heat and return the sample heater to its original position. 
Continue the flow o£ oxygen through the tube for 10 minutes (Note 27), close the 
absorbers under a positive pressure of oxygen, and detach them from the train- 
Remove the absorbers to die vicinity of the balance, allow them to cool to room 
temperature for 15 to 20 minutes, vent momentarily to atmosphere, wipe them 
with a chamois or lint-free cloth in the areas handled, and finally weigh them to 
the nearest 0.1 mg. While the absorbers are cooling, it is recommended that the 
ash remaining in the combustion boat be examined for traces of unburned carbon 
which, if present, will nullify the determination. 

Note 25.— It may be beneficial to grind fly ash, pit ash, calcined coke, and high mineral 
content mateiials to pass a No. 100 (149 inicion) sieve. 

Note 26.— Some variation in operating technique and heater manipulation may be perj 
mitted here at the discretion of the analyst, provided that is conducive to a gradual and 
controlled release of volatile matter. Conditions that lead to visible burning (flame coni' 
bustion) of the sample shall be avoided. 

Note 27.— Since water may condense in the cooler outlet end of the combustion tube 
or in the inlet arm of the water absorber, the use of an external or internal heat conduct' 
ing device (a metal heat bridge) is recommended to prevent such condensation or promote 
re-evaporation during this flushing period. 

38. Calculations.— Calculate the percentage of carbon (Note 28) and hydrogen 
as follows: 
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Hydrogen, % = 


A X 11.190 
C 


Carbon, % = 


B X 27.289 
C 


where A = increase in weight of moisture absorption bulb, in grams 
B = increase in weight of COo absorption bulb, in grams 
C — grams of sample used 

Note 28.— It is recognized that formation of oxides of nitrogen during the combustion 
procedure may lead to slightly high results for carbon. However, extensive study of this 
{.flea bv five laboratories led to the conclusion that error so incurred would not be sig- 
nificant' in commercial application. In certain research applications, where accuracy of a 
higher order is required, means of removing oxides of nitrogen prior to water and carbon 
dioxide absorption should be included. 


NITROGEN 

39. The determination of nitrogen shall be made by either the Kjeldahl-Gunning 
method or the alternate methods described in Sections 40 to 44. In these proce- 
dures nitrogen is converted into ammonium salts by destructive digestion of the 
sample with a hot, catalyzed mixture of concentrated sulfuric acid and potassium 
sulfate. These salts are subsequently decomposed in a hot alkaline solution from 
which the ammonia is recovered by distillation, and finally determined by alka- 
limetric or acidimetric titration. 

-10. Apparatus. Digestion Unit.— An electrical heater of approximately 500-watt 
minimum rating or a gas burner of comparable capacity; either type of heater shall 
be provided with adequate means of control to maintain digestion rates as de- 
scribed in Note 29. Commercially made, multiple-unit digestion racks provided 
with fume exhaust ducts may be used. 

Note 29.— If commercially made electrical heaters are used, auxiliary voltage control 
equipment, such as an autotransformer, may be needed to maintain the specified rates 
ol digestion and distillation. 

Distillation Unit.— An electrical heater or gas burner as described above; either 
type shall be provided with adequate means of control to maintain distillation 
rates as described in Note 29. Commercially made, multiple-unit distillation racks 
provided with water-cooled glass or block tin condensers may be used. 

Condenser.— A glass condenser, water-cooled, having a minimum jacket length 

^9 nun. This apparatus is not ordinarily required when a commercially made 
distillation rack is used. 

Kjddahl digestion flask, of heat-resistant 20 glass, having a capacity of 500 or 
800 ml. 

Rjeldahl connecting bulb, cylindrical type, 45 mm. in diameter by 100 mm. long, 
or larger, with curved inlet and outlet tubes. 

Etlenmeyer flask, having a capacity of 250 or 300 ml. 

Glass connecting tube, approximately 10 mm. in outside diameter by 200 mm. 

lung, ' 

Rubber tubing, short piece. 

n!‘ liea S ents ' Ahtali Solution.— Dissolve 80 g. of potassium sulfide (K 2 S) and 
o- of sodium hydroxide (NaOH) in water and dilute to 1 liter. The use of ap- 

I yiex glass has been found satisfactory for this purpose. 
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propriate amounts of sodium sulfide (Na 2 S) or potassium hydroxide (KOH) may be 
substituted for the above, if desired (Note 30, paragraph (c)). 

Ethyl Alcohol (95%).— Ethyl alcohol conforming to Formula No. 30 or 2A of the 
U. S- Bureau of Internal Revenue. Methyl alcohol may be used. 

Mercury, metal (Note 30). 

Potassium permanganate (KMn0 4 ), crystals. 

potassium sulfate (KgSOj), crystals. 

Sucrose, National Bureau of Standards primary-standard grade. 

Sulfuric Acid (sp. gr. 1.84).— Concentrated sulfuric acid (H 2 S0 4 ). 

Zinc, mossy or granular. 

Note 30.— Other satisfactory and permissible catal)sts for the digestion, together with 
the quantities of K 0 SO 4 required in their use, are as follows: 

(a) Five grams of a mixture containing 32 parts by weight of K 2 S0 4 , 5 parts by weight 
of mercuric suliate (HgSOj), and 1 part by weight of selenium. 

( 5 ) Three-tenths gram of mercuric selenite (HgSc0 3 ) with 7 to 10 g. of K 2 S0 4 . 

(c) Thiee-tenths gram of cupric selenite dih)drate (CuSe0 3 -2Ho0) with 7 to 10 g. of 
K 0 SO 4 . When this mixtuie is used, the addition of a sulfide to the alkali solution is not 
necessar). 

Reagents Required Only for Kjeldahl-Gunning Method. Methyl Red Indicator 
Solution {0.4 to 1 g. per liter).— Dissolve U.U4 to 0.1 g. of methyl red in 50 ml. of 
95% ethyl alcohol or methyl alcohol and add 50 ml. of water. Broincresol green 
solutions of equal concentrations may be used. 

Sodium Hydroxide, Standard Solution (0.1 to 0.2 2V).— Prepare and accurately 
standardize a 0.1 to 0.2 N sodium hydroxide (NaOH) solution against a primary 
standard. 

Sulfuric Acid (0.2 2V).— Prepare and standardize a 0.2 N sulfuric acid (H 2 SO 4 ) 
solution. The solution need not be standardized against a primary standard. 

Reagents Required only for Alternate Method. Boric Acid Solution (50 g. per 
liter).— Dissolve 5 g. of boric add (H 3 BO a ) in 100 ml. of boiling water. Allow to 
cool before use. 

Mixed Indicator Solution.— Prepare a solution containing 0.125% methyl red and 
0.083% methylene blue in 95% ethyl alcohol or in methyl alcohol. Prepare a 
fresh solution at bimonthly intervals. 

Sulfuric Acid (0.1 to 0.2 N ).— Prepare and accurately standardize a 0.1 to 0.2 N 
sulfuric acid (H 2 S0 4 ) solution against a primary standard; hydrochloric acid (HCl) 
of similar concentration may be substituted. 

42. Sample .— Weigh approximately 1 g. (weighed to the nearest 1. mg.) of air-dry 
sample ground to pass a No. 60 (250 micron) or finer sieve, into a weighing scoop. 
In the case of coke and anthracite, grinding the sample to pass a No. 200 (74 
micron) or finer sieve is recommended. 

43. Procedure for Kjeldahl-Gunning Method— (a) Carefully transfer the sample 
into a 500- or 800-ml. Kjeldahl flask containing 7 to 10 g. of K 2 SO 4 and 0.6 to 
0.8 g- of mercury (Note 30). Add 30 ml. of H 2 SQ 4 (sp. gr. 1.84) to the mixture by 
pouring it down the neck of the flask with rotation, in order to wash any adherent 
sample material into the mixture. Swirl the contents of the flask several times to 
ensure thorough mixing and wetting of the sample. Incline the flask at an angl e 
of 45® to 60° on die digestion heater in a fume hood (Note 31), and heat the con- 
tents to boiling, controlling the heat input in such a manner that the H 2 S0 4 vapors 
condense no more than halfway up the neck of the flask (Note 29). Continue the 
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IxjilMi" until all sample particles are oxidized, as evidenced by a nearly colorless 
elution, or for at least 2 hours after the solution has reached a strarv-colored stage, 
lhe total time of digestion will require 3 to 6 hours, except in the case of coke and 
anthracite, which may require 12 to 16 hours (Note 32). When die digestion is 
completed and the solution has cooled, a few crystals of KMnO., may be added to 
ensure complete oxidation; further heating may be necessary to destroy the excess 
pciinaiiganatc and decolorize the solution. 

Non: 31. -When fume exhaust ducts or hoods are not available a Hengar tube may be 
inverted in the neck of the flask. 

Xotr. 32.— Addition of 0.1 g. of chromic anhydride (C 1 O 3 ) to the digestion mixture has 
ban found very helpful in reducing the time of digestion for coke. 

(b) Dilute the cooled digestion mixture to about 300 ml. with cold water, and 
remove any heat of dilution by cooling with water. Meanwhile, measure into the 
23»- or 300-ml. Erlenmeyer flask, 20.0 ml. of 0.2 N kh.SO.j and add six drops of 
methyl red or bromcresol green indicator solution. Attach the glass connecting 
tube to the discharge end of the condenser, using a short piece of rubber tubing 
as a seal. Incline the Erlenmeyer llask at a suitable angle, and insert this tube so 
that the cud is immersed to the maximum depth in the acid. Add 1 to 2 g. of 
granular zinc to die mixture in the Kjeldahl flask (two or three small pieces if 
mossy /.inc is used), and slowly add 100 ml. of the alkali solution so that it forms 
a distinct layer under the acid solution. This may be accomplished by inclining 
(lie llask at an angle of 45° to 60° and pouring the alkali solution down the neck. 
Failure to maintain discrete layers during this operation may lead to loss of am- 
monia. Quickly connect the flask to the distilling condenser through the Kjeldahl 
umnectiug bulb, and then swirl the contents to promote thorough mixing. 

(r) iking the contents of the Kjeldahl flask to a boil carefully, in order to avoid 
violent bumping, and then distill the ammonia over into the acid solution in the 
ftlcnmeycr llask. Continue the distillation at a maximum rate of approximately 
kit) ml. per hour until 150 to 175 ml. of distillate have been collected. Discon- 
tniue the boiling, and remove the glass connecting tube from the condenser and 
Fiknmeyer llask. Rinse the tube with distilled water, collecting the washings in 
'be Erlenmeyer flask, and then back-titrate the excess acid with 0.1 to 0.2 N NaOH. 

(4) Run a blank determination in the same manner as described above, using 
approximately 1 g. of sucrose (weighed to the nearest milligram) as the sample ma- 
li; iial (Note 33). 


, 0I) j ' '*-~ 01 ank determinations must he made to correct for nitrogen from sources 
' ycr than the sample. A blank determination shall be made whenever a new batch of 
0llc magetu is used in the analysis. 

h) Calculation.— Calculate the percentage of nitrogen in the sample as follows: 


it 

X 

c 


Nitrogen, % 


(£ - A)N X 0.014 
C 


X 100 


milliliters of 0.1 to 0.2 A r NaOH solution required for titration of the sample 
milliliters of 0.1 to 0.2 A r NaOH solution required for titration of the blank 
normality of the NaOH solution 
grams of sample used 
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■/-/. Procedure for Alternate Method .— Digest the sample as described in Section 
43(a). 

Dilute and cool the digestion mixture as described in Section 43(6). Add to the 
250- or 300-mi. Erlenmeyer flask approximately 20 ml. of H 3 BO s solution and six 
drops of mixed indicator solution. Then proceed as described in the remainder 
of Section 43(6). 

Distill the ammonia into the H 3 B0 3 solution exactly as described in Section 
43(e), and finally titrate the ammonia with 0.2 N H^SO^. 

Run a blank determination in the same manner as described abo\e, using ap- 
pioximatcly 1 g. (weighed to the nearest milligram) of sucrose as the sample ma- 
terial (Note 33). 

Calculation.— Calculate the percentage of nitrogen in the sample as follows: 


Nitrogen, % = 


(A - B)N X 0.014 
C 


X 100 


where A = milliliters of 0.2 N H 2 SO< required for titration of the sample 
B = milliliters of 0.2 N H 2 SO< required for titration of the blank 
N = normality of the H2SO4 
C = grams of sample used 

OXYGEN 

45. Calculation — There being no satisfactory direct ASTM method of determin- 
ing ox)gen, it shall be calculated by subtracting from 100 the sum of the percent- 
ages of h)drogen, carbon, nitrogen, sulfur, moisture, and ash. The lesult so 
obtained is affected by die errors incurred in the other determinations and also 
by the changes in weight of the ash-forming constituents on ignition. 

CALCULATION OF ANALYSES TO DRY BASIS 

■16. Calcidations. Coal Appearing Dry.— Calculate the analysis of the coal pass- 
ing the No. 60 sieve, which has become partly air-dried during sampling, to the 
dry-coal basis by dividing each result by 1 minus its content of moisture, as deter- 
mined in accordance with Section 4. Compute the analysis of the coal "as re- 
ceived" from the dry-coal analysis by multiplying by 1 minus the total moisture 
found in the sample passing a No. 20 sieve. 

Coal Appearing Wet.— Correct the moisture found in the air-dried sample (see 
Section 5) passing a No. 20 sieve to total moisture "as received," as follows: 

where TM = total moisture of coal “as received” 

L — percentage of air-drying loss 

M — percentage of moisture in air-dried sample passing a No. 20 sieve 

Calculate the analysis to “dry-coal’' and “as-received” bases as described in Sec- 
tion 3 for dry coal, using for the "as-received” calculation the total moisture as 
calculated by the above formula in place of the moisture found in the coal passing 
a No. 20 sieve (Note 31). 
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Note 34.— The accuracy of the method of preparing laboratory samples should be 
checked frequently by resampling the rejected portions and preparing a duplicate sample. 
The ash in the two samples should not differ by more than the following: 

No carbonates present 0.4% 

Considerable carbonate and pyrite present 0.7 % 

Coals with more than 12 per cent ash, containing con- 
siderable carbonate and pyrite 1.0% 

Coal Appearing Wet or Dry, Sampled by Ball-Mill Method.— As all the analytical 
determinations are made on the air-dried sample passing a No. 60 sieve, calculate 
the analysis to “as-received” and “dry-coal” bases from the analysis of the air-dried 
coal as follows: 

Calculation from Analysis of “ Air-Dried ” Coal to Coal “As Received./’ All Figures 
Expressed in per cent: 


Moisture “as received” = moisture X + L 


100 

Volatile matter “as received” = volatile matter X 
Fixed carbon “as received” = fixed carbon X 


100 - L 
100 

100 - L 
100 


Ash “as received” = ash X 


100 - L 


Sulfur “as received” = sulfur X 


Hydrogen “as received” = hydrogen X 
Carbon “as received” = carbon X 


100 

100 - L 
100 

100 - L . L 


Nitrogen “as received” = nitrogen X 


100 + 9 

100 - L 
100 

100 - L 


100 


n « - w 100 - L , 8L 

Oxygen as received = oxygen X — - -f- — 


Calories “as received” = calories X 


100 - L 
100 


"here L — air-drying loss. 

hrctfw fVOm Anal ysis °f “Air-Dried” Coal to “Dry” Coal , All Figures Ex- 
t j, cyst(t m percent: ° 


Volatile matter in “dry coal” 


volatile matter X 


100 


100 — moisture 
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. , 100 

Fixed carbon in “dry coal” — fixed carbon X _ mo j gture 

100 


Ash in “dry coal” = ash X 


Sulfur in “dry coal” = sulfur X 


100 — moisture 
100 


100 — moisture 


Hydrogen in “dry coal” = (hydrogen - | moisture) X _ 


100 — moisture 


Carbon in “dry coal” = carbon X 


Nitrogen in “dry coal” = nitrogep X 


100 — moisture 
100 


100 — moisture 
100 


Oxygen in “dry coal” = (oxygen — f moisture) X 1QQ _ mo ; i 
Calories in “dry coal” = calories X 


100 — moisture 
100 


‘ 100 — moisture 


REPRODUCIBILITY OF RESULTS 

47. Reproducibility of Results.— The permissible differences between two or 
more determinations shall not exceed the values given in Table 31-3. 

DETERIORATION OF COAL SAMPLES 

48. Since coal samples on standing oxidize and change in composition, it is 
essential that they be analyzed as soon as possible after collecting the gross samples. 
If the Btu determination is an important consideration in the sale of coal, the time 
elapsed between sampling and analysis shall not exceed 30 days. 


FUSIBILITY OF COAL ASH 21 

This method covers the observation of the temperatures at which triangular 
pyramids (cones) prepared from coal ash attain and pass through certain defined 
stages of fusing and flow when heated at a specified rate in controlled, mildly re- 
ducing, and where desired, oxidizing atmospheres. 

The method is empirical, and strict observance of the requirements and condi- 
tions is necessary to obtain reproducible temperatures and enable different labora- 
tories to obtain concordant results. 

Definitions and Symbols.— The critical temperature points to be observed shall be 
as follows, denoting the atmosphere used: 

(a) Initial Deformation Temperature, A.— The temperature at which the first 
rounding of the apex or die edges of the cone occurs. Shrinkage or warping o 
the cone shall be ignored if the tip and edges remain sharp. In Fig. 31-9, cone 

21 Under the standardization procedure of the Society, this method is under the juris 
diction of the ASTM Committee D-5 on Coal and Coke. Proposed as ASTM D18a7-o 
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Table 31-3. Permissible Differences in Results 



Permissible 


Differences 


1 

Same 

Different 


Labora- 

Labora- 


tory 

tories 


On Laboratory Samples, Crushed to Pass a No. 20 
(840 Micron) Sieve 


Moisture: 



Under 5 per cent 

0.2 

0.3 

Over 5 per cent 

0.3 

0.5 


On Laboratory Samples, Crushed to Pass a No. 60 
(250 Micron) Sieve 


Moisture : 



Under 5% 

0.2 

0.3 

Over 5% 

0.3 

0.5 

Ash: 



No carbonates present 

0.2 

0.3 

Carbonates present 

0.3 

0.5 

Coals with more than 12% of ash, contain- 



ing carbonate and pyrite 

0.5 

1.0 

Volatile Matter: 



High-temperature Coke 

0.2 

0.4 

Anthracite 

0.3 

0.6 

Semianthracite, bituminous coal, lovv-tem- 



perature coke, and chars 

0.5 

1.0 

Subbituminous coal 

0.7 

1.4 

Lignite and peat 

1.0 

2.0 

Sulfur: 



Coal, under 2% 

0.05 

0.10 

Coal, over 2% 

0.10 

0.20 

Coke 

0.03 

0.05 

Ultimate Analysis: 

Carbon . . 

0 3 


Hydrogen 

0.07 


Nitrogen 

0.05 




1172 COAL AND COKE 

shows an unheated cone; cone 2 shows a typical appearance of a cone at the initial 
deformation stage. 

(b) Softening Temperature, Spherical, B.— The temperature at which the cone 
has fused down to a spherical lump in which the height is equal to the width at 
the base as shown in Fig. 31-9, cone 3. 

(c) Softening Temperature, Hemispherical, C.— The temperature at which the 
cone has fused down to a hemispherical lump at which point the height is one- 
half the width of the base as shown in Fig. 31-9, cone 4. 

(d) Fluid Temperature, D.— The temperature at which the fused mass has spread 
out in a nearly flat layer with a maximum height of Me in. as shown in Fig. 31-9, 
cone 5. 

Apparatus and Materials. Furnace.— Any gas-fired or electric furnace conform- 
ing to the following requirements may be used: 

(/) Capable of maintaining a uni- 
form temperature zone in which to 
heat die ash cones. This zone shall be 
such that the difference in the melting 
point of M-in. pieces of pure gold wire 
when mounted in place of the ash 
cones on the cone support shall be not 
greater than 20°F. in a reducing atmos- 
phere test run. 

(2) Capable of maintaining the de- 
sired atmosphere surrounding the cones during heating. The composition of the 
atmosphere, reducing or oxidizipg, shall be maintained within tire limits specified 
in the next septjpn. The desired atmosphere in the gas-fired furnace surround- 
ing the cones shall be obtained by regulation of the ratio of gas to air in 
the combustion mixture. The desired atmosphere in the electric furnace shall 
be obtained by ipeaqs of gases introduced into the l^e^qqg chapiber. The muffle 
shall be gas impervious, free frpm crpcfis, and the closure-plug tight fitting. 
The gas supply tube shall be scaled to the back wall of th? preheating cham- 
ber, and shall not extend to the front of the preheating chamber against the 
perforated baffle. 

{3) Capable of regulation so that the rate of temperature rise shall be 15° =fc 5 e F. 
per minute. 

(-/) Providing meaqs of observing the ash cones during the heating. Observation 
on the same horizontal plane as the cone-support surface shall be possible. 

Cone Mold.— A commercially available cone mold as shown in Fig. 31-10. The 
cone shall be % in. in height and \\ in. in width at each side of the base which is 
an equilateral triangle. A ^teel spatula with a pointed tip, ground off to fit the 
cone depression in the molt}, is suitable for removal of die jish cone. 

Optical pyrometer or thermocouple, for temperature measurements, conforming 
to die following requirements: 

(/) Optical Pyiometer.—Aft optical pyrometer of the disappearing filament type 
shall be used. The instrurqent shall have been calibrated to be accurate within 
20°F. up to 2550°F. and within 30°F. from 2550° to 2900°F. (Note 1). The 
pyrometer filament shall be sighted on the cones until the softening point tempera- 
ture C (Fig. 31-9) has been passed, and then sighted on the cone support. The 
pyrometer shall have readable graduations not larger than 10°F. 


A h Q 


12 3 4 5 

A B C D 

Tig 31-9. Critical Temperature Points. 
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x . „ i The nvrometcr equipment shall be standardized periodically by a suitably 
. ^!n ne t ‘standardizing laboratory such as that o£ the National Bureau of Standards, or 
checked periodically against equipment certified by the Bureau of Standards. 

ir>\ Thermocouple —A thermocouple (Note 2) of platinum and platinum-rhodium, 
protected from the furnace gases by a glazed porcelain sheath, shall be used with 
I hioh-resistance millivoltmeter or potentiometer that has been calibrated to be 
accurate and readable to within 10°F. The sheath shall be sealed to the furnace 
wall by alundum cement. The hot junction of the thermocouple shall touch the 



end of the sheath and shall be located in the center of the muffle and immediately 
to the rear of the cones. The potentiometer or millivoltmeter shall be so located 
or adequately shielded as to prevent radiant and convection heating of the cold 
junction. The room temperature compensator shall be adjusted to the existing 
temperature. 

Non; 2.— The thermocouple shall be checked periodically against a certified thermo- 
couple. I he thermocouple protective sheath shall be checked periodically for cracks. 

Ash-Cone Refractory Support.— The ash cones shall be mounted on a refractory 
base composed of a mixture of equal parts by weight of kaolin and alumina com- 
muning to the following requirements: 

{l) Kaolin.— NF-Grade powder passing a 74-micron (No. 200) sieve. 

(3) Aluminum Oxide .— Reagent grade ignited powder passing a 149-micron (No 
hiO) sieve. v 

Refractory Support Mold.— A mold with flat top and bottom surfaces to provide 
1 rt rjctor y support of suitable thickness to minimize warping. A side-mold not 
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over V± in. high of any convenient shape, placed on an iron plate so that the top 
surface of the refractory mix can be struck off flat and parallel to the base by means 
of a straightedge is satisfactory. For electric furnace use, legs not over H in. long 
may be provided on the corners of the cone support by suitable holes bored in 
the iron base plate of the mold. 

Gold and Nickel Wire.— Pure gold and pure nickel wires, having melting points 
in a reducing atmosphere of 1945°F. and 2646°F., respectively, shall be used in the 
gas-fired furnace. Gold wire shall be used in the electric furnace. 

Test Atmosphere. Gas-Fired Furnace, (2) Reducing Atmosphere Test— A mildly 
reducing atmosphere surrounding the cones shall be maintained during the test in 
the gas-fired furnace. Hydrogen, hydrocarbons, and carbon monoxide shall be 
considered as reducing gases; oxygen, carbon dioxide, and water vapor shall be 
considered as oxidizing gases. Nitrogen is inert. The ratio by volume of i educing 
gases in the atmosphere shall be between the limits of 20 to 80 and 80 to 20, 22 
that is, on a nitrogen-free basis, the total amount of reducing gases present shall 
be between die limits of 20 and 80% by volume. A flame 6 to 8 in. in height and 
tinged with yellow above the furnace outlet has been found to provide an atmos- 
phere within the specified lifnits. 

(2) Oxidizing Atmosphere Test.— An atmosphere containing a minimum amount 
of reducing gases shall be maintained surrounding the cones during the test in die 
gas-fired furnace. On a nitrogen-free basis, the volume of reducing gases present 
in the atmosphere shall not exceed 10% by volume. Combustion with the maxi- 
mum possible quantity of air with preservation of the specified rate of temperature 
increase has been found to provide an atmosphere within the specified limits. A 
completely blue flame, not over 2 in. in height above the outlet at the beginning 
of the test, provides die desired atmosphere; and, by regulation of the combustion 
gas-air ratio, the specified atmosphere and temperature rise can be maintained. 

Electric Furnace. (2) Reducing Atmosphere Test.— A regulated flow of gas of 
the nominal composition, 60% carbon monoxide and 40 d= 5% carbon dioxide by 
volume 23 shall be maintained in the heating chamber throughout the test (Note 3) 
in the electric furnace. The gas stream shall be regulated by any convenient mean* 
to provide a measured flow of 1.3 to 1.5 furnace volumes per minute. 

(2) Oxidizing Atmosphere Test.— A regulated stream of air shall be maintained 
throughout the test in the electric furnace. The gas stream shall be regulated by 
any convenient means to provide a measured flow of 1.3 to 1-5 furnace volumes 
per minute. 

Note 3— New cylinders of the mixed gas for which a certified anal) sis is not available 
should be mixed before use b) supporting the cylinder at an angle with the bottom in a 
pan of warm water while circulating cold vvatei across the upper part of the cylinder for 
several hours. Certified anal)ses of each cylinder or batch can be obtained for a small 
extra charge. 

Preparation of Ash.— Use coal or coke passing a 250-micron (No. 60) sieve pre- 
pared in accordance with the Methods of Laboratory Sampling and Analysis of 
Coal and Coke (ASTM D271, p. 1145) to obtain the ash by incineration in a well- 
ventilated muffle furnace. The quantity of coal or coke required will vary with 

22 For information concerning the effect of various atmospheies, see U. S. Bureau of 
Mines Bulletin 129 (1918). 

23 This gas is available from the Matheson Gas Co., Inc. 
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the ash content; usually 3 to 5 g. of ash will be sufficient for cones for -several check 
determinations, if necessary. Spread out the coal or coke m a layer not over k . 
in depth in a fireclay or porcelain roasting dish. Place the dish in the cold muffle 
or on the hearth at a low temperature and gradually heat to redness at sue a 
rate as to avoid mechanical loss from too rapid expulsion of volatile matter (Note 4). 
Complete the conversion to ash at a temperature of 1470° to 1650°F. Transfer the 
ash to an agate mortar (Note 5) and grind it so that it will pass a 74-micron (No. 
200) sieve. Then spread the ash in a thin layer in a fireclay, silica, or porcelain 
dish and ignite it in a stream of oxygen for \ x /-i hours at 1470° to 1560°F. to ensuie 
complete and uniform oxidation of the ash. Any tube or muffle-type furnace 
which, when supplied with an oxygen flow of not less than one furnace volume 
in 5 minutes, will maintain a highly oxidizing atmosphere and will be suitable. 


Note 4.— A heating rate conforming to that used for the modified ash determination 
specified in Section 14, Note 7(a) of Method D271 is satisfactory. 

Note 5.— A mechanical agate mortar grinder will save time where many determinations 
are made. An iron mortar or pestle must not be used. 

Preparation of Cones .— Thoroughly mix the ignited ash in a mechanical mixer 
or on a sheet of glazed paper or oilcloth by raising first one corner to roll the ash 
over, and. dien raising each of the other corners in rotation in the same manner 
until each corner has been raised five times or more. 

Take sufficient ash for the number of cones desired from various parts of the 
bulk ash. Moisten the ash with a few drops of a clear, filtered (if necessary) 10% 
solution of dextrin containing 0.1% salicylic acid as a preservative and work it into 
a stiff plastic mass with a spatula. Press the plastic material firmly with a spatula 
into the cone mold to form the triangular pyramids. Strike off the exposed sur- 
faces of the material smooth and remove the cones from the mold by applying 
pressure at the base with a suitably pointed spatula. Previous coating of the mold 
with a thin layer of petroleum jelly, thinned with kerosene (if necessary), aids in 
preventing adherence of the cones to the mold and in providing the sharp point 
and edges desired in the cone. With certain coal ashes, cones with sharp points 
and edges can be obtained using distilled water in place of the dextrin solution 
and without the use of petroleum jelly. 

Place die cones in a suitable location to dry sufficiently to permit handling with- 
out deformation. Mount the dried cone vertically on a freshly prepared refractory 
base. Moisten a portion of the well-mixed kaolin-alumina mixture with the mini- 
mum amount of water to make a workable, but stiff, plastic mass, and firmly press 
it into the support mold. Strike off the surface of the mass flat and smooth with 
a steel spatula, moistening with one or two drops of water if necessary to obtain 
a smooth surface. A number of cones may be mounted on one base. Make shallow, 
triangular depressions, not over %» in. in depth, with a triangular file ground to 
the correct size to produce a depression to fit tire base of tire cone, and locate the 
cones sufficiently distant from adjacent cones so that no merging of the fusino- 
material of the cones shall occur during the test. Mount the cones vertically in 

the depressions while the base is still wet without the use of ash or refractorv as 
a mounting aid (Note 6). y 


Note 6.— The intent of the triangular depression 
m a sufficiently stable manner to permit handling 


is to enable the cones to be 
of the prepared support with 


mounted 

cones. 
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Mount K-in. lengths of gold and nickel wire vertically on each support by insert- 
ing wire into the support before drying. For the reducing atmosphere test in the 
electric furnace, do not use nickel wire. 

Dry the mounted cones in a drying oven at 220°F. for V/* hours, remo\e the 
support mold, and ignite the mounted cones in an open muffle at 1100°F. for 30 
minutes to remove all carbonaceous material (Note 7). 

Note 7.— If no organic material lias been used in the preparation of the mounted tones, 
this ignition step may be omitted. The drying step must be retained. 

Procedure. Reducing Atmosphere Test.— (1) Place the mounted test cones in 
the furnace at a temperature of not o\er M70°F. for die gas-fired furnace, and not 
o\er 750®F. for the electric furnace in order to provide suificient time to purge 
the air from the uniform temperature zone and establish the desired atmosphere. 

(2) If the furnace temperature is below the respective temperature specified in 
Item (/), raise it rapidly to the specified temperature; then control the rate of 
hcatiug to give a rate of temperature increase of 15° ± 5°F. per minute. Maintain 
this rate throughout the test. 

( 3 ) Establish the mildly reducing atmosphere surrounding the cones, as specified 
in the section on Test Atmosphere (p. 1174), at the temperature specified in Item 
(/) for the respective furnace type. Maintain this atmosphere throughout the test 
(Note 8). 

Note 8.— At temperatures of the order of 2500° to 2600 # F. and above in the gas-fired 
furnace, it may not be possible to maintain the reducing gases above the 20% by \olumc 
limit specified while also preserving the specified rate of temperature increase. At such 
tcmpciaturcs, the effect of the atmosphere is not so critical as the maintenance of the 
specified heating rate. Every effort shall be made to maintain the reducing gases as near 
the 20% by \olume lev el as possible at such temperatures. 

Oxidizing Atmosphere Test.— (/) Place the mounted test cones in the furnace at 
n temperature of not over 1470°F. for the gas-fired furnace, and not over 750 # F. for 
the electric furnace. If the furnace temperature is below the respective temperature 
specified in Item (/), raise it rapidly to the specified temperature, then control the 
rate of heating to give a rate of temperature increase of 15° ± 5*F. per minute- 
Maintain this rate throughout the test. 

(2) Establish the oxidizing atmosphere surrounding the cones, as specified in the 
section on Test Atmosphere (p. 1174), at the temperature specified in Item (/) for 
the respective furnace type. Maintain tills atmosphere throughout the test. 

Under the condition of the test, the pure gold and pure nickel wires seldom melt 
at the exact temperatures (sec Cold and Nickel Wire, p. 1174). The test results 
shall be rejected if the melting temperatures do not fall within the following ranges; 

Reducing atmosphere test: 

Gold wire, °F 1930-1950 

Nickel wire, °F 2630-2650 

Oxidizing atmosphere test: 

Gold wire, °F 1930-1950 

Nickel wire, ®F Should not melt 

Precision.— Repeatability (Single Operator and Apparatus). For each point, the 
difference for the critical point temperature between two separate furnace runs shall 
not exceed ±50® F. 
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Reproducibility (Different Operators and Apparatus). -For each point, the dif- 
ference for the critical point temperature between two furnace runs shall not exceed 

the following: 

°F. 

For reducing atmosphere: 

Initial deformation point, A 125 

Softening point, spherical, B 100 

Softening point, hemispherical, C 100 

Fluid point, D 150 


For oxidizing atmosphere: 


Initial deformation point, A 100 

Softening point, spherical* B 100 

Softening point, hemispherical, C 100 

Fluid point, D 100 


METHOD OF TEST FOR GROSS CALORIFIC VALUE OF SOLID 
FUEL BY THE ADIABATIC BOMB CALORIMETER 2i 


1. This method describes the procedure for determining the gross calorific value 
of solid fuel by the adiabatic bomb calorimeter. 

2. Calorific value is determined in this method by burning a weighed sample 
in an adiabatic oxygen bomb calorimeter under controlled conditions. The calorific 
value is computed from temperature observations made before and after com- 
bustion, taking proper allowance for thermometer and thermochemical corrections. 

3. Definitions and Units .— Calorific value is the heat of combustion of a substance. 
It is usually expressed in British thermal units per pound. (Calorific value may 
also be computed in calories per gram or joules per gram when required.) 

One Btu (British thermal unit) equals 1055.07 absolute joules. 

One international steam table calorie equals 4.1868 absolute joules. 

Gross calorific value is the heat produced by combustion of a unit quantity of 
solid fuel, at constant volume, in an oxygen bomb calorimeter under specified 
conditions such that all water in the products remains in liquid form. (Refer to 
ASTM D407-44, p. 1276.) 

Net calorific value is a lower value calculated from the gross calorific value. 
It is equivalent to the heat produced by combustion of a unit quantity of solid 
fuel at constant atmospheric pressure, under conditions such that all water in the 
products remains in the form of vapor. (Refer to ASTM D407-44, p. 1277.) 

Water equivalent, heat capacity, or energy equivalent is tire energy required to 
raise the temperature of the calorimeter one degree, expressed as Btu per pound 
per degree Centigrade or degree Fahrenheit per gram of sample. (This is the 
number that is multiplied by the temperature rise and divided by the sample 
weight in grams, to give the heating value.) 

Temperature is measured in either degrees Centigrade or degrees Fahrenheit. 
Temperatures may also be recorded in ohms or other units when using electric 
thermometers. Consistent units must be used in both the standardization and 
actual calorific determination. 

Time is expressed in minutes. 

Weights are measured in grams. 


Fifth Draft, completed and 
ohie£ Chemist, Union Electric 


approved by the Task Group C (Chairman A. O. Blatter 
Co., St. Louis, Missouri), of the ASTM Committee D-5. 
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4. Apparatus. Test Room.— The apparatus should be operated in a room or 
area free from drafts which can be kept at a reasonably uniform temperature for 
die time required for the determination. The apparatus should be shielded from 
direct sunlight and radiation from other sources. 

Oxygen Bomb.— The oxygen bomb shall be constructed of materials which are 
not affected by die combustion process or products sufficiently to introduce measur- 
able heat input or alteration of end products. If the bomb is lined with platinum 
or gold, all openings shall be sealed to prevent combustion products from reaching 
the base metal. The bomb must be designed so that all liquid combustion products 
can be completely recovered by washing the inner surfaces. There must be no gas 
leakage during a test. The bomb must be capable of withstanding a hydrostatic 
pressure test to 3000 psig at room temperature without stressing any part beyond 
its elastic limit. 

Calorimeter.— The calorimeter (Note 1) vessel shall be made of metal (preferably 
copper or brass) with a tarnish-resistant coating, and with all outer surfaces highly 
polished. Its size shall be such that the bomb will be completely immersed in water 
when the calorimeter is assembled. It shall have a device for stirring die water 
thoioughly and at a uniform rate, but with minimum heat input. Continuous 
stirring for 10 minutes shall not raise the calorimeter temperature more than 

0.01 'C. (0.02°F.) starting with identical temperatures in the calorimeter, room, and 
jacket. Tlve iwvnversed portion of the stirrer shall be coupled to the outside through 
a material of low heat conductivity. 

Note 1 .— As used in this method, die tcim “caloiimctcr” desciibes the bomb, the vessel 
with stiner, and the watci in which the bomb is immersed. 

Jacket.— The calorimeter shall be completely enclosed within a stirred water 
jacket and supported so diat its sides, top, and bottom are approximately 1 cm, 
from the jacket walls. The jacket shall have provisions for rapidly adjusting the 
jacket temperature to equal that of the calorimeter for adiabatic operation. It 
must be constructed so that any water evaporating from the jacket will not con' 
dense on the calorimeter. 

Tlieunometers.— Temperatures in die calorimeter and jacket shall be measured 
with die following thermometers or combinations thereof: 

1. Etched stem, mercury-in-glass thcimometeis such as No. 5G F or 5G C, meeting 
ASTM Specifications El, 23 may be used. Other thermometers of equal or better 
accuracy are satisfactory. These thermometers shall be tested for accuracy against 
a known standard (preferably by the National Bureau of Standards) at intervals no 
larger than 2.5°F. or 2.0°C. over the entire graduated scale. The maximum dif- 
ference in correction between any two test points shall not be more than 0.02°C. 
or 0.05°F. 

2. Beckmann differential theimometer, having a range of approximately G°C. in 
0.0I c C. subdivisions reading upward. Each of diese thermometers shall be tested 
for accuracy against a known standard (preferably by the National Bureau of 
Standards) at intervals no larger than 1°C. over die entire graduated scale. The 
maximum diffeiencc between any two test points shall not be more than 0.02*C. 

3. Calorimetric type platinum resistance thermometer, 25 ohm, tested for accuracy 
against a known standard (preferably by the National Bureau of Standards). 

25 1961 Book cl ASTM Standards, I’.ut 8, p. 1711. 
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Thermometer Accessories.-A magnifier is required for reading mercury-in-glass 
thermometers to one-tenth of the smallest scale division. This shall have a lens 
and holder designed so as to introduce no significant errors due to parallax A 
Wheatstone bridge and galvanometer capable of measuring resistance to 0.0001 
ohm are necessary for use with resistance thermometers. 

Sample Holder.-Samples shall be burned in an open crucible of platinum, 
quartz, or acceptable base metal alloy. Base metal alloy crucibles are acceptable 
if, after a few preliminary firings, the weight does not change significantly between 


Firing "Wire.— The firing wire shall be 10 cm. of No. 34 B & S nickel-chromium 
alloy wire or 10 cm. of No. 34 B & S iron wire. Platinum wire No. 38 B & S gauge 
may be used provided constant ignition energy is supplied. Alternately, a cotton 
thread may be used for ignition in conjunction with the firing wire. In this case, 
the firing wire shall be just long enough to stretch tautly between the ignition 
terminals. The lengths of the firing ivire and cotton thread shall remain constant 
for all calibrations. 

Firing Circuit.— A 6- to 16-volt alternating or direct current is required for igni- 
tion purposes with an ammeter or pilot light in the circuit to indicate when cur- 
rent is flowing. A step-down transformer connected to an alternating current 
lighting circuit or batteries may be used. 

Caution — The ignition circuit switch shall be of the momentary double contact 
type, normally open, except when held closed by the operator. The switch should 
be depressed only long enough to fire the bomb. 

5. Reagents. Alkali, Standard Solution.— One milliliter of this solution should 
be equivalent to 10.0 Btu in the nitric acid titration. Dissolve 20.90 g. of reagent 
grade anhydrous sodium carbonate (Na 2 CO s ) in distilled water and dilute to 1 
liter. The sodium carbonate should be previously dried for 24 hours at 105°C. 
The buret used for the nitric acid titration must be of such accuracy that estima- 
tions to 0.1 ml. can be made. 

Benzoic Acid, Standard.— Use National Bureau of Standards Benzoic Acid. The 
crystals shall be pelletized before use. Commercially prepared pellets may be used 
provided they are made from National Bureau of Standards Benzoic Acid. The 
value of heat of combustion of benzoic acid, for use in the calibration calcula- 
tions, shall be in accordance widi the value listed in the National Bureau of Stand- 
ards certificate issued with the standard. 

Methyl Orange, Methyl Red, or Methyl Purple Indicator.— These indicators 
may be used, and the selected shall be used consistently in both calibrations and 
calorific determination. 


Oxygen.— Oxygen must be free from combustible matter. Oxygen manufactured 
from liquid air, guaranteed to be greater than 99.5% pure, will meet this require- 
ment. Oxygen made by the electrolytic process may contain a small amount of 
hydrogen rendering it unfit without purification. 

6. Standardization.- Determine the water equivalent of the calorimeter as the 
average of a series of 10 individual runs, made over a period of not less than 3 
V iy . S . ' lor ™ ore than 5 da Y s - To be acceptable, the standard deviation of the series 

fnr be -n' D BtU Pef ° C (3-6 Btu P er ° F ’) or Iess - ( Refer te Appendix I on p 1184 
dhim ! ratl ° n sh ° Wing the necessary calculations.) For this purpose, any in- 
itial uin may be discarded only if there is evidence indicating incomplete 
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combustion. If this limit is not met. the entire series shall be repeated until a 
series is obtained with a standard deviation below the acceptable limit. 

The weights of the pellets of benzoic acid in each serjes should he regulated 
to yield the same temperature rise as that obtained with the various coal samples 
tested in the individual laboratories. The usual range of weight is 0.9 to 1.3 g. 
Make each determination according to the procedure described subsequently in 
Section 8, and compute the corrected temperature rise, t, as described in Section 
9(a). Determine the corrections for nitric acid and firing wire as described in 
Section 9(b) and substitute into the following equation: 

Jy _ (W( a ) + t\ + C3 + 

where W = water equivalent 

H = heat of combustion of benzoic acid, as stated in the NBS certificate, Btu per 
pound 

g — weight of benzoic acid, grams 
t =* corrected temperature rise (Section 9(a)) 
e\ =* titration correction, Btu (Section 9(b)) 
rj «= fuse wire correction, Btu (Section 9(b)) 
a = cotton thread correction, Btu (if used) (Section 9(b)). 

7. {tesiondrtrdizntiQn.— Checks on the standard water equivalent shall be de 
after changing any part of the calorimeter and qt least once a month. The test 
procedure for checking the standard water equivalent factor shall be in accordance 
with Section 6, except that the required number of individual runs shall be de- 
termined in accordance with the following instructions: 

1. If a single new standard value exceeds the old standard by ±6 Btu per °C. 
(±4 Btu per °F.), the old standard is suspect, thereby requiring a second test. 

2. The difference between the two new standards must not exceed 8 Btu per 
®C. (5 Btu per °F.), and the average of the two new standards must not differ 
from the old standard by more than ±4 Btu per °C. (±3 Btu per °F.). If these 
requirements are met, do not change the standard on the calorimeter. 

3. If these requirements are not met, two more standards must be run. The 
range of the four new standards must not exceed 14 Btu per °C. (8 Btu per *F.)i 
and the average of the four new standards must not differ from the old standard 
by more than ±3 Btu per °C. (±2 Btu per °F.). If these requirements are met, 
do not change the standard on the calorimeter. 

4. If these requirements are not met, a fifth and sixth standard must be run. 
The range of the six new standards must not exceed 17 Btu per °C. (10 Btu per 
°F.), and the a\eragc of the six new standards must not differ from the old stand- 
ard by mote than ±2 Btu per °C. (±2 Btu per °F.). If these requirements are 
met, do not change the siandatd on the calorimeter. 

5. If these requirements are not met, four more standards must be run to coin* 
plelc a series of ten runs. The range of these ten results must not exceed 20 
Btu per ®C. (12 Btu per *F.), and the average of the ten new standards must not 
differ from the old standard by more than ±1 Btu per °C. (±1 Btu per ®F-)« * 
these requirements are met, do not change the standard on the calorimeter. 

G. If these requirements ate not met, the average value from the ten new stain • 
ards must be used for the new standard water equivalent, provided that the stain - 
.ml dc\iation of the series docs not exceed 6.5 Btu per ®C. (3.G Btu per *F.). 
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Table 31-4 summarizes the numerical requirements at each stage of restandard- 
ization: 


Table 31-4. Test Values Exceeding Table Limits Require Additional Runs ° 


No. of 
Runs 

Maximum 

Range of Results 

Maximum Difference 
between X\ and Xs b 

Btu/°C. 

Btu/°F. 

| 

Btu/°C. 

Btu/°F. 

1 



±6 

±4 

2 

8 

5 


±3 

4 

14 

8 

±3 

±2 

6 

17 

10 

±2 

±2 

10 

20 

12 

±1 

±1 


° Values in this table have been rounded off after statistical calculation, and are therefore 
not precisely in a ratio of 1.8 to 1.0. 

6 .Yi = average of original standard. 

Xi — average of check runs. 

8. Procedure. Weight of Sample.— Thoroughly mix the analysis sample of coal 
or coke in the sample bottle and carefully weigh approximately 1 g. of it into 
the crucible in which it is to be burned. The sample shall be weighed to the 
nearest 0.1 mg. (Note 2) (Note 3) (Note 4). 


Note 2.— The balance should be checked periodical])' to determine its sensitivity. 

Note 3.-For anthracite, coke, and coal of high ash content, which do not readily burn 
completely the following procedures are recommended: {a) The inside of the crucible is 
lined completely with ignited asbestos in a thin layer pressed well down into the angles 
and the sample is then sprinkled evenly over the surface of the asbestos; or (b) the wemht 
ot the sample may be varied to obtain good ignition. If the weight is varied, it will°be 
necessary to recalibrate the calorimeter so that the water equivalent will be based on the 
same temperature rise as that obtained with the new sample weight; or (c) a known amount 

“? d ^ ay b , e " lixed wUh the sam P le ‘ Proper allowance must be made for dm 
neat ot combustion of benzoic acid when determining the calorific value of the sample. 

by 1 Sm ° f sample sha “ be pe,tormcd 

Water in Bomb.- Add 1.0 ml. of distilled water to the bomb by a pipet. Before 
a ing this water the bomb shall be rinsed, inverted to drain, and left undried 
Firing Wire.-Connect a measured length of firing wire to the ignition terminals 

If cotm° U J h a t0 a 1 ™ thC firing Wire to maintain contact with the sample’ 
mid F i hrCad 1S USGd ’ connect the firin S ™re tautly across the ignition terminal 

around u at abaut , the »>“• jtts 

■be normal l° mer y ^ wuh the sam P Ie ' the bomb in 

°xygcn.-Cha r ge the bomb with oxygen to a consistent pressure between on 
0 atmospheres. This pressure must remain the same for each calibrato! and 
tor ead, calorific determination. For the calorific vfifue of coke, i! I “e“essarv 
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to use 30 atmospheres oxygen pressure. If, by accident, the oxygen introduced 
into the bomb should exceed the specified pressure, do not proceed with the com- 
bustion. Detach the filling connection and exhaust the bomb in the usual man- 
ner. Discard this sample. 

The following precautions are recommended for safe calorimeter operation. 
Additional precautions may be found in ASTM Method E144-59T, 1961 Book of 
ASTM Standards, Part 8, p. 1835. 

(1) The weight of coal or coke sample and the pressure of the oxygen admitted 
to the bomb must not exceed the bomb manufacturer’s recommendations. 

(2) Bomb parts should be inspected carefully after each use. Threads on the 
main closure should be checked frequently for wear. Cracked or significantly 
worn parts should be replaced. The bomb should be returned to the manufac- 
turer occasionally for inspection and possibly proof firing. 

(3) The oxygen supply cylinder should be equipped with an approved type of 
safety device, such as a reducing valve, in addition to the needle valve and pres- 
sure gauge used in regulating the oxygen feed to the bomb. Valves, gauges and 
gaskets must meet industry safety code. Suitable reducing valves and adaptors for 
300 to 500 psi. discharge pressure are obtainable from commercial sources of com- 
pressed gas equipment. The pressure gauge shall be checked periodically for 
accuracy. 

(4) During ignition of a sample, the operator must not permit any portion of 
his body to extend over the calorimeter. 

Calorimeter Water.— It is preferable to adjust the calorimeter water temperature 
to from 1.0° to I.4°C. (2.0° to 2.5°F.) below room temperature. Use the same 
weight measured to ±0.5 g. of water in each experiment. For 2000-ml. calorime- 
ters, the proper quantity can be obtained by use of a volumetric flask calibrated 
to deliver 2000 ± 0.5 g. As the density of water varies with temperature, suitable 
corrections shall be made if the water temperature varies from the temperature 
at which the flask was calibrated. 

Observations.— Transfer the bomb to the calorimeter, check that it is gas tight, 
and connect it to the firing circuit. Place the stirrers, thermometers, and cover in 
position. Start the stirrers and keep them in continuous operation throughout the 
determination. Stir for at least 5 minutes before reading any temperature (Note 5). 
Adjust the jacket temperature to match the calorimeter within ±0.01 °C. (0.02°F.) 
and maintain for 3 minutes. Record the "initial temperature” to within one- 
tenth of the smallest thermometer subdivision and fire the charge. Adjust die 
jacket temperature to match that of the calorimeter during the period of rise, 
keeping the two temperatures as nearly equal as possible during the rapid rise 
and adjusting to within ±0.01 "C. (0.02°F.) when approaching the final equilibrium 
temperature. Take calorimeter temperature readings at I-minute intervals until 
the same temperature (within one-tenth of the smallest thermometer subdivision) 
is observed in three successive readings. Record this as the "final temperature.” 

Note 5.— Before taking any readings, tap the thermometer lightly and examine for 
mercury separation. Mercury separation will cause erroneous readings and should be 
corrected before proceeding. In addition, the entire thermometer should be examined 
daily. 

Analysis of Bomb Contents.— Remove the bomb and release the pressure at a 
uniform rate, such that the operation will require not less than 1 minute. Ex* 
amine the bomb interior and discard the test if unburned sample or sooty de- 
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posits are found. Wash die interior of the bomb with distilled water containing 
the titration indicator, until the washings are free of acid, and titrate the wash- 
ings with standard alkali solution. Remove and measure or weigh the combined 
pieces of unburned firing wire, and subtract from the original length or weight to 
determine the wire consumed in firing. Determine the sulfur content of the 
sample by any of the procedures described in ASTM Method D271-58, Sections 21 
through 29 (pp. 1155-1159). 

Calculations. 9(a) Temperature Rise.— Using data obtained as prescribed in Sec- 
tion 8 for Calorimetric Water, compute the corrected temperature rise, t, as follows: 

t = tf " ta 

where t - corrected temperature rise, °C. or °F. 

t a = “initial temperature” when charge was fired, corrected for thermometer error 
(Note 6) 

tj — “final temperature,” corrected for thermometer error 

Note 6.— With all mercury-in-glass thermometers, it is necessary to make the following 
corrections if the total heat value is altered by 5.0 Btu or more. This represents a change 
of 0.002° F. or 0.001°C. in a calorimeter using approximately 2000 g. of water. The correc- 
tions include the calibration correction as stated on the calibration certificate, the “setting” 
correction for Beckmann thermometers, according to the directions furnished by the 
calibration authority, and the correction for emergent stem. Directions for these correc- 
tions are given in Appendix II, Section A 2, p. 1 185. 

(b) Thermochemical Corrections (Appendix II, Section A 3).— Compute the fol- 
lowing for each test: 

e\ — correction for the heat of formation of nitric acid in Btu. Each milliliter of 
standard alkali is equivalent to 10.0 Btu 

(■> — correction for heat of formation of sulfuric acid, in Btu 

= 23.7 X percentage of sulfur in sample X weight of sample in grams 

(3 = correction for heat of combustion of firing wire, in Btu (Note 7) 

— 4.1 Btu per cm. or 2570 Btu per g. for 34 B & S gauge Chromel C. 

= 4.9 Btu per cm. or 3150 Btu per g. for 34 B & S gauge iron wire. 

XorE 7.— There is no correction for platinum wire provided the ignition energy is 
constant. 

<U = correction for heat of combustion of cotton thread (if used), in Btu. The heat 
supplied by the ignition of cotton thread is preferably determined by combustion 
in the bomb. As an alternative, it can be determined from the calorific value of 
cellulose, which is equivalent to 7524 Btu per g. 

(c) Calorific Value.— Compute the gross calorific value (gross heat of combustion) 
by substituting into the following equation: 

H = — n — f 2 — e 3 — e 4 

g 

"here H, — gross calorific value, in Btu per pound 

t - corrected temperature rise as calculated in Section 9(a), °C. or °F., 
consistent with the water equivalent value 
IF = water equivalent (see Section 6) 

( 3 , c - i = corrections as prescribed in Section 9(b) 
g — weight of sample in grams 
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The result obtained by the above method of calculation and determination is the 
gross calorific value (gross heat of combustion). 

Net calorific value (net heat of combustion) shall be calculated as follows: 

H, = H,- 10.30 (i H X 9) 

where = net calorific value (net heat of combustion), in Btu per pound 
H t — gross calorific value (gross heat of combustion) in Btu 
H — total hydrogen, per cent 

Precision.— The following data shall be used for judging die acceptability of 
results (95% probability) on split 60-mesh pulps: 

(а) Repeatability . — Duplicate results by the same laboratory on different days, 
using the same operator and equipment, should be considered suspect if they dif- 
fer by more dian the following amount: 

Repeatability 50 Btu, dry basis 

(б) Reproducibility .— Results submitted by two or more laboratories (different 
equipment, operators, date of test, and different portions of the same pulp) should 
be considered suspect if they differ by more than the following amount: 

Reproducibility 100 Btu, dry basis 

APPENDIX I 

CALCULATION OF STANDARD DEVIATIONS FOR 
CALORIMETER STANDARDIZATION 
AL— The following example illustrates the method of calculating standard devi- 
ations for calorimeter standardizations: 



Col. A 




Water 

Col. B 


Standardiza- 

Equivalent 

Code to 4400 

Col. C 

tion Wo. 

Btu/°C. 

{Col. A-4400) 

{Col. By 

1 

4,412 

12 

144 

2 

4,407 

7 

49 

3 

4,415 

15 

225 

4 

4,408 

8 

64 

5 

4,404 

4 

16 

6 

4,406 

6 

36 

7 

4,409 

9 

81 

8 

4,410 

10 

100 

9 

4,412 

12 

144 

10 

4,409 

9 

81 

Sum 


92 

940 


2x 

Average = x = — 

92 

= — 4- 4400 = 4409 
10 ^ 
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For example, suppose the initial reading t a was 80 °F., the final reading t c was 
86°F., and that the observed stem temperature t 1 was 82°F., and the calibration 
temperature 1° was 72°F.; then— 

Differential stem correction = 0.00009 (86° — 80°) (82° — 72°) 

= 0.005 °F. 

A3. Thermochemical Corrections. Heat of Formation of Nitric Acid.— A cor- 
rection (e v Section 9(b) of 10 Btu is applied for each milliliter of standard sodium 
carbonate solution used in the acid titration. The standard solution contains 
20.90 g. of Na 2 C0 3 per liter. This correction is based on the assumption that (1) 
all the acid titrated is nitric acid formed by the following reaction: 

+ ^0 2 + £HiO(/) =* HNO s (in 500 H a O) 

and (2) the energy of formation of 1 mole of HN0 3 in approximately 500 moles 
of water under bomb conditions is 14.1 kg. cal. per mole. 26 When sulfuric acid, 
H 2 S0 4 , is also present, part of the correction for H 2 S0 4 is contained in the e t 
correction and the remainder in the e 2 correction. 

Heat of Formation of Sulfuric Acid.— By definition (ASTM Method D407-44, 
p. 1276), the gross calorific value is obtained when the product of the combustion 
of sulfur in the sample is S0 2 (g). However, in actual bomb combustion processes, 
the sulfur is found as H 2 S0 4 in the bomb washings. A correction (e 2 , Section 
9(b)) of 23.7 Btu is applied for each per cent of sulfur in the 1 g. sample, which is 
converted to sulfuric acid. This correction is based upon the energy of formation 
of H 2 S0 4 in solutions such as will be present in the bomb at the end of a com- 
bustion. This energy is taken as —70.5 kg. cal. per mole. 26 A correction of 
2 X 14-1 per kg. cal. per mole of sulfur was applied in die e x correction, so the 
additional correction necessary is 70.5 — (2 X H.l) = 42.3 kg. cal. per mole or 
2370 Btu per gram of sulfur in the sample (23.7 Btu X weight of sample in 
grams X per cent sulfur in sample). 

The value of 2370 Btu per gram of sulfur is based on a coal containing about 
5% sulfur and about 5% hydrogen. The assumption is also made that die sul- 
furic acid is dissolved entirely in the water condensed during combustion of the 
sample. 27 If a 1-g. sample of such a fuel is burned, the resulting sulfuric acid 
condensed with water formed on die walls of the bomb will have a ratio of about 
15 moles of water to 1 mole of sulfuric acid. For this concentration the energy 
of the reaction 


S0 2 (g) + *Oj(g) + H 2 0(1) = H 2 S0 4 (in 15 H 2 0) 

under the conditions of the bomb process is —70.5 kg. cal. per mole. 

Basing the calculation upon a sample of comparatively large sulfur content re- 
duces the overall possible errors, because for smaller percentages of sulfur the 
correction is smaller. 

Fuse Wire.— Calculate the heat in Btu contributed by burning the fuse wire in 
accordance with die directions furnished by the supplier of the wire. For ex- 
ample, the heat of combustion of 34 B & S gauge Chromel C wire is equivalent 

Calculated from data in National Bureau of Standards Circular 500. , 

27 R. A. Mott and C. Parker, “Studies in Bomb Calorimetry IX— Formation of Sulfuric 
Acid,” Fuel 37, 371 (1958). 
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position of dialybite by the phosphoric acid. For decomposition of the carbon- 
ate minerals, they suggested hydrochloric acid as the reagent which would deal 
adequately with all coals and cokes. Air-dried samples ground to pass a No. 60 
(250-micron sieve) or, better, passing a No. 100 (149-micron) sieve if much impurity 
is present, are used. 

Significance of Tests.— If solid fuel contains carbonates, the volatile matter de- 
termined according to ASTM Method D27I-58 31 includes carbon dioxide evolved 
from carbonates, and the determined ash value is lower to that extent. The car- 
bon determined in ultimate analysis represents total carbon in coal and in mineral 
carbonates. Therefore, an accurate determination of total carbon dioxide in min- 
eral solid fuels is of significance for use in the correction of analytical results, in 
particular for correction of the volatile matter anti organic values, and for calcu- 
lation of coal analyses to the dry mineral matter-free basis. 

GRAVIMETRIC METHOD 

The determination of C0 2 is made gravimetrically by complete decomposition 
of carbonates present in a weighed quantity of the sample under investigation 
by action of 5 AT hydrochloric acid with 1 per cent of wetting agent in a closed 
system, and by absorption of the liberated C0 2 after purification from interfering 
substances, in a weighed vessel containing a reagent for carbon dioxide absorption. 

Apparatus.— The apparatus shall consist of the following main units listed in 
order of passage of air: 

(a) Air-Purifying Train 

(b) Reaction Unit Assembly 

(c) Gas-Purifying Train 

( d ) C0 2 -Absorption Unit 

(e) An Aspiration System 

The apparatus shown in Fig. 31*11 has been found most satisfactory in con- 
forming to the requirements outlined in the section on General Considerations 
and proved to be advantageous when many CO, determinations are made in coal, 
coke, oil shale, and other materials with a wide range of carbonate content. 

Noie 1.— The use of appaiatus modified from that shown in Fig. 31-11 shall be consid- 
ered permissible so long as results agree within the accepted tolcrances.32 

Purity of Reagents.— Reagent grade chemicals shall be used in all tests. Unless 
otherwise indicated, it is intended that all reagents shall conform to the specifica- 
tions of the Committee on Analytical Reagent of the American Chemical Society, 
whenever such specifications are available. 33 Other grades may be used, provided 
one first ascertains that the reagent is of sufficiently high purity to permit its use 
without lessening the accuracy of the determination. 

Unless otherwise indicated, references to water shall be understood to mean 
reagent water conforming to the Specifications for Reagent Water (ASTM Desig- 
nation: D1193). 34 

31 Methods of Laboratory Sampling and Analysis of Coal and Coke (D271-58), 1961> 
Book of ASTM Standards, Part 8 

32 ASTM Designation: D1756 6QT, Tentative Method of Test for Carbon Dioxide in 
Coal, 1961 Book of ASTM Standards, Part 8, p. 1284. 

33 Reagent Chemicals, American Chemical Society Specifications, American Chemtca 
Society, Washington, D. C. For suggestions on the testing of reagents not listed by t e 
American Chemical Society, see Reagent Chemicals and Standards, by Joseph Rosin, 
D. Van Nostrand Co., Inc., Princeton, N. J., and the United States Pharmacopeia. 

34 1961 Book of ASTM Standards, Part 8,p. 1816. 
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tjon of carbon dioxide is taking place. Discretion should be used in avoiding too 
rapid a flow 'which would exceed the capability of the purification train to remove 
interfering compounds and of the absorption tube to absorb entering COo com- 
pletely. When the evolution of C0 2 appears to have subsided, heat is applied to 
the reaction flask to bring the contents of it to the boiling point. To drive the 
reaction to completion, and to be certain that all evolved carbon dioxide is swept 
into the absorption tube, the contents of the reaction flask are gently boiled for 
approximately 30 min. 

The source of heat is then removed, aspiration of air discontinued, the absorp- 
tion tube disconnected from the train and weighed to the nearest 0.1 mg., taking 
precautions as described above. The difference in weight of the absorption tube, 
7, previous to and following the liberation of carbon dioxide from the sample, 
represents the weight of carbon dioxide evolved. 

Calculation.— Calculate the percentage of carbon dioxide (C0 2 ) in the sample 
as follows: 

COo, % = 4 X 100 

Li 

where .4 = increase in weight of COo absorption tube, in grams, and 
B — grams of sample used. 


PRESSOMETRIC METHOD 39,40.41,42,43,44 

The determination of COo according to pressometric method is based upon meas- 
uring the change in pressure resulting from the decomposition of carbonates by 
action of hydrochloric acid in a calibrated system of constant volume. The mercury 
level in the manometer of die system is read and recorded, and the pressure in- 
crease compared with that produced by a given weight of a carbonate of known 
composition. The change in height of the mercury level in the manometer is di- 
rectly proportional to the amount of C0 2 generated in the reaction flask. The 
use of factor-weight of material is recommended so that 10 mm. net displacement 
of mercury in the calibrated manometer tube will correspond to 0.1 per cent of 
CXX in die sample under investigation. 

Apparatus .— The apparatus shall consist of the following main units: 

Reaction Unit Assembly. 

Guard Tubes.— Two guard tubes charged with silica gel or anhydrous magnesium 
perchlorate. 


•" a A. E. Beet, Determination of Carbon Dioxide in Coals, Fuels in Science and Practice, 

23, March, 1944, pp. 58-60. 

futwisle and R. J. CofFey, Comparison of Methods for the Determination of Carbon 
loxule in Coal and Oil Shale, Thesis for Bachelor Chemical Engr. degree. Dept. Chemical 
-ugmeeiing, Ohio State University, 1951. 

,, 1 , Hughes, Apparatus for the Rapid Determination of COo Content of Raisin" 
c-Kn’ -J° 1,,na l ^ 0C * Chemical Industries (London) 61, Sept. 1942, pp. 105-106. ° 

in r , / *9 (Secrctariat-323)490, Draft ISO Proposal on Determination of Carbon Dioxide 
t - le ^essometvic Method. 

Cath < L. Kr . uniin an d R- Svanks, Study of Methods for the Determination of Carbonate 
1) 5 ° a r r 10 . xide Content in Solid Fuels, paper presented at meeting of ASTM Committee 
k’,, 0 '; Loal a »d Coke, June, 1956; Report of Investigation, Ohio State Univ., Engineering 
mi nii! lUin r « taUon ’ ** 0 PP- 1956 - p - Kruinin and K. Svanks, Four Methods of Detei> 
h i m , Carbon Dioxide in Solid Fuels, ASTM Bulletin No. 227, Jan., 195S, pp. 51-57. 
in Cn.i V?, °! 1 a,ul H. C. Wilkinson, Apparatus for the Determination of Carbon Dioxide 
• . Chemistry and Industry (London), Jan. 3, 1953, pp. 7-8. 
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Reagents . Carbon Dioxide Absorbent.— Sodium or potassium hydroxide (NaOH 
or KOH) impregnated on an inert carrier, No. 8 (2380-micron) to No. 20 (810- 
micron) mesh size. 35 

Hydrochloric Acid, 5 N (approximately).— Dilute 420 ml. of concentrated hy- 
drochloric acid (HC1, sp. gr. 1.19) to 1 liter with water. 

Siher Sulfate (Ag 2 S0 4 ) granular, or Copper Sulfate, Anhydrous (CuS0 4 ) im- 
pregnated on pumice. If copper sulfate is used, crush and sieve the pumice to 
obtain a fraction passing the No. 6 (3360-micron) sieve and retained on the No. 20 
(840-micron) sieve. Transfer 60 g. of the prepared pumice to a casserole, cover 
with a saturated solution of copper sulfate (CuS0 4 ), evaporate to dryness with con- 
stant stirring, and then heat 3 to 4 hr. at 150 to 160C. Cool in a desiccator and 
store in a glass-stoppered bottle. 

Sodium Carbonate or Calcium Carbonate (Na 2 C0 3 or CaC0 3 ). 

Water Absorbent.— Anhydrous magnesium perchlorate Mg(CI0 4 ) 2 or anhydrous 
calcium sulfate (CaS0 4 ), passing No. 8 (2380-micron) and retained on the No. 15 
(350-micron) sieve. 36 

Wetting Agent (10%).— Any wetting agent suitable for use in acid solution. 37 

Procedure.— When the apparatus is assembled as shown in Fig. 31-11, and made 
gas-tight by careful grinding, greasing, and tightening of all connections, the de- 
sired rate of air flow through the apparatus is established by regulating the screw 
clamp 3 (Fig. 31-11). Then the aspiration of air is discontinued by closing stop- 
cock, 2, the slight vacuum in the system is equalized by connecting the safety 
trap with atmosphere through the outlet in the bottom of the three-way stop- 
cock, 16a. The reaction flask, 15, is disconnected from the apparatus and into it 
are transferred approximately 5 g. (more or less, according to carbonate content) 
of air-dried sample weighed to the nearest 0.001 g. The sample in the reaction 
flask is then covered with 50 ml. of carbon dioxide-free distilled water, added 1% 
of a wetting agent, shaken vigorously to ensure a thorough wetting of the sample; 
then any adherent sample material is washed from the walls of the flask into die 
mixture using a small amount of C0 2 -free distilled water, and the reaction flask 
is connected to the apparatus; die glass beads in the U-tube, 10, are drenched With 
concentrated sulfuric acid before each experiment. 

In order to fill the apparatus with carbon dioxide-free air, about 1500 ml. of 
purified air is aspirated through the apparatus at a rate of 50 to 75 ml. per min. 
Then die aspiration is discontinued, the CO., -absorption tube, 7, removed from 
the train, wiped off with a chamois or chemically clean, lint-free cloth, slightly 
damp with water 38 and allowed to stand for 15 min. in the balance case, weighed 
to the nearest 0.1 nig., and connected to the train again. Aspiration of purified 
air through the system is repeated for another 10 min. at the rate of 50 to 75 ml. 
per min., until the weight of the absorption tube is constant within 0.0003 g. 

With the apparatus free of carbon dioxide and the weight of carbon dioxide 
absorption tube known, die analysis of the sample may be started. The aspira- 
tion system is set in operation again, and hydrochloric acid is admitted carefully 
from the tap funnel into die reaction flask, at such a rate that only a slow evolu* 

^Ascarite, Caroxite, and Mikohbite have been found satisfactory for this purpose. 

3«Anh) drone and Dchydrite have been found satisfactory for this purpose- 

3 * Aerosol and Pluronic L-14 have been found satisfactory for this purpose. . 

38 In atmosphere oi low humidity (60 per cent or lower) the U-tubc if rubbed with 
cotton cloth, will induce static charges. However, if a particle emitter is placed into inc 
balance case, the troublesome static charges will be dissipated. 
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Manometer.— A glass U-tube manometer provided with adjustable scale. 

A Source of Vacuum. 

Electric Hot Plate. 

The apparatus shown in detail in Fig. 31-12 has been found satisfactory for 
pressometric determination of carbon dioxide. 

Reagents. Hydrochloric Acid, 5 N (approximately).— Dilute 420 ml. of concen- 
trated hydrochloric acid (HC1, sp. gr. 1.19) to 1 liter with water. 

Calcium Carbonate (CaCO a ), of Anhydrous Sodium Carbonate (Na.,C0 3 ). 



Fic. 31-12. Diagram of Apparatus for Pressometric Determination of Caibonate COj. 


(1) Buret charged with 5 N HC1, with 1% 
wetting agent. 

(2) Small separatory funnel charged with 
exactly 2 ml. of the 5 N HC1. 

(3) 50 ml. reaction flask, suction type of 
I)tex glass with a side arm connected 
to the train with flexible pressure tub- 
mg. 

(4) Water bath. 

(5) Thermometer. 

(6) Stand. 

(7) Capillary tubing connected to the train 
with flexible pressure tubing. 

{8) Drying tube, about 5 mm. bore and 
about 20 cm. long charged with silica 
gel. 

(9) Capillary connecting T-piece. 


(10) Manometer gage consisting of capillary 
U-tube of 1 nun. bore, each aim being 
about 45 cm. long, with the bore of 
one arm (connected to the T-piece) en- 
larged to 4 mm. over a length of 7 cm. 

(11) Adjustable scale, giaduated in cm. and 
mm. 

(12) Guard tube, 10 cm. long and 5 nun- 
bore, charged with silica gel. 

(13) Three-way stopcock. 

(14) Connection to the atmosphere. 

(15) Connection to the \acuum. 

(16) Evacuated 2000 ml. suction flask, used 
as source of vacuum. 

(17) Mounting board. 

(18) Electric hot plate. 
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Silica gel, self inclicating size range No. 7 (2830-micron) to No. 25 (710-micron) 
mesh, or Anhydrous Magnesium Perchlorate Mg(C10 4 ) 2 , size range No. 16 (1190- 
micron) to No. 30 (590-micron) mesh. 

Calibration .- After testing for gas tightness, the apparatus must be calibrated at 
a specific temperature with a given weight of a carbonate of known composition 
in order to determine the net displacement of the mercury level. Several calibra- 
tion tests should be made and the average from at least four determinations taken. 
The calibration tests miist be repeated at frequent intervals and always when any 
part of the apparatus is replaced. 

Calculation of Factor-Weight To Be Taken .- It is recommended that a factor- 
weight of material to be used so that 1 pm. net displacement will correspond to 
0.1% of CO._, in the sample. 

Example.— In calibrating a particular apparatus at 23°C., with 0.1000 g. of 
powdered calcium carbonate containing 0.044 g. of C0 2 , the evolved C0 2 caused 
an average upward movement of 29.6 cm. in the mercury level of the manometer, 
10 (Fig. 33-12), this value being designated as gross displacement x. A blank test 
using 2 ml. of acid only (no cglcjiim carfepqate), raised the meycury level 1.2 cm., y. 
Thus, net displacement is x - y = 2Q.§ pm ; — 1 .2 cm. = 28.4 cm. Then factor- 
weight in grams is calculated: 


Q.044g. X 1 

Q.l (x — y) cm. 


X 100 


1.549 


-Y — V 


Note 2.— A blank test using 2 ml. qf distilled water and weight of coal equal to the 
approximate factor-. weight shall he made in the same manner as described above, to 
cprrect the npt displacement valpe, and consequently, thq factqr-weight fp b.e taken. 

Procedure .— Finely powdered sample (through 60 mesh or finer) is weighed to the 
nearest 0.001 g. and transferred into the reaction flask, 3 of Fig. 33-12, with a 
specific number of glass beads. The stem of the separatory funnel, 2, is filled with 
distilled rvater and the funnel rvith stopcock is connected to the apparatus by push- 
ing the rubber stopper each time to a calibrated mark on the neck of the reaction 
flask, 3, in order to maintain constant A'olume of the apparatus; 5 N hydrochloric 
acid with 1% Averting agent is placed in the bpret, 1. Stopcock, 13, is turned in 
such a position that tubing, 12, and 15, is connected. Stopcock, 16a, on the vacuum 
bottle, 16, is carefully manipulated so that part of the gases are withdrawn from 
the system, lotvering tire mercury in the open arm of the manometer to some pre- 
determined position on the scale, 11. The rvater bath, 4, is placed in position 
as shoAvn. The apparatus is permitted to stand approximately’ 10 min. in order 
for the system to reach equilibrium. The degree of equilibriqiyt is indicated by 
the stability of the mercury level in the manometer, 10. One millimeter movement 
°f the mercury in 10 min. is the maximum allowable. Then the scale Avhich is 
divided into centimeters rvith 0.1 subdivisions is adjusted so that its zero is level 
tuth the top of the mercury xyteniscus. 

Exactly 2. ml. of the 5 N FfCl frqm the bqrpt, I (Fig. 31-12), are admitted into 
1 te small separatory funnel, 2, and into reaction flask, 3, Avhich is shaken to wet the 
sample thoroughly. (The reaction flask can be shaken rvhije connected in the 
train because die rubber connections on both ends of the tube, 7, are flexihle.) 

ten the reaction subsides, the rvater bath, 4, and the stand, 6, are rempved. To 
| me the reaction to completion, the flask and its contents are heated for 2 min. 
t) means of an electric hot plate, 18. The contents are thus heated to between 
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50 * and 60° C. The flask, 3, is shaken continually for 1 or 2 min., then immersed 
in water bath, 4, as before and die apparatus is permitted to stand for approxi- 
mately 10 min. during which time equilibrium is achieved. The mercury level 
in the manometer is read and recorded, and the blank deducted. The temperature 
is recorded, and if there is notable deviation from the standard temperature a 
correction is applied. The corrected net reading in decimeters gives the percentage 
of C0 2 in the sample under investigation. 

Precision.— The following permissible differences in results should be used for 
judging the acceptability of results: 45 

Reprcducibihty 

Repeatability ( Same (Different 

Carbon Dioxide , % Laboratory ), % Laboratories), % 

Under 1.0 0.05 0.10 


Over 1.0 0.10 0.20 


THE DETERMINATION OF FORMS OF SULFUR 
IN COAL 40 - *'• «. 4B « 50 * 51 - 52 

Occurrence of Sulfur.— Sulfur does not occur as such in coal but is invariably 
present in organic compounds along with the coal substance, because of the fact 
that coal-forming vegetation contains both protein and non-protein sulfur, hi 
addition, forms of sulfur occur in coals as impurities in inorganic combinations, 
mainly as sulfides of iron (pyritic or markasite, FeS a ); a small amount ol sulfur, 
especially in weathered coals, occurs also as sulfates, generally as gypsum (CaS0 4 * 
2H a O); and sometimes also as ferrous sulfate (FeS0 4 -7H.,0). 

These forms ol sulfur are commonly referred to as sulfate-, pyritic-, and organic- 
sulfur. 

Scope.— This method of test covers procedures for the gravimetric determination 
of sulfate sulfur in the hydrochloric acid extract of the coal sample, and the indirect 
determination of pyritic sullur by determining, titrimetrically, the iron combined 
in the pyritic state, employing the nitric acid extract of the coal sample. The 
organic sullur is calculated by the deduction of sulfate- and pyritic-sulfur from the 
total sulfur. 

Summary of Method.— An essential feature of these methods is extraction of sul- 
fate- and pyritic-sulfur from a weighed quantity of air-dried coal pulverized to pass 
a No. 60 (250-micron) sieve by treatment with diluted acids. 

is ASTM Designation: D1756-60T, 1961 Book of ASTM Standards, Part 8, p. 1287. 

4 « Edwards, A. H-, Day bell, G. N., and Pringle, W. J. S., An Investigation into Methods 
for the Determination of Forms of Sulfur in Coal, Fuel, 37, -17-61, Jan. 1958. 

41 ISO Recommendation No. 157— Determination of Forms of Sulfur in Coal, 1961. 

« Krumin, Peter O., The Meigs Cieek No. 9 Coal Bed in Ohio, Pari III— Further Study 
of the Chemical and Physical Properties, and Wasliability Characteristics, with a Brie 
Review of New Methods Employed, OSU, Engng. E\pt. Sta. Bull., 1 65, 47—51, J u *>* * , 

40 Krumin, P. 0-» Inlerlaboratory Study of Methods for the Determination of Tota 
Sulfur, Forms of Sulfur, and Chlorine in Coal, pap. to Ann. Meet. ASTM D-5, June, iyj-6 
R. I. Ohio State Univ. Engng. Expt. Sta., June, 1959, 55 pp. . _ n 

so Mott, R. A., Rapid Determination of Forms of Sulfur in Coal (Brit. Coke^ ie • 
Association, Panel No. 1, Third Rept. to Res. Comm., July 1949, 13 pp ): Fuel, 2 J, • 
Mar. 1950. _ - 

54 Mott, R. A., Rapid Determination of Pyritic and Sulphate Sulphur in Coals, Gas. J * 
2C4, 44, Oct. 4, 1950. 

52 Tcichmann, R. F. J., The Oxidation of Pyrites Associated with African Coals, J. C len . 
Met. and Mining (Soc. of S. Africa) XLV (7 and 8) 141-156, Jan.-Feb. 1954. 
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The sulfate-sulfur is extracted from a sample of coal with diluted hydrochloric 
acid and determined in die extract gravimetrically as BaS0 4 . In addition, the 
iron content of the extract is also determined for use in the calculation of pyritic 

sulfur. 

The pyritic sulfur minerals, being insoluble in dilute hydrochloric acid, are 
quantitatively dissolved by dilute nitric acid under the experimental conditions, 
employing another portion of the sample. Since the nitric acid dissolves pyritic- 
sulfur-, plus hydrochloric acid soluble sulfate-sulfur compounds, and a small portion 
of the organic-sulfur from some coal, the 
sulfur content of this extract is not a reli- 
able measure of the pyri tic-sulfur, even 
after correction for sulfate-sulfur. There- 
fore, the determination of pyritic sulfur is 
carried out indirectly in the nitric acid ex- 
tract. The pyritic-sulfur is conveniently 
obtained by determining the amount of 
iron combined in pyritic state, which is 
equal to the difference between nitric acid 
and hydrochloric acid soluble iron; and the 
pyritic-sulfur calculated from stoichiometric 
formula FeS 2 . 

Note.— An alternative procedure may be 
used, according to which the two acid extrac- 
tions are carried out on the same portion of 
the coal sample under investigation, the nitric 
acid treatment being applied to the coal resi- 
due from the hydrochloric acid extraction for 
determination of sulfate-sulfur. In this case, 
the determination of iron in the hydrochloric 
acid extract is unnecessary, because the iron 
determined in nitric acid extract represents 
the pyritic iron. However, there are several 
objections: for example, if the percentage of 
pyritic iron in coal is high, a 5-g. sample of 
coal, as required for the determination of usu- 
ally low sulfate-sulfur content, would cause difficulties in handling relatively large amounts 
of pyritic iron and would require the use of an aliquot; the determination of pyritic iron 
is delayed until the extraction of sulfate-sulfur is completed. 

Significatice .— Early investigators considered only the total sulfur content in coal 
because of the necessity of knowing it as a factor for correction in the calorimetric 
determination of heat of combustion. However, the behavior of the individual 
°nns in which sulfur occurs in coal is of prime importance in coal preparation, 
storage, and various uses of coal. The amount of individual forms of sulfur must 
e k n °wn for coal analysis, particularly for calculation of analysis data to mineral 
matter-free basis. Consequently, to know die total amount of sulfur in coal, as 

'' e as tbe forms in which sulfur occurs in run-of-mine and in marketable coal is 
oi great significance. 

Apparatus. Cold Finger Condenser (Fig. 31-13). 

ucibles.— Porcelain, platinum, alundum, or silica crucibles of 10-15-ml. capacity 

be ll sed for igniting BaS0 4 . 

ot Plate.— Electrically heated hot plate, with full temperature control which 
Pmims adjustment of surface temperatures. 



Fig. 31-13. Cold Finger Condenser for 
Use in the Determination of Forms of 
Sulfur. 
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Muffle furnace.— Electrically heated muffle furnace with a substantially uniform 
hot zone at 800®C ± 25°C. 

Mechanical Shaking Machine. 

Purity of Reagents .— Reagent grade chemicals shall be used in all tests. Unless 
otherwise indicated, it is intended that all reagents shall conform to the specifica- 
tions of the committee on Analytical Reagents of the American Chemical Society, 
where such specifications are available. 53 Other grades may be used, provided it is 
first ascertained that the reagent is of sufficiently high purity to permit the use with- 
out lessening the accuracy of the determination. 

Unless otherwise indicated, references to water shall be understood to mean re- 
agent water conforming to the Specifications for Reagent Water (ASTM Designa- 
tion: Dll 93). 5 * 

Reagents. Ammonium Hydroxide, 18 IV.— Ammonium hydroxide (NH 4 OH, sp. 
gr. 0.880). 

Ammonium Thiocyanate Solution (100 g. per liter).— Dissolve 100 g. ammonium 
thiocyanate (NH 4 CNS) crystals in water, filter, and dilute the clear filtrate to 1 liter. 

Barium Chloride Solution (100 g. per liter).— Dissolve 100 g, barium chloride 
(BaCI 2 ’2H 2 0) in I liter water. 

Hydrochloric Acid, 11 to 12 JV.— Concentrated hydrochloric acid (HC1, sp. 
gr. 1.19). 

Hydrochloric Acid, 5 N .— Dilute 420 ml. concentrated hydrochloric acid (HCl) to 
1 liter with water. 

Hydrochloric Acid, 0.5 2V.— Dilute 42 ml. concentrated hydrochloric acid (HCl) to 
1 liter with water. 

Hydrogen Peroxide.— Hydrogen peroxide (H^Og) 30% weight/volume. 

Methyl Orange Indicator Solution .— Dissolve 0.02 g. methyl orange in 100 ml. 
hot water and filter. 

Nitric Acid, 2 IV.— Dilute 125 ml. concentrated nitric acid (HNO s sp. gr. 1.42) to 
1 liter with water. 

Standard Blank Solution.— Dissolve 0.600 g. potassium sulfate (K 2 S0 4 ) in water 
and make up vo 1000-mV. boluiion. 

Standardized Titanous Chloride Solution, 0.06 N (approximately).— Dilute 50 ml. 
commercially available 20% titanous chloride solution to 1000 ml. with hydrochloric 
acid (5:95), and accurately standardize against a primary standard. 

Standardization Procedure for Titanous Chloride— (a) Preparation of Standard 
Iron Solution (1 ml. - 0.001 g. Fe). Weigh accurately 1.0000 g. iron of known 
composition, transfer into a 250-ml. beaker and dissolve in 50 ml. of hydrochloric 
acid (1:1). (See Note.) Oxidize with hydrogen peroxide (30%), adding a few drops 
in excess, and boil for 30 minutes. Add 25 ml. of hydrochloric acid, cool, and 
dilute to 1 liter in a volumetric flask. 

(b) Standardization.— Pipet a 100-ml. portion of standard iron solution (a) into a 
500-mi. Erlenmeyer flask; add 150 ml. of hydrochloric acid (5:95) and 10 ml. of 
ammonium thiocyanate solution (10:90), and titrate with TiCl 3 to a complete loss 
of color. When nearing the end of the titration, add the TiCl 3 solution dropwise 

S3 Reagent Chemicals, American Chemical Society Specifications, American Chemical 
Society, Washington, D. C. For suggestions on the testing of reagents not listed by the 
American Chemical Society, see Reagent Chemicals and Standards, by Joseph Rosin, 
D. Van N'ostrahd Co., Inc, Princeton, N. J., and the United Stales Pharmacopeia. 

« 1961 Booh of ASTM Staiulaids, Part 8, p. 1816. 
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and swirl the contents for approximately one minute (avoiding shaking of air 
bubbles into the solution) before adding the next drop. 

Normality of TiCls solution = — X 0.017905, 

jD 

where A = milliliters of standard iron solution, and 

B = milliliters of TiCl 3 solution required to titrate the standard iron solution. 

1000 

Factor 0.017905 = — X 0.001 

55.85 

(55.85 g. Fe are equivalent to 1000 ml. of 1 A TiCl 3 j 1 ml. of standard iron solution 
= 0.001 g. Fe) 




Fig. 31-15. Apparatus for 
Storage of Titanous Chlo- 
ride Solution under an At- 
mosphere of Hydrogen. 
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Notl.— National Bureau of Standards standard sample No. 55d of ingot non is satis- 
factory for this purpose. 

Storage of Standardized Titanous Chloride Solution.— The titanous chloride stand- 
ard solution must be protected from direct sunlight and contact with air, because 
it is easily oxidized. This little inconvenience is required as a precaution and is 
well justified, because titanous chloride is a powerful reducing agent and very 
useful for the direct titration of ferric iron. 

The titanous chloride standard solution can be stored in an atmosphere of 
hydrogen over the solution during two months or e\en longer with no appreciable 
change, employing apparatus as shown in Figs. 31-14 or 31-15. The normality, 
however, should be checked at fairly frequent intervals. 

DETERMINATION OF SULFATE SULFUR 

Obtain a laboratory sample prepared according to ASTM Designation: D271-58 
(p. 1145). 

Extraction of Sulfate Sulfur.— Before commencing the determination, mix the 
sample thoroughly, preferably by mechanical means. Weigh accurately about 5 g. 
air-dried coal ground to pass a 60-mesh (250-micron) sieve, transfer it into a 250- 
ml. Erlenmeyer flask, add carefully 25 ml. of 5 N hydrochloric acid, and close with 
a rubber stopper after indications of the evolution of gases cease. Shake the flask 
on a mechanical shaking machine (5 to 10 minutes) until the coal is thoroughly 
wetted, then add another 25 ml. of 5 AT hydrochloric acid, washing the coal from 
die stopper and from the sides of the flask. Fit a cold finger condenser (Fig. 31-13) 
into die neck of the flask and place on hot plate. Boil for 30 minutes, rinse the 
cold finger condenser with dilute hydrochloric acid, and filter the contents of the 
flask dirough a medium-textured double acid-washed filter paper into 400 ml. 
beaker. Transfer the residue to the filter, wash six times with the dilute hydro- 
chloric acid, using a total quantity of about 20 ml., and discard the residual coal 
left on the filter paper. Determine, in the filtrate, the sulfur and the iron (repre- 
senting hydrochloric acid soluble iron). 

Separation of Sulfur and Iron.— Add 2 to 10 ml. of saturated bromine water to 
die filtrate, boil die mixture for 5 minutes to ensure that all the iron is in the 
ferric state, and to expel the excess bromine. Precipitate the iron by adding 
cautiously ammonium hydroxide in a slow stream until a slight excess is present, 
and add 5 ml. in excess, constantly stirring to coagulate the ferric hydroxide. Place 
covered beaker on die hot plate and boil for 1 minute. Then filter the liquid 
(employing glass funnels with well-fitted, asliless, medium-texture 11-cm. filter paper) 
into a 600-ml. beaker. Wash the precipitate several times with hot water to which 
lias been added a trace of NH 4 C1 and NH 4 OH. Retain die filtrate for the deter- 
mination of sulfur, and the precipitate with the original beaker for the determi- 
nation of non-pyritic iron. 

Note.— I f a relatively large amount of iron is present, dissolve the iron in the original 
beaker and reprccipitate; add the filtrate from the second precipitation directly to the ins 
filtrate, and determine the sulfur in it. 

Determination of Sulfate Sulfur.~- Neutralize die filtrates from die precipitation 
of ferric hydroxide with concentrated hydrochloric acid and add an excess of about 
1 ml., employing methyl orange as indicator. Heat the solution to boiling and 
add dropwise, with stirring, 10 ml. of 10% barium chloride. Complete the gravi- 
metric determination of sulfur according to ASTM Designation: D271-58 (p. Ha 6 )* 
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The sulfur determined in the filtrate represents die sulfur combined as sulfate in 

the coal. . 

Blank.— Carry out a blank determination under the same conditions but omit 

the coal. Pipet 10 ml. of the standard sulfate solution to the filtrate before adding 
the methyl orange indicator. The weight of the barium sulfate found in the blank 
determination, less the equivalent of the standard solution, is deducted from that 
obtained in the full determination. 

Determination of Non-Pyritic Iron— Dissolve the iron precipitate from the filter 
paper with 120 ml. of hot hydrochloric acid (10:90), collect the filtrate into original 
beaker used for precipitation of die iron, and loosen traces of precipitate from the 
walls of die beaker by a glass rod tipped with a rubber policeman. Rinse the filter 
paper with 120 ml. hot water, cool the filtrate, and add to it 25 ml. of 10% ammo- 
nium thiocyanate solution as an internal indicator and determine the iron in cold 
solution by titration with approximately 0.06 N standardized titanous chloride. (See 
Note.) 

Note.— Alternative titrimetric methods for the determination of iron are permissible, 
provided that the results obtained by these methods will lay within the established limits 
of tolerances. 

When ammonium thiocyanate is added to a ferric chloride solution blood-red 
thiocyanate is formed. 

FeCl 3 + 3NH 4 CNS Fe(CNS) 3 + 3NH 4 C1 

Ferric chloride reacts with titanium trichloride to give ferrous chloride and 
titanium tetrachloride: 


FeCl 3 + TiCI 3 -> FeCl 2 + TiCl 4 

The end point is reached when complete loss of color takes place. 

Blank.— Make a blank determination, following the same procedure and using 
die same amounts of all reagents. 

Record tire volume (ml.) of titanous chloride solution required for titration of 
sample, subtract the volume (ml.) required for blank, and use the difference in 
calculation of pyritic iron. 

DETERMINATION OF PYRITIC SULFUR-INDIRECT 

Extraction of Pyritic Iron .— Before commencing the determinations, mix the sam- 
ple thoroughly, preferably by mechanical means. 

Weigh accurately about 1 g. air-dried coal, ground to pass a 60-mesh (250-micron) 
sie\e and transfer into a 250-ml. Erlenmeyer flask; add 25 ml. of the 2 N nitric acid 
and close with a stopper after indication of the evolution of gases ceases. Shake 
e * n a mechanical shaking machine until the coal is thoroughly wetted (5 to 
minutes), then rinse the coal from the stopper and the walls of the flask with 
another 25 ml. of 2 N nitric acid; place a cold finger condenser (Fig. S1-1S) into the 
9 °^ °f and boil for 30 minutes. Then rinse the cold glass finger with 

“/ mtnc ac U, and filter the contents through a medium textured double acid- 
^ ter P a P er ^ nto a 600-ml. beaker, wash six times with the 2 N nitric acid, 

. lscar d the residual, coal left on the filter paper. Retain the filtrate for de- 
termination of iron. 

destr^ t0 ^ trate -2 ml. of 30% hydrogen peroxide and boil for 5 minutes to 
°y any coloration arising from the decomposition of the coal. 
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Separation of Iron .— Heat the filtrate to boiling point, precipitate the iron hy 
adding the ammonium hydroxide in a slow stream until a slight excess is present, 
constantly stirring to coagulate the ferric hydroxide. Place tire covered beaker on 
the hot plate and boil for 1 minute. Filter through an ashless, medium-textured 
filter paper into a beaker, and wash the precipitate several times with hot water 
to which has been added a trace of NH 4 C1 and NH 4 OH. Retain the precipitate 
with original beaker, for determination of iron. 

Dissolve the iron precipitate on filter paper with 25 to 30 ml. of hot 5 N hydro- 
chloric acid, wash filter six times with hot (10:90) hydrochloric acid, collect the fil- 
trate into original beaker used for precipitation of the iron, and loosen the traces 
of precipitate from the walls of the beaker by a glass rod tipped with a policeman. 

Reprecipitate the iron in the filtrate as before, and filter. 

DETERMINATION OF PYRITIC IRON-TIT ANOUS CHLORIDE METHOD 

Procedure.— Dissolve the iron precipitate, and determine the iron in cold solu- 
tion by titration with titanous chloride as described in the preceding section. 

The amount of iron so determined represents both the pyritic and the hydro- 
chloric acid soluble iron in coal. The pyritic iron is the difference between the 
amounts of iron determined in the two extracts. 

Blank.— Make a blank determination, following the same procedure and using 
the same amounts of all reagents employed in the regular determination, and 
correct the volume (ml.) of titanous chloride required for titration of tire sample 
by subtracting the volume (ml.) used in titration of the blank. 

Calculation.— Calculate the pyritic-sulfur content as follows: 

Pyritic-sulfur, per cent by weight = (— — ■—) N X 6.412 
\w W J 

where A = milliliters of TiCl3 solution required for the titration of iron of the nitric acid 
extract, after subtraction of the blank value, 

B ~ milliliters of TiCl 3 solution required for titration of iron of the hydrochloric 
acid extract, after subtraction of the blank value, 
w — weight (g.) of sample used in nitric acid extraction, 

W = weight (g.) of sample used in hydrochloric extraction, and 
N — normality of the TiCI 3 solution (1 ml. 0.1 N TiCI 3 solution = 0.005585 g. 

Fe), and factor 6.412 = (o.05585 X |r) X 100 = 5.585 X 1.1481. 

ALTERNATIVE FOR THE DETERMINATION OF IRON BY THE 
STANNOUS CHLORIDE-POTASSIUM DICHROMATE METHOD 55 

Reagents. Stannous Chloride Solution (50 g. per liter).— Dissolve 5 g- of 
SnCl 2 -2H,0 in 10 ml. of HC1 and dilute to 100 ml. with water. Prepare this solu- 
tion freshly before use. 

Mercuric Chloride Solution (saturated).— Dissolve 8 g. of HgCI 2 in 100 milliliters 
of hot water, cool to room temperature, and filter. 

Sulfuric— Phosphoric Acid Mixture.— Slowly add 150 ml. of H 2 S0 4 and 150 ml. of 
H3PO4 (85%) to 700 ml. of cold water, while stirring constantly. 

35 For further information concerning the determination of iron by this method, see 
1956 Book of ASTM Methods for Chemical Analysis of Metals. 



COAL AND COKE 1201 

Sodium Diphenylamine Sulfonate Indicator Solution (2 g. per li ter) .-Method A 
/Preparation from Barium Diphenylamine Sulfonate),— Dissolve 0,32 g, of barium 
diphenylamine sulfonate in 100 ml. of hot water. Add 0.5 g. of Na 2 S0 4 , stir, and 
filter off the precipitate of BaS0 4 . Store in a dark-colored bottle. 

Method B (Preparation from Sodium Diphenylamine Sulfonate).— Dissolve 0.20 g. 
of sodium diphenylamine sulfonate in 100 ml. of water. Store in a dark-colored 

bottle. ' . 

Standard Potassium Dichromate Solution (0.1 IV).— Twice recrystallize K 2 Cr 2 0 7 

from water. Dry the crystals at 110°C., pulverize, and dry at 180°C. to constant 
weight. Dissolve 4.9035 g. of the K 2 Cr 2 0 7 in water and dilute to 1 liter in a 
volumetric flask. 

Standardization.— This; is a primary standard. 

Non:.— National Bureau of Standards oxidimetric standard sample No. 136 of K 2 Cr 2 0 7 
is satisfactory for this purpose. 

Procedure— Dissolve the iron precipitate retained as described in the section on 

Separation of Sulfur and Iron (p. 1198), and the section on the Separation of 

Iron (p. 1200) with 15 to 25 ml. of hot HC1 (1;4) and wash the filter thoroughly 
with hot water. Heat the solution to boiling. Add SnCl 2 solution drop by drop, 
while stirring, until the color of the ferric iyon is discharged, and then add 1 or 
2 drops more. Wash down the inside of the beaker and quickly cool the solution 
to room temperature. Add, all at once, 10 ml. of saturated HgCl 2 solution, stir, 
again wash down the inside of the beaker, and allow the solution to stand for 2 

to 3 minutes. Add 15 ml. of the H 2 S0 4 — H 3 PG 4 mixture and 2 to 3 drops of 

sodium diphenylamine sulfonate indicator, and dilute to about 200 ml. Titrate 
slowly with 0.1 N K 2 Cr 2 0 7 . As the end point is approached, the color deepens to 
a blue green, which changes to a purple or violet blue on the addition of 1 drop of 
KXr.,0-. The titration should be finished deliberately, as it takes a few seconds 
to obtain the permanent end point color. 

Blank.— Make a blank determination, following the same procedure and using 
the same amounts of all reagents. 

Note. -Ferric iron must be present in the sq.lqtiqn in order to obtain the purple or 
uolet-blue end point color. If the color fails to form, the blank is less than the equivalent 
0 1 drop of 0.02 N FeS0 4 , as this contains sufficient iron to yield an end point. 

Calculation.— Calculate the percentage of. iron as follows: 

Iron, % by weight = X 5.585 

"heic .4 = milliliters of PTCroCb solution required fop titration of the sample, 

B ~ milliliters of K 2 Cr 2 C >7 solution required for titration of the blank, 

C = Normality of K 2 Cr 20 7 solution, and 
& ~ grams of sample used. 

0 ml. 1 A r K 2 Cr 2 0 7 solution = 0.05585 g. Fe) 

ORGANIC SULFUR 

01 rt, 6 P ercetUa S e °f organic sulfur in the coal is. obtained by subtracting the sum 

C su fate an d pyritic-sulfur from the percentage of total sulfur in the coal 
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obtained in a separate determination by the Eschka or other standard methods, 
according to ASTM Designation: D271-58 (p. 1155). 

TOLERANCES 

The results of duplicate determinations carried out at different times on the 
same sample in the same laboratory by the same operator using the same ap- 
paratus should not differ more than: 


Sulfate sulfur 0.02 

Pyritic sulfur, under 2% 0.05 

Pyritic sulfur, 2% or more 0.10 


Tile means of the results of duplicate determinations carried out by different 
laboratories on representative samples taken from the same bulk sample after the 
last stage of reduction should not differ more than: 


Sulfate sulfur 0.03 

Pyritic sulfur, under 2% 0.10 

Pyritic sulfur, 2% or more 0.20 


SULFUR IN COAL ASH 58 

This method of test covers the gravimetric determination of sulfur in the coal 
ash obtained from tests in accordance with Section 13 and 14 ot the Methods of 
Laboratory Sampling and Analysis of Coal and Coke (ASTM Designation: D271, 
p. 1151). 

Apparatus. Crucibles with Lids, platinum, 30-ml. 

Crucibles, porcelain, platinum, alundum, or silica, low-form, 10 to 15 ml. 

Muffle Furnace, electric, capable of reaching a temperature of 950°C. 

Purity of Reagents .— Reagent grade chemicals shall be used in all tests. Unless 
otherwise indicated, it is intended that all reagents shall conform to the specific 
cations of the committee on Analytical Reagents of the American Chemical So- 
ciety, where such specifications are available. 57 Other grades may be used, pro- 
vided it is first ascertained that the reagent is of sufficiently high purity to permit 
its use without lessening the accuracy of the determination. 

Unless otherwise indicated, references to water shall be understood to mean 
reagent water conforming to the Specifications for Reagent Water (ASTM Desig- 
nation: D1193). 

Reagents. Barium Chloride Solution (100 g. per liter).— Dissolve 100 g. of 
barium chloride (BaCl 2 -2H 2 0) in water and dilute to I liter. 

Hydrochloric Acid (1:1).— Mix l volume of concentrated hydrochloric acid 
(HCl, sp. gr. 1.19) with 1 volume of water. 

Methyl Orange Indicator Solution (0.20 g. per Iiter).-DissoIve 0.02 g. of methyl 
mange in 100 ml. of water and filter. 

si Under the standardization procedure of the Society, this method is under the juris- 
diction ot the ASTM Committee D-5 on Coal and Coke. Standardized as D1757-60T. 

5 < Reagent Chemicals, American Chemical Society Specifications, American Chemical °* 
ciety, Washington, D. C. For suggestions on the testing of reagents not listed by tie 
American Chemical Society, see Reagent Chemicals and Standards, by Joseph Rosin, D. van 
Nostrand Co., Inc., Princeton, N. J., and the United Slates Pharmacopeia. 
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by G. N. Daybell and W. J. S. Pringle, 58 confirm reports made by early investi- 
gators that only part of the chlorine in coal can be removed by extraction with 
water, indicating that only part can be present as sodium chloride. They estab- 
lished also that potassium-, calcium-, and magnesium-chlorides are not present in 
significant amounts in the British coals used for investigation, and that a consider- 
able part of chlorine is present not as metal chlorides, but as chloride ions attached 
to the coal substance by a linkage with ion-exchange properties. The coals ex- 
amined by Daybell and Pringle contained water-soluble sodium equivalent to 
one third to one half (30% to 54%) of the total chlorine content, indicating to 
what extent chlorine compounds can be removed in a cleaning process employing 
water. 

In addition to the chlorine compounds present in coal seams, chlorides may be 
introduced into coals during wet cleaning if the water contains substantial amounts 
of chlorides. They may also be introduced by treating marketable coal with cal- 
cium chloride solution to dustproof and to mitigate the problem of freezing in 
shipment. 

Scope and Summary of the Method.— This method of test covers procedures for 
the titrimetric determination of total chlorine extracted from the combustion 
residue of the coal sample. The combustible matter in coal is removed and the 
chlorine is retained as soluble alkali chlorides, by combustion of the test sample 
in the presence of Eschka mixture, either in calorimetric bomb, or by incineration 
in a muffle furnace at 775° ± 25 a C. 

DETERMINATION OF CHLORINE IN COAL BY THE BOMB- 
COMBUSTION METHOD 58 * 0001 

All the chlorine in the coal sample is released by combustion in a calorimetric 
bomb, containing oxygen under pressure. The chlorine thus released is absorbed 
in an ammonium carbonate solution, and the amount of chlorides present in the 
bomb washings is determined by titration with thiocyanate in a nitric acid solu- 
tion containing silver and trivalent iron (Charpenter-Volhard method). 

Significance of Test for Chlorine.— Because the amount of chforinc compounds iw 
American coal is, in general, considerably smaller than in European coals, the 
determination of chlorine has not been considered of interest to consumers id 
the United States, and therefore was neglected by early investigators. However* 
at the present lime, because of the efTcct of chlorine in coal use, the significance of 
knowing the chlorine content is widely recognized as being essential for the 
proper utilization of coal. 

In industrial use of coal at high temperatures, the chlorine compounds are 
volatilized, causing considerable damage to appliances with which these products 

58 Daybell, G. N., and I’ringlc, W. I. S., The Mode of Occuirence of Chlorine in Coal, 
Hid, 37, 283-292. 1958. 

% Sa ISO/TC 27 (Sccietaiial-3G1) 530E, Determination of Chlorine in Coal by the Bomb' 
Combustion Method, Draft ISO Recommendation N 210 (Revised March, 1961); ISO/TC 27 
(Sccietariat-383) 352. June, 1961. 

00 1-or further information concerning the experimental uork see: P. O. Kiumin, Inter- 
laboratory Study of Methods for the Determination of Total Sulfur, Forms of Sulfur, aim 
Chlorine in Coal, pap. to Ann. Meet. ASTM D-5, June, 1959, 55 pp.: and The Third Imer- 
la bora tory Study of Methods for the Dcteumnation of Total Sulfur, Forms of Sulfur, and 
Chlorine in Coal. pap. to Ann. Meet. AST.M D-5, Section XXI-B, June 28, I960, pp* 

cl Moszynski, /.. K., Chlorine by the Bomb Method, J. AppJ. Chcm., 5, 168-70, 1955. 
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come in contact. They also contribute to tire formation of deposits on boiler tubes 
in^team-raising plants. For example, A. W. Williams •> reports drat in a survey 
o£ 9 8 power stations using stoker-fired coals with more than 0.15% chloune con 
tent, all gave the main cause of boiler trouble as bonded deposits on the tubes, 

necessitating lengdry removal opeiations. , 

At the temperatures prevailing at manufactured-gas plants and coal-carboniza- 
tion plants, chlorides penetrate brick work and undergo fusion to form a compound 
of sodium, aluminum, and silicon which causes the brick to crack and fall away. 
The hydrochloric acid and ammonium chlorides, present in the gases evolved, cause 
severe corrosion of the by-product plant. H. F. Yancey and M. R. Geer 63 have 
called attention to the pertinent publications, and have outlined the effect of chlo- 
rine in coal as follows: “When coals containing more than about 0.05% sodium 
chloride are coked, the refractory lining of the ovens, unless made of silica, suffers 
from corrosion, often so severely that the lining must be replaced after a few 
months of use. Silica bricks are more resistant than fire-clay bricks to such attack.” 

Apparatus. Combustion Bomb.— A calorimetric bomb of 300-ml. (±50-ml.) 
capacity, made of material unaffected by the combustion process or products, 
shall be provided with the usual fittings for ignition as in the determination of 
calorific value. Materials used in the bomb assembly, such as the head gasket and 
lead-wire insulation, shall be resistant to heat and chemical action, and shall not 
undergo any reaction which will affect the chlorine content of the liquid in the 
bomb. 

Crucible.— Sample crucible, nickel-chromium or silica, approximately 25-mm. 
diameter and 20-mm. height. 

Firing Wire.— Fuse wire, Fe-Ni-Cr alloy, approximately No. 34 gauge as used for 
oxygen bombs, or platinum wire. 

Ignition Circuit.— Ignition circuit capable of supplying sufficient current to 
ignite the sample, the nylon thread, or the dry cotton wicking without melting the 
platinum wire. 

Metal Vessel.- A cylindrical metal vessel to enable the bomb to be fully im- 
mersed when approximately 2 liters of water are added. 

Nylon sewing or cotton wicking, white for optional use with platinum wire. 

Purity of Reagents .- Reagent grade chemicals shall be used in all tests. Unless 
otherwise indicated, it is intended that all reagents shall conform to the specifi- 
cations of the Committee on Analytical Reagents of the American Chemical So- 
ciety, where such specifications are available. 6 * Other grades may be used, pro- 
vided it is first ascertained that die reagent is of sufficiently high purity to permit 
the use without lessening the accuracy of the determination. 

Unless otherwise indicated, references to water shall be understood to mean 

reagent water conforming to the Specifications for Reagent Water fASTM Desip- 
nation: D1193). 65 1 nesig- 

B °° k DiviSi °"- C—Ma* Publica- 

w ? sh - 

Chemical Society, see Reagent Chemink i u t 1 , bstecl b > die American 

°* s& D van “ 



1206 COAL AND COKE 

Reagents. Ammonium Carbonate Solution.— Dissolve approximately 10 g. of 
ammonium carbonate, (NH 4 ) 2 C0 3 • H 2 0 in 100 ml. water; freshly prepared solu- 
tion shall be used. 

Ferric Ammonium Sulfate Indicator Solution.— Add sufficient nitric acid to a 
cold saturated solution of ferric ammonium sulfate FeNH 4 (S0 4 ) 2 - 12H 2 0 to remove 
the brown color. 

Esclika Mixture.— Thoroughly mix two parts by weight of light calcined magne- 
sium oxide (MgO) and one part of anhydrous sodium carbonate (Na 2 C0 3 ). Both 
materials should be as pure as possible and have a very low chlorine content. 

Nitric Acid (1:1).— Mix equal volumes of concentrated nitric acid (HN0 3 , sp. gr. 
1.42, and free from the lower oxides of nitrogen) and water. 

Nitrobenzene (C 6 H-N0 2 ), analytical reagent quality (light color). 

Oxygen.— The oxygen used for combustion shall be free of combustible material 
and halogen compounds available at pressure of 40 atmospheres. 

Potassium Thiocyanate Solution (approximately 0.025 N).— Dissolve about 3 g. 
of potassium thiocyanate (KCNS) in 1000 ml. water, and standardize against silver 
nitrate solution. 

Silver Nitrate Solution 0.025 N— Dissolve 4.2473 g. dry, crushed, crystalline silver 
nitrate (AgNO a , dried at 125°C. for 2 to 3 hours) in a small quantity of water, 
and add water up to 1000 ml. 

Procedure. Extraction of Chlorine. —Before commencing the determination , 
mix the sample thoroughly for at least 1 minute, preferably by mechanical means. 
Weigh accurately about 1 g. air-dried coal, ground to pass a 60-mesh sieve, and mix 
intimately with 1 g. Eschka mixture in a porcelain basin, and then transfer to the 
sample crucible. 

Cut a piece of firing wire, (Fe-Ni-Cr alloy, or platinum) of about 100 mm. 
length, coil the middle section (about 20-mm.), and attach the free ends to the 
terminals. If thread is used, arrange the coil so that it will be above and to one 
side of the sample crucible. Attach to the coil a nylon thread, or wisp of cotton, 
of such length that one end will extend into the sample crucible, and thereby 
provide a means for igniting die sample. Place about 5 ml. ammonium carbonate 
solution in the bomb and, by means of a rubber policeman, wet die interior surface 
of the bomb, including the head, as thoroughly as possible. Place die sample 
crucible in position and arrange the thread so that the end dips into the sample. 
Assemble the bomb and tighten the cover securely. 

Admit oxygen slowly (to avoid blowing coal from die crucible) until a pressure 
of 25 atmospheres is readied. Immerse the bomb in a cold water bath, connect the 
open electrical circuit, and close the circuit to ignite the sample. The bomb shall 
stand in the water bath for not less than 10 min. after firing. 

Remove the bomb from the water badi, release the pressure at a slow, uniform 
rate so that die pressure is reduced to atmospheric in not less than I min., open the 
bomb, and examine the inside for traces of unburned material or sooty deposits. 
If any are found, discard the determination, and thoroughly wash all parts of the 
bomb interior before using it again. 

Collection of Chlorine Solution .— Rinse the sample crucible, the interior of the 
bomb, and die inner surfaces of the bomb cover with a fine jet of hot distilled 
water, and collect die washings in a 400-ml. beaker. Take special care not to lose 
any wash water. 

Determination of Chlorine.— Acidify the bomb washings with 5 to 10 nil. nitric 
acid. The clear solution usually obtained can be used direcdy for titration. If die 
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ash or ferric oxide content is high enough to mash the end point of the titration, 
a filtering is required. Add 20 ml. of 0.025 N silver nitrate solution, which should 
be in excess, and allow it to stand for 15 min., then cool to room temperatuie. 
Uld 5-10 ml. nitrobenzene, shake for 1 min., add 8 to 10 drops of the ammonium 
ferric-sulfate solution, and titrate the excess of silver nitrate with potassium thio- 
cyanate solution. The end point is reached when the solution becomes faintly 

orange-pink in color. 


EXTRACTION OF CHLORINE BY INCINERATION 
WITH ESCHKA MIXTURE 

The combustible matter is removed and the chlorine is retained as soluble alkali 
chlorides in the ignition residue by the incineration of coal sample to 775°C., in 
the presence of Eschka mixture and in an oxidizing atmosphere. The determina- 
tion of the total chlorine is carried out titrimetrically. 

Apparatus. Crucibles.— Porcelain or silica crucibles of 25-ml. capacity, or 50-mi. 
if necessary. 

Muffle Furnace.— An electrically heated muffle furnace capable of maintaining a 
substantially uniform hot zone at 775°C. ± 25°C. with an air change about five 


times per minute. 

Silica Plate (optional).— A silica plate of 6-nun. thickness to fit inside the muffle. 

Reagents .— The reagents are the same as those listed for the Bomb-Combustion 
method, with the exception of the ammonium carbonate solution and oxygen. 

Procedure.— Before commencing the determination, mix the sample thoroughly 
for at least 1 min., preferably by mechanical means. 

Weigh accurately about 1 g. air-dried coal, ground to pass a 60-mesh sieve, and 
transfer to a porcelain capsule containing 3 g. Eschka mixture; mix thoroughly, 
employing a small metal spatula, and cover with 2 g. Eschka mixture. Place the 
capsules into a cold muffle or on the silica plate, and introduce the whole thing 
(plate and capsules) into a cqld muffle, and gradually raise the temperature to 
775°C. ± 25°C. within about one hour. Maintain this maximum temperature for 
about 1.5 hours, and change the air about five times per minute during the entire 
period of incineration, and then withdraw the capsules and allow them to cool. 

Blank.— A porcelain capsule containing 5 g. of Eschka mixture (with no sample) 
for blank determination shall be included in every' batch. Make the blank deter- 


mination following the same procedure and using the same amounts of all reagents. 
This assesses both the chlorine in the reagents and any contamination from the 
laboratory atmosphere; the latter should be quantitatively insignificant. 

Subsequent Treatment.-Transfer the incinerated mixture, quantitatively, to a 
•KlO-ml. beaker, and first add a small quantity of hot water and then cautiously add 
-10 ml. nitric acid. (1.1). Cover the beaker tvith a watch glass, swirling and stirring 
the contents occasionally to expediate the dissolving ° 

Hltcr the solution into a conical flask through a rapid-filtering, hardened and 
acid-washed filter paper; this procedure is usually unnecessary when 1-g samples 
of low-ash coal are used. Then wash the paper with a small quantity of hot water 
(sav four lots of 5-10 ml. each). Now determine the chlorine in the filtrate bv 
employing the same procedure as outlined for the washings of the Bomb-Combus 
non method (see Determination of Chlorine, p. WOP) 


Non.. The chlorine may also be determined potentiometrically. 
Calculation.— Calculate the chlorine content of the sample as follows: 
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, 3.5457 (A - B)N 

Chlorine, % by weight = » 

where A = millililers KCNS solution used to titrate the remaining silver in the blank 
determination, 

B — milliliters KCNS solution used to titrate the remaining silver in the sample 
determination, 

N = the normality of KCNS solution, and 
C = grams of sample used. 

Tolerances.— The results of duplicate determinations carried out at different 
times on the same sample in the same laboratory by the same operator using die 
same apparatus should not differ by more titan 0.02% chlorine. 

The means of the results of duplicate determinations carried out in different 
laboratories on representative samples taken from the same bulk sample after the 
last stage of reduction should not differ by more than 0.02% chlorine. 


METHODS FOR THE DETERMINATION OF EQUILIBRIUM 
MOISTURE OF COAL AT 96 TO 97% RELATIVE 
HUMIDITY AND 30°C. 60 

Occurrence of Moisture in Coal .— Moisture is present in any coal, in the pure 
coal substance and in die mineral matter associated with coal. The moisture con- 
tent of a coal sample may change in either direction depending upon conditions to 
which the coal is subjected; it tends toward equilibrium with the water vapor pres- 
sure of the surrounding atmosphere to which coal is exposed. However, the vapor 
pressure of the moisture in coal does not reach the normal tension of water vapor 
until the amount present exceeds a certain percentage. 

Scope .— This method of test covers the determination of equilibrium moisture of 
coal equal to the percentage of water determined at 105 o -H0°C., retained at 
equilibrium by the test sample alter conditioning it either from a completely wetted 
or a certain undersaturated stage at 30°C. in an atmosphere over a saturated solu- 
tion of potassium sulfate. In order to accelerate the moisture exchange of atmos 
phere over the coal and the pulp of potassium sulfate, two different types of con- 
ditioning vessels are recommended: 

(a) Vacuum type conditioning vessel, for equilibration of coal at absolute pres- 
sure equivalent to about 30 mm. of mercury, and 

(b) Airtight conditioning vessel for use at atmospheric pressure, provided with a 
fan for maintaining air circulation. 

In general, the results obtained by the two procedures do check reasonably well 
within acceptable limits. 

co I'or further information concerning the experimental woih on which these methods 
are based see: Krumin, I\ O.: The Meigs Creek No. 9 Coal Bed in Ohio, Pait III— Further 
Study of the Chemical and Physical Properties, and Washability Characteristics, with a 
Brief Review of New Methods Employed, Bulletin No. 165, Ohio State Univeisity, Engi- 
neering Experiment Station, pp. 33-38, July, 1957: Two Methods for the Equilibration 
of Coal over Saturated Solution of Potassium Sulfate at 30°C. (96 to 97 Per Cent Rc'aUve 
Humidity), (Paper presented to Meet. Amer. Group 1SO/TC 27, Sub. XXVII of the A51 M 
D-5, May 29, 1961); R. I., Ohio State University Eng. Expt. Station, 41 pp. 1961; and 1 lie 
Determination of Forms of Moisture in Coal, Bulletin No. 195, Ohio State University, 
Engineering Experiment Station (1963). 
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Both methods may be used for the determination of the surface or extraneous 
moisture of wet coal, such moisture being the difference between total moisture as 
determined by standard methods « and the equilibrium moisture. 

Significance.— Early investigators viewed the test for equilibrium moisture as a 
means of determining a parameter for the classification of coal by rank only. As 
coal technology has advanced, the knowledge of determining the surface moisture, 
and that form of moisture in coal which is capillary held and does not exhibit nor- 
mal vapor pressure frequently referred to as “inherent moisture,” “true bed mois- 
ture,” “moisture-holding capacity,” “capacity moisture” or “equilibrium moisture’ 
at approximately 100%, relative humidity has been generally recognized to be of 
practical as well as fundamental value. 

For example, behavior of coal under various conditions in its preparation, trans- 
portation by conventional means or by pipelines, dewatering, drying, its alteration 
during storage, and various phases of industrial utilization are affected by surface 
and inherent moisture content. 


Note. — Since there are insuperable experimental difficulties in working with atmosphere 
at approximately 100% relative humidity, the moisture content retained by a completely 
wetted coal at equilibrium in an atmosphere over a saturated solution of potassium sulfate 
at 80°C. (96 to 97% relative humidity) is considered equivalent to the inherent or bed 
moisture for Classification of Coals by Rank (ASTM Designation D388, p. 1256). It is 
necessary to keep in mind that the equilibrium moisture of coal is an arbitrary quantity 
which is alfected by the size-consist of the test sample, the temperature and relative hu- 
midity of ambient air, and whether the equilibrium is reached from the completely wetted 
stage or from a certain under-saturated stage. In order to avoid the irreversible effect 
of hysteresis (especially with low rank coals) the general preference is to use, for equilibra- 
tion, completely wetted coal samples, if the results are to be used for classification of 
coal by rank. 


Apparatus for Equilibration of Coal at Reduced Pressure. 68 Conditioning Ves- 
sel.— A reduced pressure vessel provided with a mercury vacuum manometer and a 
glass or incorrodible metal stand to carry dishes loaded with coal above the level 
of the potassium sulfate pulp employed for maintaining relative humidity of 96 to 
97% at 30°C. The stand shall be made in an arrangement which protects the 
dishes from spray due to frothing. 

The volume of free space in the conditioning vessel is not critical but should be 
kept to a minimum by choice of a suitable design of vessel or by increasing the 
volume of pulp material. 

The vessel shall be weighted to overcome its buoyancy when immersed in water. 

Weighing Bottles, glass, low form, flat bottom, approximately 50 mm. in diameter, 
widr i titer-joint cap type standard taper 55/12 stoppers, or 

Petri-Dishes, or incorrodible metal dishes without covers, approximately 15 mm. 
deep and 50 to 70 mm. m diameter, for holding the test samples during equilibra- 


Mechanical Vacuum Pump. 

Water Bath or Insulated Air Cabinet.-The bath or cabinet should be of suffi- 
cient size to accommodate several vacuum-type conditioning vessels, and should be 

u.reofto^- O^C 61 "' 0 " 6 regUlat ° r t0 maintain automatically a uniform tempera- 


oi ASTM Designation: D271-58, p. 1150. 

of 'coal™ M?97 l iS : Moisture 

(Reused U.K. Method, ISO/TC 27, Document 377), August 195^ Documen t No. 461 
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3.5457(4 - B)N 
Chlorine, % by weight = — ’ 

where A - milliliters KCNS solution used to titrate the remaining silver in the blank 
determination, 

B = milliliters KCNS solution used to titrate the remaining silver in the sample 
determination, 

N = the normality of KCNS solution, and 

C 5 = grams of sample used. 

Tolerances.— The results of duplicate determinations carried out at different 
times on the same sample in the same laboratory by the same operator using the 
same apparatus should not differ by more than 0.02% chlorine. 

The means of the results of duplicate determinations carried out in different 
laboratories on representative samples taken from the same bulk sample after the 
last stage of reduction should not differ by more than 0.02% chlorine. 

METHODS FOR THE DETERMINATION OF EQUILIBRIUM 
MOISTURE OF COAL AT 96 TO 97% RELATIVE 
HUMIDITY AND 30°C. 08 

Occurrence of Moisture in Coal .— Moisture is present in any coal, in the pun 
coal substance and in the mineral matter associated with coal. The moisture con 
tent of a coal sample may change in either direction depending upon conditions to 
which the coal is subjected; it tends toward equilibrium with the water vapor pro 
sure of the surrounding atmosphere to which coal is exposed. However, the vapoi 
pressure of the moisture in coal does not reach the normal tension of water vapoi 
until the amount present exceeds a certain percentage. 

Scope.-This method of test covers the determination of equilibrium moistuie ol 
coal equal to the percentage of water determined at 105"-110°C., retained at 
equilibrium by the test sample after conditioning it either from a completely wetted 
or a certain undersaturated stage at 30°C. in an atmosphere over a saturated sola 
tion of potassium sulfate. In order to accelerate the moisture exchange of ainios 
phere over the coal and the pulp of potassium sulfate, two different types of con- 
ditioning vessels are recommended: 

(a) Vacuum type conditioning vessel, for equilibration of coal at absolute pits- 
surc equivalent to about 30 mm. of mercury, and 

(b) Airtight conditioning vessel for use at atmospheric pressure, provided with a 
fan for maintaining air circulation. 

In general, the results obtained by the two procedures do check reasonably well 
within acceptable limits. 




Fig. 31-16. Apparatus lor the Equilibration of Coal at Reduced Pressure. 
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(14) Lead ring with which the conditioning vessel is weighted to overcome buoy- 
ancy when immersed in water. 

(15) Pulp of potassium sulfate crystals and water. 

(16) Inconodible metal stand to support the sample dishes above the level of 
the potassium sulfate pulp, consisting of three plates; for better circulation of air 
and vapor the plates are spaced and each provided with three circular rows of holes; 
the plates are rigidly assembled in an arrangement which protects the dishes from 
spray due to frothing; for the same reason a rubber ring is placed around the stand. 

(17) Glass or inconodible metal dishes used to hold the coal samples during 
equilibration. 

(18) Gas washing bottle charged with sulfuric acid (sp. gr. 1.84). 

(19) Drying jar packed with anhydrous magnesium perchlorate, of approximately 
No. 8 (4380-micron) to No. 45 (350-micron) mesh size. 

(20) Spiral of copper tubing. 

Notc— T he thermometer (7) is provided with a metal band fastened to it at the contiol 
temperature of 30°C. and connected with the relay by means of a wire. Since the bore of 
the thermometer is a very One capillary tube a small change in bath tempcratuie causes 
a relatively large rise or fall of meicury. The continual rising and falling of the mercury 
causes the capacity of the metal band and mercury column to change, causing the relay 
to turn the heating element on and off. 

Special Reagent. Potassium Sulfate (ILSOj), crystals. Mix potassium sulfate 
crystals with water and charge into reduced pressure vessel. When the vessel is 
charged for the first time it should be re-evacuated several times until frothing 
ceases. To minimize frothing, the vessel should normally be kept evacuated. 

Sample .— For the purpose of classification of a deposit or seam, the coal should 
be in fresh unchanged state. Therefore, samples shall not be taken from out- 
crop, weathered, or oxidized coal. Mine samples and Tipple or Shipment Samples 
shall be collected and prepared in accordance with the Methods of Sampling Coals 
(ASTM Designation: D492-48, p. 1137). If only the equilibrium moisture is de- 
sired, the commercial sampling procedure shall be used. If the surface moisture of 
wet coal is to be determined, the procedure for a special moisture sample shall be 
used. 

Preparation of Laboratory Samples .— The samples shall be rapidly stage crushed 
to pass a No. 16 (1190-micron) sieve by means of a coffee-mill type crusher. The 
stage crushing produces a minimum amount of fine material; however, it increases, 
segregation so the crushed sample shall be thoroughly mixed. Coals which are too 
wet to crush shall be spread in a thin layer and exposed to the air of die laboratory 
to be partly dried. Care shall be taken that low-rank coals are not overdried. 

If the crushed sample cannot be examined immediately, it should be protected 
against oxidation and excessive drying. Storage of samples under water may be 
employed (see Notes). 

Procedure .— Place 20 to 25 g. of the crushed and thoroughly mixed coal into a 
250-ml. Erlenmeycr flask and add 100 ml. of recently boiled, cooled distilled water. 
Shake the flask mechanically for 30 minutes, and then place it in the constant- 
temperature bath (maintained at 30°C.) for 3 hours (see Notes). At the end of 
the wetting period remove the excess water from the coal by filtering on a 
Buechner-type funnel, approximately 65 mm. in diameter, using suction supplied 
by a water filter pump. Wash the filtered coal with two separate portions of 
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95 ml of distilled water. In order to remove most of the adherent moisture and 
to prevent drying of the sample, close the funnel with a rubber stopper fitted with 
a glass tube, and pass air saturated with water vapor through the coal layer for 

ten minutes. . . , 

This treatment fully saturates the coal with water and removes interfering hygro- 
scopic salts. 

Notes —Mine samples and certain coals which deteriorate when treated with water may 
be equilibrated directly without wetting, provided the samples are collected and prepared 
with a minimum loss of moisture. Unwetted coals should be equilibrated lor varying 
periods of time, in units of 24 hr., in order that equilibrium may be attained. 

Employing coal samples stored under water, the wetting of samples in Erlenmeyer flasks, 
shaking, and placing them in constant temperature bath for 3 hours is superfluous and 
should be omitted. 


Equilibration.-After draining the coal, mix thoroughly the wet coal with a 
spatula to correct segregation and spread approximately 2 to 5 g. of the coal in a 
uniform layer in a weighing bottle of known weight and with such a bottom area 
that the weight of dry coal per 10 sq. cm. does not exceed 1 g. 

If the determination of moisture content of the analysis sample is required, 
quickly close the weighing bottle, and weigh to the nearest 0.2 mg. Then uncover 
die weighing bottle and place on the stand over the pulp of K 2 S0 4 in the condi- 
tioning vessel. 

If only the equilibrium moisture of the sample is required, Petri-type dishes of 
unknown weight may be used to hold the test samples during equilibration. 

Replace the cover of loaded conditioning vessel, make it gas-tight by careful grind- 
ing, greasing, and tightening of all connections. Then evacuate the vessel to an 
absolute pressure equivalent to about 15 to 20 mm. of mercury by means of me- 
chanical vacuum pump, and immerse it in a constant temperature water bath (or 
place in an insulated air cabinet) maintained at 30° ± 0.1 °C. 

The pressure should rise quickly to about 30 mm. which is the water vapor pres- 
sure of the saturated solution of potassium sulfate at 30°C. 

If the pressure rises above 30 mm. re-evacuate the vessel without otherwise dis- 
turbing it. 

Leave the samples undisturbed in the evacuated vessel at 30° ± 0.1 °C. and 30-mm. 
pressure for a period of 48 hours for all coals higher in rank than lignite; lignite 
will require 72 hours to reach equilibrium. 

At the end of equilibration period, with the vessels still in the bath, restore 
the pressuie in the vessel to atmospheric by slowly admitting dry air at 30°C. 
through a train consisting of: 

(1) A convenient vessel (bubbler) charged with H„S0 4 (sp. gr. 1.84) and suitable 
lor use as a flowmeter for estimating the rate of flow of air through the sulfuric 
acid, (18, Fig. 31-16), ° 


(2) A drying jar charged with dry magnesium perchlorate, (19, Fig. 31-16), and 

(3) A coiled copper tube placed in the constant temperature bath and connected 
to the inlet of the conditioning vessel, (20, Fig. 31-16). 

In order to avoid changes in the moisture content there must be no disturbance 
of the local atmosphere immediately adjacent to the conditioned coal. It may be 
achieved by regulating the air inlet so that the time taken to restore atmospheric 

^roL“ ,t ;rL v . e eT 1 is approsimately one minute » 
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Note.— The air flow may be regulated by careful opening of the stopcock (13b, Fig. 31-16) 
in the cover of the conditioning vessel accoiding to bubble count passing the H 2 SOi vessel 
(18, Fig. 31-16), or by including in the train a capillary tube with one end drawn out to 
a tip having a suitable bore for regulating the rate of air flow. 

Subsequent Treatment.— Remove the conditioning vessel from the bath and 
open immediately. If a dish similar to Petri-dish is used to hold the test sam- 
ple during equilibration, pour the equilibrated coal as fast as possible into a 
previously dried weighing bottle of known weight, quickly close it and weigh 
the covered bottle and its contents to determine the weight of equilibrated coal 
taken. 

If a weighing bottle of known weight was used to hold the coal during equilibra- 
tion, quickly cover the weighing bottle with its lid, wipe off with a chamois or 
chemically clean, lint-free cloth, allow to stand for 30 minutes in the desiccator 
cabinet, and weigh to the nearest 0.2 mg. 

Uncover the weighing bottle with the conditioned coal, place it in the drying 
oven preheated to I05°C. and dry (lower rank coals in an atmosphere of nitrogen) 
at a temperature of 105° to 1I0°C. until constant weight (1.5 to 3 hours is 
normally sufficient). Then remove the weighing bottle from the oven, cover 
quickly, cool 30 minutes in a desiccator over H 1J S0 4 (sp. gr. 1.84) or calcium 
chloride and weigh. 

Apparatus for Equilibration of Coal at Atmospheric Pressure. A double-walled 
airtight conditioning vessel provided with accessories capable of maintaining con- 
stant temperature of 30°±0.1°C. inside the vessel and a proper air circulation 
over the relatively large surface of wet potassium sulfate charged on the bottom of 
the vessel, and the surface of coal charged in conical flasks placed on a stand above 
the level of the pulp of potassium sulfate crystals and water. 

A circulating system, thermostatically controlled, designed for circulating water 
of controlled temperature through the walls and, if required, other parts of con- 
ditioning vessel, capable of maintaining a constant temperature of 30° ± 0.I # C. in- 
side die conditioning vessel. 

Conical flasks, or weighing hottles, 50 to 7Q mm. in. diameter, with iuter-joint, 
cap-type stoppers, to hold the coal samples during equilibration. 

The apparatus shown in Fig. 31-17, made by P. O. Krumin and K. Svanks at The 
Ohio State University Engineering Experiment Station essentially according to 
1SO/TC 27 (Germany-13) Document No. 409, May, 1958, has been found satisfac- 
tory for equilibration of coal at atmospheric pressure. 

Note.— Various items of equipment, such as weighing bottles, drjiug oven, crusher, sieve 
and shaking machine may be used as specified under Apparatus (p. 1209). 

The apparatus (Fig. 31-17) for the equilibration of coal in airtight vessels at 
atmospheric pressure, consists of: 

(1) A constant temperature circulating system, designed for circulating a liquid 
of controlled temperature through various parts of a conditioning vessel, and capa- 
ble of maintaining a constant temperature of 30° ± 0.1 °C. inside conditioning 
vessel. 

(2) Adapter for distribution of constant temperature water for circulation 
through various parts of conditioning vessel. 

(3) Adapter for collecting the circulating water from four outlet tubings of con- 
ditioning vessel. 
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(4) Mercurial thermometer ranging from 18.3° to S5°C. (65° to 95°F.), graduated 

(5) Double-walled conditioning vessel made of copper sheet, provided with inlet 
and outlet tubings connected to circulating system, and a rubber gasket. 

(6) Two-piece, double-walled lid, each piece provided with inlet and outlet 
tubings connected with adapters of the circulating system and clamps. 

(7) Fan housing widi shaft bearing, surrounded by a copper coil connected to 
adapters of circulating system, and six air intake tubes. 

(8) Electric motor, designed for continuous duty with adjustment of speed, 
mounted in a manner that eliminates vibration. 

(9) Suitable isolation sheet covering entire surface of conditioning vessel. 

Note.— A 6- to 7-mm. thick cork isolation sheet has been found satisfactory. 


(10) Mercurial thermometer ranging from 18.3° to 35°C. (65° to 95°F.), gradu- 
ated in units of 0.05 °F. 

(11) Pulp of potassium sulfate crystals and water. 

(12) Incorrodible metal disc (soldered to lower end of fan housing unit) to sup- 
port die sample dishes above level of pulp. 

(13) Glass tubings with flexible rubber connections to air intake tubings of fan 
housing chamber (7). 

(14) Conical flasks used to hold samples during equilibration, or weighing bot- 
tles (not shown in the diagram). 

(15) Fan (mounted on metal rod provided with roller bearing and connected 
with motor shaft) to accelerate moisture exchange by circulating air from sample 
dishes, over wet potassium sulfate and back. 

(16) Inlet and outlet tubings for purging the vessel with nitrogen (not shown 
in the diagram). 

Special Reagent. Potassium Sulfate (K u S0 4 ) Crystals.— Mix potassium sulfate 
crystals with water and charge into atmospheric pressure vessel. 

Procedure .— Place 2 to 5 g. of dioroughly mixed coal (previously treated accord- 
ing to the procedure described on p. 1212) into a conical flask (14, Fig. 31-17) and 
spread evenly over the bottom of the flask. Place the flask on the stand (12, Fig. 
31-17) of the conditioning vessel which is kept at a temperature of 30° ± 0.1 °C. 
Put die air suction tube (13) in the conical flask, close the vessel, make it airtight 
by applying rubber gasket and clamps, and switch on the fan for maintaining air 
circulation. 

The time of conditioning depends on rank of the coal and the quantity 
of moisture to be exchanged. Several determinations should be made using 
varying conditioning periods from 4 to 24 hours or more in units of 4 hours 
The results will indicate whether equilibrium has been attained in the shorter 
period. 


Acc °rding to ISO Document No. 622, submitted by the German delegation the 
co « ld be reached in a period of 2-4 hours, if the excess moisture of the tes? 
sample, aftei filtering on a Buechner-type funnel, is further reduced by pressing the 
sample between layers of absorbent paper. ' ” essi ng tne 


At the end of conditioning period lift the lid of the vessel, remove the air suction 
tube, and pour the conditioned coal as fast as possible from the conical flask into 



© 
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a weighing bottle which has been previously heated with its lid at 105° 110 C., 
cooled in a desiccator and weighed with its lid. Quickly close the weighing bottle, 
and weigh the covered bottle with its contents to determine the weight ot equili- 
brated coal sample taken. Uncover the weighing bottle with the conditioned coal, 
place in a preheated drying oven (at 105°-110°C.) and follow the same procedure 
for the determination of moisture as described in the second paragraph under 


Subsequent Treatment, p. 1214. 

Simultaneous Determination of Forms of Moisture.— Simultaneous determination 
of total, surface, and equilibrium moisture may be conveniently made employing 
equilibration procedure either at reduced or at atmospheric pressure. Foi this pui- 
pose, the test sample must be placed into a weighing bottle of known weight 
(Petri dish or conical flask without lid cannot be used) and weighed before equili- 
bration, in order to establish the weight of the sample taken. Weighing of the 
test sample with weighing bottle plus lid before equilibration is the only addi- 
tional step required for simultaneous determination of the three forms of moisture 
under consideration. All odrer steps of the procedure shall be carried out as de- 
scribed before for the determination of equilibrium moisture. 


Non:.— For additional information regarding the experimental work on which simul- 
taneous determination of forms of moisture is based, see P. O. Krumin, Forms of Moisture 
in Coal, Bulletin No. 195, Ohio State University Engineering Experiment Station, 1963. 


Fic. 31-17. Diagram of Apparatus for the Equilibration of Coal at Atmospheric Pressure. 

See facing page. 


(1) A constant temperature circulating sys- 
tem, designed for circulating a liquid 
of controlled temperature through var- 
ious parts of the conditioning vessel; 
the circulating system shall be capable 
of maintaining a constant temperature 
of 30° ±0.1°C. inside the conditioning 
vessel. 

(2) Adapter for distribution of constant 
temperature water for circulation 
through various parts of conditioning 
vessel. 

(3) Adapter for collecting the circulating 
water from four outlet tubings of the 
conditioning vessel. 

(i) Thermometer, mercurial, covering a 
range from 18.3 to 35°C. (65 to 95°F.), 
graduated in units of 0.05°F. 

(5) A double-walled conditioning vessel 
made of copper sheet, provided with 
inlet and outlet tubings connected with 
the circulating system. 

(6) A two-piece double-walled lid, each 
piece provided with inlet and outlet 
tubings connected with adapters of the 
circulating system. 

(7) A fan housing with shaft bearing sur- 
rounded by a copper coil connected 


with adapters of the circulating system, 
and six air intake tubes. 

(8) A motor stirrer, electric, designed for 
continuous duty with adjustment of 
stirring speed. 

(9) A suitable isolation sheet covering the 
entire surface of the conditioning ves- 
sel. 

(10) Thermometer, mercurial, covering a 
range from 18.3 to 35°C. (65 to 95°F.), 
graduated in units of 0.05°F. 

(11) Pulp of potassium sulfate crystals and 
water. 

(12) Incorrodible metal disc (soldered to the 
lower end ol the fan housing unit) to 
support the sample flasks above the 
level of the pulp. 

(13) Glass tubings with flexible rubber con- 
nections to the air intake tubings of 
the fan housing chamber (7). 

(14) Conical flasks used to hold the coal 
samples during equilibration. 

(15) A fan (mounted on metal rod con- 
nected with motor shaft) used to accel- 
erate the moisture exchange by circu- 
lating ail’ fcrom the conical sample 
flasks over the wet potassium sulfate 
and back, into the sample flasks. 
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Calt ulation.— Calculate the percentage of moisture in the coal sample as follows: 
Total moisture =* —7 — X 100, 

II 5 — ll 1 

Surface moisture » 7-7 77 X 100, 

II j — II 1 

Equilibrium moisture « 7— 77 X 100, 

1* j — if 1 

where fl'i =* weight of empty weighing bottle plus cover (g.)» 

11*2 “ weight of ucighimt bottle plus cover plus coal sample before equilibration 

igX 

II 3 <= weight of weighing bottle plus cover plus coal after equilibration (g.), and 
ir« «= weight of weighing bottle plus cover plus coal sample after drying (g.) 

Report.— Repot 1 the equilibrium moisture to the nearest 0.1% as the percentage 
loss in weight of the equilibiatctl coal. 

I’l elision.- I lie permissible ditieiemcs between two or mote determinations car* 
tied out in dilleient hatches shall not exceed the following values; 



Hr ptatab iht) 

( The same 
operator, the 

Reproducibility 

Equilibrium 

lame appara- 

(DiJfererJ 

Moisture, % 

tus), % 

Laboratories), % 

under 5 

0.3 

0.5 

5 10 15 

0.5 

1.0 

over 15 

1.0 

1.5 


SAMPLING ANI) ANALYSIS OF COAL FOR VOLATILE 
MATTER DETERMINATION IN COSSECTlOS 
WITH SMOKE ORDINANCES ** 

Tins method is limned to the sampling and aual)sis of coal for volatile matter 
determination reported on the moisture- and ash free basis in connection with 
smoke ordinances regarding permissible volatile matter content of solid fuels. 

Procedure .— 1 he content of volatile matter of a specific lot of coal shall be de- 
termined by analyzing a gross sample of not less than DO lb., consisting of a mini- 
mum of nine increments, each increment weighing not less than 10 !b. Sampling 
and analysis shall be carried out as described in the following paragraphs. 

Collection of Cross Sample.— The procedure for collecting the increments shall 
fulfill all of the requirements of good sampling as specified in Section 2 and Sec- 
tion 6 of the Standard Methods of Sampling Coals Classed According to Ash Con- 
tent (AS'i’M Designation: D 192, p. 1137). 

Reduction of Sample.— The D0-lb. minimum gross sample obtained by the pro- 
cedure prescribed in Paragraph (<i) shall be reduced for analysis by mechanical 
preparation in accordance with Section 7 of Standard Methods D192, page 1. 

^ Under the staiulat dilation proccdmc of the Society, this method is under the juris- 
diction of the A STM Committee l)-5 on Coal and Coke. Siandaidizcd as AST.M DS)i>0-j3- 
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Analysis of Sample.-The laboratory determination for volatile matter content 
shall be made in accordance with Section 16 (a) and (c), Section 1 an ect *°” 
18 (b) of die Standard Methods of Laboratory Sampling and Analysis of Coal and 
Coke (ASTM Designation: D271, p. 1152). 

Moisture and ash determinations for use in calculating volatile matter to a mois- 
ture- and ash-free basis shall be made on the laboratory sample used for the volatile 
matter determination. The moisture determination shall be made in accordance 
w jth Sections 9 to 11 of Standard Methods D271 (p. 1150), and the ash determina- 
tion in accordance with Section 13 and Section 14 of Standard Methods D271. 
Report.— Volatile matter shall be reported as a percentage of the moisture- and 

ash-free coal, and shall be calculated as follows: 

Volatile matter as determined w 1 nn 

Volatile matter in moisture- and ash-free coal = iqq - (moisture + ash) " X 


Reproducibility of Results.— This mediocl is intended for an accuracy such that 
if a large number of samples were taken, as described above, from an equally large 
number of lots of similar coal then, on the average, in 99 out of 100 cases the test 
values for the percentage of moisture- and ash-free volatile content would have an 
accuracy within plus or minus 1.0. 


GRINDABILITY OF COAL BY THE HARDGROVE-MACHINE 

METHOD -« 


Scope .— This method T1 is used to determine tire relative grindability or ease of 
pulverizing of coals in comparison with a coal chosen as 100 grindability. The 
method is based on Rittinger’s Law, which states: “The work done in pulverizing 
is proportional to tire new surface produced.” A prepared sample receives a 
definite amount of grinding energy in a miniature pulverizer, and the new surface 
is determined by sieving. 

Apparatus.— The apparatus shall consist of the following: 

Grindability Machine.— A grindability machine such as is shown in Fig. 31-18 is 
required for this test. The eight 1-in. balls roll on a stationary ring and are driven 
from above by a rotating ring. The action of the rolling balls causes an increase 
in the surface of the sample being tested. A definite pressure of 64 ± Yj lb. on the 
balls is obtained by the weights, shaft, top grinding ring, and gear. A predeter- 
mining counter is used to stop the motor automatically as soon as the vertical 
shaft of the grindability machine has made exactly 60 revolutions. 

Sieves.— The following sieves will be required: 1190-micron (No. 16), 590-micron 
(No. 30). and 71-micron (No. 200). The sieves shall conform to the Specifications 
for Sieves for Testing Purposes (ASTM Designation: Ell, p. 1277). 

Mechanical Sieving Device.— A mechanical sieving device is desirable, although 


•^UndtT the standardization procedure of the Society, this method is under the iuris- 
uicuon of the AS 1 M Committee D-5 on Coal and Coke. Standardized as ASTM D-109-51 
• lor information concerning the experimental work on which this method is based" 

FlUs 1 *! Ys v p 37 : i9 C iv OVC ' GnndabllUy oE CoaI ’ Transaclio "s, Am. Soc. Mechanical 
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not necessary. If a mechanical sieving device is not available, it will be necessary 
to give the sample an equivalent amount of hand sieving. 

Balance.— A triple beam balance having a sensitivity of 0.01 g., with which weigh- 
ings from 0.01 to 111 g. can be made, is well adapted for this test. However, a 
torsion or trip balance with suitable pan, of the specified sensitivity, may be used. 
Greater sensitivity than 0.01 g. is not necessary for this test. 

Laboratory Crusher.— The sizing of the sample to be placed in the grindability 
machine shall be such that it will pass the 1190-micron (No. 16) sieve, and remain 
on the 590-micron (No. 30) sieve. In order to break up the coarser particles of the 
sample being prepared for test, a laboratory crusher or a coffee mill will be found 
desirable. The use of such a device allows the reduction of the coarser particles 
without the production of excess fine material. 

Gross Sample— A representative gross sample of coal should be collected and 
prepared by crushing to pass a 4760-micron (No. 4) sieve in accordance with the 
Methods of Sampling Coals Classed According to Ash Content (ASTM Designation: 
D492, p. 1137). 

Preparation of Sample .- An air drier and a small riffle sampler as described under 
the Methods of Laboratory Sampling and Analysis of Coal and Coke (ASTM Desig- 
nation: D271, pp. 1145-1146), or equivalent, are desirable in preparing the sample. 
Place the laboratory sample, after air drying until the loss in weight is not more 
than 0.1% per hour, on the 1190-micron (No. 16) sieve nested with a 590-micron 
(No. 30) sieve and bottom pan. Shake the sieves by a mechanical sieving machine 
for approximately 2 min., or by an equivalent amount of hand sieving. Put the 
material remaining on the 1190-micron sieve into a laboratory crusher or a coffee 
mill in which the set screw has been adjusted so that the coarsest particles are 
broken up. Return the sample after passing it through the laboratory crusher 
or coffee mill to the 1190-micron sieve of the nest of sieves, and again shake it by 
the mechanical sieving machine or by hand sieving. Repeat this operation several 
times until the entire sample has passed through the 1190-micron sieve. Then 
shake the material remaining on the 590-micron sieve to thoroughly remove any 
material smaller than this size. Discard all material passing the 590-micron sieve. 
By using this method of preparing the sample, a minimum of fines is produced. 

Operation of Grindability Machine.— Set the predetermined counter so that the 
machine will automatically stop after 60 revolutions have been completed. To en- 
sure stoppage of the machine within one-quarter of one revolution, two trippers 
are furnished. One tripper is fixed, and the other may be set to correspond with 
the coasting of the machine after the switch is opened. Therefore, the number of 
counts on the counter will be 120, or just twice the number of revolutions made by 
the machine. Clean the grinding elements thoroughly by brushing them before 
the sample to be tested is added. Place the eight 1-in. diameter balls in the bottom 
of the lower grinding element and distribute 50 g. of the prepared No. 16 to No. 30 
size sample evenly over the balls. Brush any material falling on the elevated sec- 
tion of the lower grinding element towards the balls. Then place the upper grind- 
ing element on the balls and fit the lower end of the shaft to the square opening 
in the disk and fasten the grinding elements securely in place by two thumb screws 
on the sides of the lower grinding element. Care shall be taken to pull the bowl 
up evenly with the thumb screws. The set screw on the collar which supports the 
driving gears shall always be kept tight, otherwise the weights will rest on the 
frame and there will be no pressure on the balls. Set the predetermining counter 
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to zero, and dose the staiting switch. After the machine has been automatically 
stopped, transfer the sample to the 74-micron (No. 200) sieve. 

Sieving.— Shake the 74-micron (No. 200) sieve by a mechanical sieving machine 
for 10 min., or by an equivalent amount of hand sieving. Then remove the sieve 
and clean the underside carefully with a 1-in. bristle brush in order to remove 
any adherent material. Then shake the sample by the mechanical sieving machine 
for 5 min. more or by an equivalent amount of hand sieving, after which the 
brushing of the underside of the sieve shall be repeated. After an additional 5 
min. of sieving, the material is ready for weighing. A total of 20 min. of mechani- 
cal sieving, or an equivalent amount of hand sieving, should result in a compara- 
tively clean sieve. 

Weighing the Sample.— Coals having a high residual moisture content (this is 
especially true of lignites) lose some of their residual moisture when in a pulver- 
ized condition. For this reason, rapid and fairly accurate weighing is essential. 
Discard the material passing through the 74-micron (No. 200) sieve, weigh the ma- 
terial retained on the sieve to within 0.1 g., and record the weight. 

Calculation.— The grindability index shall be calculated as follows: 

Hardgrove grindability index 72 = 13 + 6.93 IK 

where II' = weight of material passing the 74-micron (No. 200) sieve, determined from 
the weight of the original sample (50 g) minus the weight of the material 
retained on the 74-micron (No. 200) sieve. 

Reproducibility of Results.— The permissible variation between two or more 
determinations shall not exceed the following: 

Per Cent 


Same laboratory 2 

Different laboratories 3 


DROP SHATTER TEST FOR COAL 73 

This method of diop shatter test 74 is intended for determining the relative size 
stability and its complement, the friability, of sized coal. It affords a means of indi- 
cating the ability of coal to withstand breakage when subjected to handling at the 
mine and during transit to the consumer. The test is serviceable for ascei tabling 
the similarity of coals in respect to size stability and friability rather than for de- 
termining values within narrow limits in order to emphasize their dissimilarity. 

< 2 The calibiation of the machine may be checked by running reference samples, infor- 
mation about which may be had by request to Society Hcadquaiteis, 191G Race St., Phila- 
delphia 3, I»a. i 't 

• 3 Undei the standaidization procedure of the Society, this method is under the juris- 
diction of the A STM Committee D-5 on Coal and Coke. Stamlaidized as ASTM D440-49. 

74 I' or information concerning the development and utilization of this chop shatter test 
method for coal the following references may be consulted: 

C.M. Smith, An investigation of the Friability of DiHerent Coals, University of Illinois, 
Engineering Experiment Station, Bulletin No. 196, 1929; The Friability of Illinois Coals, 
University of Illinois, Engineering Experiment Station, Bulletin No. 218, 1930. . 

H. F. iancey and R, E. Zane, Comparison of Methods for Determining the Friability o 
Coal, U. S. Bm can of Mines, Report of Investigations 3215, 1933. n 

R. E. Gilmote, J. H. H. Nicolls and G. P. Connell, Coal Friability Tests, Canadian ue- 
parlinent of Mines, Mines Branch, No. 762, 1935. 
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This method is considered applicable tor testing a selected size of different coals 
tor testing different single sizes of the same coal, and for mixed sizes of the s 
or different coals (see Note). 

Note— By single sires is meant those with fixed upper and lower screen opening limits, 
selected ZS designated under Screens (next section), and by mixed sizes is meant 
either “slack” or a mixture of two or more single sizes. 

This test appears best suited for measuring the relative resistance to breakage of 
the larger sizes of coal when handled in thin layers such as from loadei to mine 
car, from loading boom to railroad car, from shovel to chute, etc. While it may 
not be so well adapted for measuring the liability to breakage of coal when handled 
in mass, as in unloading open-bottom cars, emptying bins, etc., it is believed that 
the method of test will serve also to indicate the relative size stability of composite 
sizes of coal where, in commercial handling, the smaller sized pieces have a cushion- 
ing effect which tends to lessen the breakage of the larger pieces of coal. 

Apparatus. Shatter Test Machine.-The shatter test machine, which is the same 
as that described and illustrated in the Method of Drop Shatter Test for Coke 
(ASTM Designation: D141, p. 1268), shall consist of a box 18 in. in width, 28 in. 
in length, and approximately 15 in. in depth, supported above a rigidly mounted 
cast-iron or steel plate not less than % in. in thickness, 38 in. in width, and 48 in. 
in length. The inside of the bottom of the box shall be 6 ft. above the plate. The 
bottom of the box shall consist of two doors hinged lengthwise and latched so that 
they will swing open freely and not impede the fall of the coal. Boards about 8 in. 
in height should be placed around the plate so that no coal is lost. To prevent the 
breakage of coal, which may occur while placing the sample in the box, the box 
shall be constructed so that it can be lowered to a convenient level; this is best done 
by means of a pulley and counterweight. A convenient form of shatter test ma- 
chine is shown in Fig 31-19. 

Screens.— Round-hole screens selected from the following sizes, 8, 6, 4, 3, 2, IY>, 
1> %> V>, Vi, and % in., should be used. These screens should conform to the 
Specifications for Sieves for Testing Purposes (ASTM Designation: Ell, p. 1277). 
Frames for the screens may be of either hardwood or metal, and may be square, 
rectangular, or circular. A nest comprising all the screens in the series, with 2-ft. 
square plates, that is, of 4-sq. ft. area, is recommended, although plates with areas 
of 6 to 9 sq. ft., are suitable. 

Collection of Gross Sample.— The gross sample should be obtained in accordance 
widi instructions given in the Method of Test for Screen Analysis of Coal (ASTM 
Designation: D410, p. 1231). In order that the entire quantity of the coal sam- 
pled will be represented proportionately in tire gross sample, increments should 
be regularly and systematically collected. When testing coal as mined, the sample 
should be taken at the mine before it is subjected to screening and to loading into 
cars at the tipple. When testing coals subsequent to mining, the sample may be 
taken at any stage in the transportation from the mine to the place at which it is 
to be used. For the correct interpretation of the shatter test results, the elapsed 

time since mining as well as a record of the handling and storage of the coal should 
be noted. 

Preparation of Laboratory Sample.- Using the screens designated above make 
a preliminary screening of a representative portion or all of the gross sample and 
retain the screened sizes separately. Screen successive representative portions of 
the gross sample to obtain at least 200 lb. of the single size selected for test While 
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the size or sizes to be selected for test are optional in this method, one or more of 
the sizes larger than 2 to $ in. are suggested with preference for the 4- to 6-in, 
size. In cases where difficulty is experienced in screening this quantity, the amount 



o tained by the preliminary screening may be augmented from larger pieces by 
t topping them in the shatter test apparatus. This procedure for obtaining from 
arger pieces an adequate quantity of a particular size selected for test is especially 
applicable to freshly mined coal. 

Ihoroughly mix the total quantity of the single size selected for test obtained 
as described in the abo\e paragraph, and then rescreen it to pass the upper limit- 
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i„ K screen opening and to be retained on the lower. Place only a thin layer ol 
cotl on the screen so as to allow the pieces to be in direct contact with the screen 
openings. Individual pieces of coal not passing readily through either of the 
screens shall be tried by hand to determine whether they will pass through the 


openings in any position without forcing. 

For slack coals and mixed sizes, carefully prepare the sample either by the 
process of quartering or by reassembling the different sizes in the proportion ob- 
tained in the preliminary screening of the lot of coal to be tested. For slack coals 
in which the largest pieces will not be retained on a screen with %-in. openings, 
quartering is satisfactory; while for larger sized slack coals and for blends of two 
or more single sizes, the reassembling method is recommended. Before dropping, 
screen the samples prepared by quartering on the same set of scieens selected foi 
die dropped coal. 

Procedure .- A 50-lb. portion of the coal sample, prepared in accordance with 
the preceding section, shall be given two drops. Place the coal in the box of the 
shatter test machine, level it, and then drop it a distance of 6 ft. onto the plate. 
Carefully return all the coal on die plate to the box and again drop it. After the 
second drop, separate the material into sized portions using the screens specified 
above. In screening, care shall be taken to prevent further breakage of the 
coal. The screening shall be carried out in such small increments as to permit 
satisfactory contact between the individual pieces of coal and the screen. On the 
larger screens, down to and including the screen with 1-in. openings individual 
pieces of coal not readily passing through the screens shall be tried by hand to 
determine whether they will pass through the openings in any position without 
forcing. When using the screens with %-in. openings and smaller, the coal shall 
come into intimate contact with the screen either by shaking or rolling by hand 
without upending the individual pieces. 

Weigh the coal remaining on each screen, and that which passes dirough the 
bottom screen either separately or in a cumulative manner on a scale sensitive to 
Yi lb. or less. By the cumulative method, weigh the largest pieces into a tared 
container and add each successive smaller size to this. Weigh the total amount 
after each addition. If the final net weight so obtained shows a loss of over 1%, re- 
ject the test and make another. In each case where the loss is less than 1%, it shall 
be considered as material passing the Y> in. or other bottom screen used, and 
shall be included with this size. Make at least two tests to obtain size stability 
results agreeing within 2%. When three or more tests are considered advisable and 
are made, all the results within a maximum to minimum limit of 3% may be 
averaged. 


Report.— (a) The percentage weight screen analysis shall be reported to the near- 
est 0.1 per cent, and the percentage size stability to the nearest 0.5 per cent. 

(b) Numerical examples of tabulating the results and of calculating the size 
stability in per cent and the friability in per cent are shown in Tables 31-5 and 
31-6. The form shown in Table 31-5 is general and serviceable for both single 
and mixed sizes. The form in Table 31-6, in which the example shown is for a 
. to . 6 ' in - size > is serviceable for other single sizes. The screen with %-in. open- 
ings is suggested as the bottom screen for testing single sizes, 2 to 3 in. and larger. 
.°r sm: * ller single sizes, slack coals, and mixed sizes containing slack, two addi- 
tional (bottom) screens, with %- and %-in. openings, are recommended. 
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Table 31-5. General Form for Reporting Data and Calculations 


Round-Hole 
Screens, in. 

Weight, 

% 

Average of 
Screen Size 
Openings, 
in. 

Product of Weight 
Percentage and of 
Screen Openings 

Retained 

on 

Passing 

Before 

Test 

After 

Test 

Before 

Test 

After 

Test 

8 

6 

8 



7.000 



4 

6 



5.000 



3 

4 



3.500 



2 

3 



2.500 



H 

2 



1.750 



1 

u 



1.250 



i 

1 



0.875 



i 

f 



0.625 



i 

i 



0.375 



8 

i 



0.185 




1 



0.060 



Total passing § 



0.185 



Total passing f 



0.125 



Average size of coal before and after test (two drops), in. . . 

Total, S 

Total, s 


Size stability, % = i°° * s . = 

(Friability, % = 100 — size stability) 


TUMBLER TEST FOR COAL 73 

This tumbler test 78 is intended for determining the relative friability of a par- 
ticular size of sized coal. It affords a means of measuring the liability of coal to 
break into smaller pieces when subjected to repeated handling at tire mine or 

™ Under the standardization procedure of the Society, this method is under the jurisdic- 
tion of the ASTM Committee D-5 on Coal and Coke. Standardized as ASTM D441-45. 

<o For information concerning the development and utilization of this tumbler test 
method for coal, the following references may be consulted: J. H. H. Nicolls, Friability 
l ests on Various Fuels Sold in Canada, Paper II, Canadian Department of Mines, Mines 
Branch, No. 644, 1926; I. Lavine, A. W. Gauger, and C. A. Mann, Studies in the Develop- 
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Table 31-6. Form and Example for Reporting Data and 
Calculations for a Selected Single Size 


Round-Hole 


Weight, 

Screens, in. 

Weight 



Recor- 

per cent 

Retained on 

Passing 

ded, lb. 

. (1) 


Average of 
Screen Openings 


Product 

of 

(1) X (3) 


Inches (2) 


Factor (3) 


Sample 


4 

! 

1 

6 

50 

100.0 

5.000 

1 

i 

100.00 = s 


Dropped Coal 


4 

6 

24i 

48.5 

5.000 

1 

48.500 

3 

4 

7 

! 15.0 

3.500 

0.7 

10.500 

2 

3 

6 b 

13.0 

2.500 

0.5 

6.500 

u 

2 

3 

6.0 

1.750 

0.35 

2.100 

r 

li 

1 2 

2\ 

5.0 

1.250 

0.25 

1.250 

3 

l 

lb 

3.0 

0.875 

0.175 

0.525 

1 


lb 

3.0 

0.625 

0.125 

0.375 


1 

o 

3| 

6.5 

0.250 

0.05 

i 

0.325 

Total (Sum of products (1) X (3) for dropped coal) 

B 


Size stability, % = 


10Q X j 
S 


100 X s 
100 


= s = 70.1 


To be reported as: Size Stability, 70% 


(Friability, % = 100 — 70 = 30) 


subsequently, by the distributor or by the consumer. The test is serviceable for 
ascertaining the similarity of coals in respect to friability rather than for deter- 
mining values within narrow limits in order to emphasize their dissimilarity. This 


meni of Dakota Lignite, Industrial and Engineering Chemistry, 22, No. 12, p. 1360, 1930; 
C. E. Lawall and C. T. Holland, Some Physical Characteristics of West Virginia * Coals', 
Am. Inst. Mining and Metallurgical Engrs., Coal Division, 101, p. 100, 1930; H. F. Yancey’, 
K.. A. Johnson, and W. A. Selvig, Friability, Slacking Characteristics, Low Temperature 
Carbonization Assay and Agglutinating Value of Washington and Other Coals, U. S. 
Bureau of Mines Technical Paper No. 512, 1932; H. F. Yancey and R. E. Zane, Comparison 
of Methods for Determining the Friability of Coal, U. S. Bureau of Mines, Report of 
Investigations 3215, 1933; and R. E. Gilmore, J. H. H. Nicolls, and G. P. Connell, Coal 
Inability Tests, Canadian Department of Mines, Mines Branch No. 762, 1935. 
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method also may serve to indicate die relative extent to which sized coals will 
suffer size degradation in certain mechanical feed devices. The test may be em- 
ployed for differentiating between certain ranks and grades of coal, and there- 
fore the method is of service for coal classification put poses. 

Apparatus. Porcelain Jar Tumbler.— The tumbler should consist of a cylindrical 
porcelain jar of uniform dimensions, 7V4 i»- hi diameter and 7 Vi in. in depth, in- 
side measurements, such as is employed for pulverizing coal samples for analysis. 

The jar should be fitted inside with an iron frame with 
lifting shelves constructed as shown in Fig. 31-20. The 
two rings, a, should be 7H in. in outside diameter and 
should be made of %- by Vft-in. iron. The three ledges 
or shelves, b, GV6 by % by % in., should be attached 
radially to the rings by means of small brackets, r, 
the ends of the shelves being flush with the outer edges 
of the rings. The shelves should be attached so that 
there will be %-in. clearance between their outer edge 
and the outside of the ring. Rivets, not bolts, should 
be used in constructing the frame. As the jars avail- 
able commercially are not of absolutely uniform si/c. 
the measurements of the frame may be slightly varied 
to suit individual cases. The frame should be fixed 
inside the jar by means of wedges between the rings 
and the inside wall of the jar so that its axis shall coin- 
cide as nearly as possible with the axis of the jar, and 
so that the frame will rotate with the jar. The jar 
should be closed by a set-in porcelain lid resting upon 
a heavy rubber gasket and scaled tightly according to 
the customary procedure with such jars, that is, by 
means of a bolt working against the lid. The bolt 

i K ii ... should be set in a crossbar, the ends of which should 

i it,, oi tau, oitTLi 1 1 unit. till r 

Vsed u\ Jar Mill. be held by a metal strip which fits around the body ot 

the jar. For tumbling, the jar should be laid in a 
horizontal position in a suitable support or rack and rotated about its cylindrical 
axis at the rate of 40 r.p.m. 

Optional Iron Jar Tumbler.— An iron jar may be substituted for the porcelain 
jar specified in the preceding paragraph, provided it has approximately the same 
internal dimensions, namely, 7 Vi in. in diameter by 7Vi in. in depth. A jar con- 
structed of cast iron is recommended, the interior of which should be machined to 
the required internal dimensions. For making it sufficiently light for lifting, the 
jar may have a wall thickness of not less than Vi in., except at each end. It is 
recommended that the lid, the rubber gasket, and the metal strip which passes 
horn the bottom up the outside of the jar to serve in holding in place the cross- 
bar above the lid, be similar in design with those for the porcelain jar. The 
wall of the iron jar for a distance of approximately 1 in. from the top should have 
a thickness of at least V£ in. to correspond with that of the porcelain jar; and ill 
order that the metal strip may fit evenly, the lower inch of the wall should also 
have a thickness of not less titan Y> in. 

Sieves.— For sizing the sample for test, squarc-liole sieves having 1.50- and 1.06-in. 
actual openings between the wires should be used. These sieves may he fitted into 





COAL AND COKE 

frames 12 by BO in. or larger. For screening the coal after tumbling, square-hole 
sieves having 1.06, 0.750, 0.530, 0.375, 0.0469, and 0.0117- in. actual openings be- 
tween the wires shall be used. For this purpose, round, metal-framed screens 8 in. 
in diameter are suitable. The sieves should conform to the Specifications for 
Sieves for Testing Purposes (ASTM Designation: Ell, p. 1277). 

Balance— The balance used for weighing the sample should be sensitive to 1 g. 

Collection of Gross Sample .— The gross sample of coal should be obtained in 
accordance with Sections 1 to 4, inclusive, and Section 6 of the Methods of Sampling 
Goals Classed According to Ash Content (ASTM Designation: D492, p. 1137). 

Preparation of Sample.— Make a preliminary sieving of a representative portion, 
approximately 100 lb., of the gross sample, using square-hole sieves with 1.06- and 
1.50-in. openings. If this preliminary sieving indicates that the pieces of coal are 
mostly smaller than 1.50 in., sieve successive representative portions of the gross 
sample until at least 25 lb. of tire 1.06- to 1.50-in. size are obtained. If most of 
the pieces obtained by the preliminary sieving are larger than 1.50 in., conduct 
sieving of representative portions of the gross sample until at least 50 lb. of the 
sieved material remaining on the 1.06-in. sieve are available. Then break the 
pieces so obtained that are larger than 1.50 in. with a hammer until they pass 
the 1.50-in. sieve, avoiding as much as possible the production of pieces smaller 
than 1.06 in. Should the combined weights of the 1.06- to 1.50-in. size, obtained 
by sieving before and after hammer breakage of the larger pieces, be less than the 
required 25 lb., augment the amount by further sieving and breakage of additional 
representative portions, or the remainder of the gross sample, care being taken to 
discard all pieces in which noticeable cracks have developed by hammer breakage. 
Care should also be taken to provide pieces covering the whole range of the 1.06- 
to 1.50-in. size in both the 25-lb. composite sample, and in each 1000-g. sample taken 
for test as in the following section. This may be accomplished by the use of a 
1.25-in. sieve to see that approximately half of the weight of the pieces com- 
prising these samples will be between 1.06 and 1.25 in. and half between 1.25 
and 1.50 in. 

Mix thoroughly the total quantity of the 1.06- to 1.50-in. size and then resieve it 
to pass the 1.50-in. sieve and be retained on the 1.06-in. sieve. Place only a thin 
layer of coal on the sieve so as to allow the pieces to be in direct contact with the 
sieve openings. Upend by hand individual pieces of coal not passing readily 
through the sieve to determine whether in any position they pass the sieve. 

Procedure .— Weigh approximately 1000 g. of the coal sample prepared in ac- 
cordance with the preceding section and place it in the jar. Rotate the jar for 1 
hr. in the tumbler test machine at 40 ± 1 r.p.m. In order to standardize the time 
of tumbling, a revolution counter should be used, either periodically or as perma- 
nent accessory equipment to the machine, to ensure that the total number of revo- 
lutions during a test is approximately 2400. After tumbling, thoroughly grade the 
coal as to size upon the sieves designated on p. 1228. Carry out die sieving in 
such small increments as to permit satisfactory contact between the individual 
pieces of coal and the sieve. On the two larger sieves, 1.06- and 0.750-in., upend 
by hand individual pieces of coal not readily passing through the sieves to deter- 
mine whether in any position they pass the sieve. 

Sieving may be carried out either by hand or mechanically, though the former 
method is preferable. ° lormer 

Make at least four single-jar tests, and, provided sufficient sample is available, it 
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Table 31-7. Sieve Analysis of Coal Using Square-Hole Sieves 


Retained on 

Passing 

Weight, 

% 

a) 

Average of 
Sieve Openings 

Product 

of 

(1) X (3) 

Inches 

(2) 

Factor 

(3) 

Sample 

1.06 in. 

1.50 in 

100.0 ! 

1.280 

1 

100.00 = s 

Tumbled Coal 

1.06 in. 

1.50 in 

46.2 

1.280 

1 

46.2 

0.750 in. 

1.06 in 

26.9 

0.905 

0.7 

18.83 

0.530 in. 

0.750 in 

4.0 

0.640 

0.5 

2.00 

0.375 in. 

0.530 in 

1.6 

0.452 

0.35 

0.56 

0.0469 in. 

0.375 in 

5.5 

0.211 

0.16 

0.880 

0.0117 in. 

0.0469 in. (No. 16) 

0.5 

0.029 

0.023 

0.012 


0.0117 in. (No. 50)“.... 

15.3 6 

0.006 

0.005 

0.077 

Total (Sum of products (1) X (3) for tumbled coal) 

68.56 = f 


Friability, % = ~ ') . ^dOO - 68,56) _ 

5 100 


To be reported as: Friability, 31.5 per cent 
* Including loss, not to exceed 0.5 per cent. 

rhe percentage of “fines and dust” passing the 0.01 17-in. (No. 50) sieve represents the pro- 
proportion of the breakage due to attrition or abrasion rather than to shattering, and may be 
reported as dust index” to the nearest whole per cent to indicate the relative dust-producing 
m j™ co j w ^ en subjected to severe handling. Hence both the friability in per cent 
o j. j c e dust tndex’ may be reported as follows: Friability, per cent = 31.5; with dust index 


is recommended that two or more four-jar tests be made. When only four single- 
jar tests are made, sieve the contents of each jar separately in order to be sure 
that there is satisfactory agreement between the results obtained. When two or 
more four-jar tests are made, the contents of the four jars from each set may be 
mixed and sieved together. Make the weighings to the nearest 1 g. 

eport.— The results should be reported to 'the nearest 0.5% as friability, per 
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cent, which is the percentage reduction in average size of the coal during the 
tumbler test. 


Noth.— A numerical example of the method of calculating friability is given in Table 
31-7 where the average of the openings of the retaining and passing sieves is expressed in 
inches to the nearest 0.001 in. The data shown are for a typical coal of medium friability. 
It is from the average of the sieve openings that the approximate relative size factois, 
shown as column (3) are derived. In the column to the extreme right, S represents the 
average size of the coal pieces before tumbling, and s the average size of the tumbled coal, 
the value for $ being arbitrarilv chosen as 100 times its corresponding size factor. 


SCREEN ANALYSIS OF COAL 77 

This method of test for screen analysis is applicable to all coal except anthracite, 
powdered coal as used in boiler plants, and crushed coal as charged into coke ovens. 

Apparatus— Screens of the following series should be used conforming to the 
Specifications for Sieves for Testing Purposes (ASTM Designation: Ell, p. 1277). 

Round-Hole Screens: 


8-in. 

3-in. 

1^-in. 

3 * 

f-m. 

6-in. 

2j-in. 

l|-in. 

2 -in. 

5-in. 

2-in. 

1-in. 

3 : „ 
•g-m. 

4-in. 





Wire-Cloth Sieves with Square Openings: 

4760-micron (No. 4) 
2380-micron (No. 8) 
1190-micron (No. 16) 
590-micron (No. 30) 


297-micron (No. 50) 
149-micron (No. 100) 
74-micron (No. 200) 


Time of Sampling .— The coal should be sampled when it is being loaded into 
or unloaded from railroad cars, ships, barges, or wagons, or when discharged from 
supply bins, or from industrial railway cars, or grab buckets, or from any coal- 
conveying equipment, as the case may be. It is not feasible to collect representa- 
tive samples for screen analysis from the surface of coal in piles or from loaded 
cars or bins. 

Collection of Gross Sample .— Increments should be regularly and systematically 
collected, so that the entire quantity of coal sampled will be represented propor- 
tionately in the gross sample, and with such frequency that a gross sample of the 
required amount should be collected. The number of increments collected should 
be not less than 20. When the coal is passing over a conveyor or down a chute, 
increments the full width and thickness of the stream of coal should be taken either 
by stopping the conveyor and removing all coal from a transverse section of it, or by 
momentarily inserting a suitable container into the stream. If it is impracticable to 
collect increments the full width and thickness of the coal stream, increments should 
be systematically collected from all portions of the stream. 

Weight of Gross Sample.-The weight of the gross sample collected should con- 
form to the following: 


• ■ Lncler the standardization procedure of the Society, this meth> 
non of the ASTM Committee D-5 on Coal and Coke. Standardize 


is under the jurisdic- 
as ASTM D4I0-38. 
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Run-of-mine coal not less than 4000 lb. 

Screened coal with upper limit larger than 
4-in. round not less than 4000 lb. 

Coal smaller than 4-in. round not less than 2000 lb. 

Coal smaller than 2-in. round not less than 1000 lb. 

Coal smaller than 1-in. round not less than 500 lb. 

Coal smaller than T-in. round not less than 100 lb. 

Reduction of Gross Sample,— Reduction of the quantity of the gross sample 
should conform to the following: 

(а) Coal Larger than 1-in. Round.— Coal larger than I-in. round should be 
screened without mixing or reducing. 

(б) Coal Smaller than 1-in. Round .— Coal smaller than I-in. round may be re- 
duced in amount to not less titan 125 lb. by riffling or by arranging it in a long, 
flat pile and successively halving it or quartering it by the alternate-shot el method 
as follows: Take successive shovelfuls in passing around the pile (advancing a 
distance equal to the width of the shovel for each shovelful), and retain alternate 
shovelfuls or every fourth shovelful for the sample. 

(c) Coal Smaller than %-m. Round .— Coal smaller than %-in. round may be re- 
duced to not less than 25 lb. by passing it through a riffle or equally accurate re- 
ducing device, or by hand-quartering as described in the Method of Sampling 
Coke lor Analysis (ASTM Designation: D346, p. 1260). 

(d) Coal Smaller than No. 4 Sieve .— Coal smaller than the No. 4 sieve may be 
reduced to not less than 2 lb. by riffling or hand-quartering. 

(e) Coal Smaller than No. 8 Sieve .— Coal smaller than the No. 8 sieve may be 
reduced to not less than 1 lb. by riffling or hand-quartering. 

Drying Sample.— In case the coal is wet, the sample may be tested on screens 
1-in. round and larger without drying, but the sample of coal smaller than 1-in. 
round (reduced in amount to 125 lb., as described in the preceding section, should 
be dried sufficiently to remove surface moisture which causes small particles to 
cling to the larger pieces. In cases of lignite, subbituminous, and high volatile C 
bituminous coals, tare should be observed not to over-dry and cause weathering of 
the coal. 

Screen Analysis.— The sample should be accurately weighed before screening. 
Starting with the largest screen, the sample should be screened in such increments 
as will allow the pieces to be in direct contact with the openings at the completion 
of the screening of each increment. The smallest screen through which all of the 
sample passes should be determined by actual test, in accordance with the follow- 
ing paragraphs: 

Coal Larger than 2\i*rin. Round .— Pieces of coal not passing readily through 
screens 214-in. round and larger should be tried by hand to see if they will pass 
thiough the openings in any position. Screens 2&in. round and larger should not 
he shaken except for whatever jiggling may be necessary to clear the screens of 
fine coal. 

Coal Smaller than 2*4- in. Round .— Coal passing the 2}&-in. round screen should 
be tested with screens down to and including I-in. round as follows: Move the 
screen horizontally a distance of about 8 in. at just sufficient rate to cause the 
pieces of coal to tumble or roll on the screen. Stop the motion of the screen. with* 
out impact. After ten such shakes (five in eadi direction), screening of the incre- 
ment should be considered complete. 
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Coal Smaller than 1-in. Round - Coal passing the 1-in. round and smaller screens 
, * and then reduced in amount as provided in the section on Rc- 

? a) ■ Of Gross Sample and then shall be dried as provided in the section on 
S Screens smaller ’than 1-in. round should be shaken gently with a rec, pro- 
cure. "horizontal motion until practically no more coal will pass through the open- 
ings. 0 When both No. 100 and No. 200 sieves are used, the latter should be used 

first in order to facilitate screening. I07 - 

Report.— The screen analysis results should be reported to the nearest 0.1% as 

follows: 


Per Cent 


Retained on in. round 

Retained on in. round, passing 


in. round 


Retained on No passing in. 

round 

Retained on No , passing No 

Passing No 


Total 


If the sum of the weights shows a loss of over 2%, the analysis should be rejected 
and another test made. 


DESIGNATING THE SIZE OF COAL FROM ITS SCREEN 

ANALYSIS ™ 


This method covers the designation of coal sizes from the results of screen anal- 
ysis tests of samples taken to represent the condition of the coal as sold. The 
method applies only to natural continuous ranges of sizes as produced by mining, 
handling, crushing, screening, etc. In the case of special mixtures, or where the 
screen analysis indicates a substantial deviation from a normal gradation of sizes, 
a sufficiently complete screen analysis to properly describe the size composition 
should be made and reported in accordance with the Method of Test for Screen 
Analysis of Goal (ASTM Designation: D410, p. 1231). 

This method does not cover the standardization of screens used in the commer- 
cial preparation of coal. 


Sampling and Screen Analysis.- The sampling and screen analysis should be per- 
formed m accordance with the Method of Test for Screen Analysis of Coal (ASTM 
Designation: D-l 10; see preceding section). 

Screens.— Size designations should be in terms of screens of the following series 

'/! co-l To CnS should con!onn to the Specifications for Sieves for Testing Purpose* 
(AS 1 M Designation: El l. p. 1277). 8 p 


*- s l mler the standardization 
tion of the AS TM Committee 


procedure of the Society, this method 
L>-:> on Coal and Coke. Standardized 


is under the jurisdic- 
as D131 -14. 
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Round-Hole Screens 
8-in. 

6-in, 

5-in. 

4-in. 

Wire-Cloth Sieves with Square Openings 
No. 4 (4760-micron) 

No. 8 (2380-micron) 

No. 16 (1190-micron) 

No. 30 (590-micron) 

Size Designation.— The designation should indicate the range of the sue by giv- 
ing the upper and lower limiting screens between which more than 80 per cent of 
the sample is retained by actual test, the limiting screens being selected as follows: 

(а) The screen defining the upper limit should be the smallest screen of the 
series given in tire preceding section upon which is retained a total of less than 5% 
of the sample. The screen defining the lower limit shall be the largest screen of 
the series gi\en in the preceding section dirough which passes a total of less than 
15% of the sample. 

(б) The terms for defining sizes should be written with the upper limiting screen 
first, followed by an “x” and tliat followed by the lower limiting screen. The 
abbreviation “in.” should follow the lower limiting screen but may be omitted after 
the upper limiting screen. Frr screens of the U. S. standard sieve series (No. 4 
and smaller), the abbreviation “No.” should be used each time a screen is indicated. 
If the total retained on the 8-in. screen is 5% or greater, the size should be desig- 
nated by the lower limiting screen preceded by the word “plus” and followed by 
an expression in parentheses giving the percentage over 8 in. to the nearest 1%. 

(c) The following examples illustrate the system of size designation: 

Examples: 

plus ^ in. (10 per cent over 8 in.) 
plus 4 in. (24 per cent over 8 in.) 
plus No. 16 (6 per cent over 8 in.) 

4 x 2 in. 

3 x 5- in. 

2 in. x No. 4 
No. 4 x No. 30 
1 in. x No. 50 

Notes.— On the basis of the relationship between square-mesh sieves and round-hole 
screens as determined by tests on coal. No. 4 sieve is roughly equivalent to round 
screen. No. 8 to %-in. round, No. 16 to ] / 10 -in. iound, and No. 30 to !&>-in. round. 

Anthracite is commonly tested at the point*of preparation or lepreparation to determine 
whether the sizing confoims to the specifications of the Anthracite Committee of the Pro- 
duction Control Plan for the Anthracite Industry by means of a series of special round- 
hole screens adopted by the Anthracite Committee, none of which screens have the same 
size openings as the screens specified in the preceding section above. The methods of 
sampling and testing are given in the Method of Test for Size of Anthiacite (ASTM Desig- 
nation: D310; see following method). 


No. 50 (297-micron) 
No. 100 (149-inicron) 
No. 200 (74-micron) 


3-in. 

la-in. 

1 -in 

2 §-tn. 

li-in. 

2*in 

2 -in. 

1 -in. 

-ff-in 
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SIZE OF ANTHRACITE 73 

This method of screen test for anthracite is intended for determining the per- 
centage of undersize or oversize in any given commercial size. 

Screem.-The screens for testing the various sizes of anthracite should consist of 
No. 16 U. S. gauge metal plates with staggered round openings. The screens should 
conform to the requirements for round-hole perforated plate screens prescribed in 
the Specifications for Sieves for Testing Purposes (ASTM Designation: Ell, page 
1277). Screens mounted in hardwood box frames 16 to 20 in. square are satisfac- 
tory for testing nut, pea, buckwheat, and rice sizes of anthracite. For broken, egg, 
and stove sizes, it is more convenient to use screens square or rectangular in shape 
having an area of 4 to 6 sq. ft. The screens may conveniently be mounted in a 
rack, so as to slide like drawers, with a pan underneath to catch the undersize. 

Screen Openings— The screen openings specified in the Anthracite Standards 
Law of the Commonwealth of Pennsylvania, effective September 1, 1949, as standard 
anthracite sizing specifications, are as follows: 


Size of Round-Hole 
Openings in Testing 
Screens, in. 


Size 

Passing 

Retained on 

Broken 

43 

^8 

3f to 3 

Egg 

to 3 

2 is 

Stove 

9 JU 

^16 

i 5 
* 8 

Nut 

1 5 

L S 

13 

16* 

Pea 

13 

16 

9 

Tg 

Buckwheat 

9 

16 

5 

16 

Rice 

To 

3 

16 


When testing coal to determine conformity with these specifications, these sizes 
of screen openings shall be used in the test. 

Unit for Sampling.— Each carload or its equivalent shall be considered as a unit 
for sampling. 

Collection of Gross Sample.—' The gross sample should be not less than 200 lb. 
for broken and egg sizes, and not less than 100 lb. for stove, nut, pea, buckwheat, 
and rice sizes. 

4 he gross sample should preferably be collected when the coal is being loaded or 
unloaded in accordance with the procedure described in the sections of the Methods 
of Sampling Coals Classed According to Ash Content (ASTM Designation: D492, 
P- 1137). The increments should be regularly and systematically collected, so that 
the entire quantity of coal sampled will be represented proportionately in the gross 
sample, and with such frequency that a gross sample of the required amount is 
collected. In case it is necessary to collect the sample from the exposed surface of 
tie car, nine equal increments should be taken about one foot below the surface. 

te nine sampling points should be located as shown in Fig. 31-21. 

tion IS 1 ' ^ ^standardization procedure of the Society, this method is under the jurisdic- 
e -^STAI Committee D-5 on Coal and Coke. Standardized as D310-84. 



1236 


COAL AND COKE 



* L, . 

^ t, ^ 

1 

= length of car- — 



■ 

— ^ 


gjj 


c xo > 

10 

KSI 


1 

I 

m 









■ 


B 

■ 


■ 

■ 

■ 


■ 

wm 

1 






J± 



IHiSHSI 




Fic. 31-21. Location of Sampling Points from Exposed Surface of Car. 


Preparation of Laboratory Sample .— For broken, egg, stove, and nut sizes the 
gross sample should be screened without being mixed or reduced. For the pea 
size, the gross sample should be thoroughly mixed and reduced by quartering, 
without crushing, in accordance with the section on mixing and reduction of the 
Method of Sampling Coke for Analysis (ASTM Designation: D346, p. 1260). For 
the buckwheat and rice sizes, the gross sample should be thoroughly mixed and 
reduced by quartering, without crushing, in accordance with the same section of 
Method D34G, or by passing through a riffle sampler in accordance with the rele- 
vant section of the Methods of Sampling Coals Classed According to Ash Content 
(ASTM Designation: D492, p. 1137). The laboratory samples should consist of 
the following approximate minimum amounts: 



Laboratory Sample , 


Approximate 

Size 

Minimum Weight, lb. 

Pea.. 

... 50 

Buckwheat 

25 

Rice 

10 


Procedure ,— In case die coal is wet, air-dry it before screening. Determine the 
undersize first. For broken, egg, and stove sizes, upend each piece by hand on the 
screen, to determine whether in any position it passes through the screen. For 
nut, pea, buckwheat, and rice sizes, shake the screens gently with a reciprocating 
horizontal motion, so as to atoid breakage of the coal, until practically no more 
coal will pass through the openings. Screen the coal in such increments as will 
allow the pieces to be in direct contact with the screen openings after the com- 
pletion of the shaking of each increment. 

Report.— The undersize and oversize should be reported to the nearest 1%. 

SIEVE ANALYSIS OF CRUSHED BITUMINOUS COAL 80 

This mediod of test covers a procedure for die sieve analysis of rather coarsely 
crushed bituminous coal, less than 1.5 in. in size, such as is charged into coke ovens. 
It is not applicable to the testing of powdered coal as used in boiler plants. 

so Under the standardization piocedure of the Society, this method is under the jurisdic- 
tion of the ASTM Committee D-5 on Coal and Coke. Standardized as D311-30. 
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100.0. However, if the sum of the weights retained on each sieve and that which 
passes the smallest sieve shows a loss of over 0.5%, the analysis should be rejected 
and another test made. 


CUBIC FOOT WEIGHT OF CRUSHED BITUMINOUS COAL 81 

This method of test covers two procedures for determining the cubic foot weight 
of crushed coal less than in. in size, such as is charged into coke ovens, as follows: 

Procedure id.— The cone procedure for determining an uncompacted weight per 
cubic foot. 

Procedure The dropped-coal procedure for determining a compacted weight 
per cubic foot, comparable to actual bulk densities attained in coke ovens. 

This method is not applicable to the testing of powdered coal as used in boiler 
plants, nor to the determination of weights per cubic foot of coal in storage piles. 

PROCEDURE A.-CONE PROCEDURE FOR UNCOMPACTED 
CUBIC FOOT WEIGHT 

Apparatus. Measuring Box.— A box of rigid construction should be provided, 
having inside dimensions of 12.0 by 12.0 by 12.0 in., and a volume of 1728 ± 5 
cu. in. The exact volume of die box should be determined by water calibrations. 

Cone.— A cone, conforming to Fig. 31-22, should be provided for filling die box. 
This cone should be 2 ft. 0 in. high and 1 ft. 8 in. in inside diameter at the top, 
with a circular opening 4Vs in. in diameter at the bottom. A slide valve consisting 
of a sliding-plate shutter and its supports should be welded to the bottom of the 
cone in such a manner that the valve may be opened and closed with ease by re- 
moving or inserting the shutter in its supporting slides. The cone should be sup- 
ported in a tripod frame having a circular opening at die top of about 1 ft. C in. 
in diameter. This frame should support the cone so that the top-side of the shutter 
should be 1 ft. 10 in. from the inside bottom surface of the box. 

Leveling Bar.— A leveling bar of steel strip 2 ft. 6 in. long by 1.5 in. wide and 
approximately in. thick should be provided. 

Scales.— A platform scale, capable of weighing up to 200 lb. and sensitive to 0.1 
lb., should be provided. 

Sampling. Cross Sample.— For collecting gross samples of crushed bituminous 
coal, the procedure described in the relevant sections of die Methods of Sampling 
Coals Classed According to Ash Content (ASTM Designation: D492, p. 1137) 
should apply. During the period of collecting the gross sample, the increments of 
the sample should be stoicd in a waterproof container with a tightly fitting cover 
in order to prevent die loss of moisture. The minimum number and weights of 
increments collected shall be in accordance with Table 31-2 of Method D1U2, page 
1 139. The minimum gross weight of the sample should be 300 lb. 

Laboratory Sample.— The gross sample of coal should be thoroughly mixed and 
subdivided, widiout crushing, into four 75-lb. portions. This operation should be 
done as quickly as possible to avoid loss of moisture, and the cubic foot weight 
should be determined immediately. If Uiis determination cannot be made im- 
mediately, the samples should be kept in waterproof containers with tightly fitting 
covers until the time for making the determination. 

si Under the standardization procedure of the Society, this method is under the juris- 
diction of the ASTM Committee D-5 on Coal and Coke. Standardized as ASTM D291-C0. 
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Procedure.— Before BIHog cone b “ 

Pour the prepared samp e mto a P' le ““J back j th e shovel. Take 

4 i - in tU f' ^fo,ffol PO uniS *££An* in rhe pile, and allow 

successive shoxelfuls f 7 hopper at different peripheral points. 

5 5^^ and packing while^he hopper is being hlled. Place 
about 75 lb. of coal in the hopper. 




Fig. 31-22. Apparatus for Cone Procedure. 


Center the previously weighed cubic foot box under the valve of the cone. Then 
remove the valve shutter completely, allowing all of the coal to flow into the box 
and overflow the edges. Loosen wet coal, not flowing freely from the hopper, by 
gently dirusting downward through the coal to the valve with the leveling bar. 

After filling the box, carefully level off the excess coal above the box edge by 
means of the leveling bar, and place the box on the platform scale and weigh it 
to the nearest 0.1 lb. Avoid jarring or shifting of the filled box until all excess 
coal is leveled off. Record the difference in weight between the filled and empty 
box to die nearest 0.1 lb. as the uncompacted cubic foot weight. 

Note.— Aside from the character of the coaf itself, moisture content and size distribution 
of the coal are the two main factors which affect the cubic foot weight. A moisture deter- 
mination and sieve analysis of the coal should be reported along with the cubic foot weight 
for proper interpretation of the cubic foot weight. For directions for making these deter- 
minations, see the following methods of the American Society for Testing and Materials: 

Moisture .— Methods of Laboratory Sampling and Analysis of Coal and Coke (ASTM 
Designation: D271, p. 1150). ‘ v 
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Sieve Analysis.— Method of Test for Sieve Analysis of Crushed Bituminous Coal (ASTM 
Designation: D311, p. 1236). 

Precision. Repeatability .— Duplicate results by the same operator in a given 
laboratory on consecutive tests determined within a minimum interval of time 
shall be considered suspect if they differ by more than 0.6 lb. per cu. ft. 

When two results are obtained that differ by more than this value, two addi- 
tional tests shall be made. If the second pair of results differs by less than the 
repeatability, the first pair shall be discarded and the mean of the second pair 
shall be reported as the result of the test. 

When both pairs of results exceed the repeatability, the mean of the four re- 
sults shall be reported, provided that the two most divergent results differ by less 
than 1.32 times die repeatability of the procedure. Otherwise, all results shall be 
discarded and the apparatus, procedure, and sample shall be examined for non- 
compliance causes, which should be corrected before redetermining new pairs of 
values. 

PROCEDURE B.-DROPPED-COAL PROCEDURE FOR COMPACTED 
CUBIC FOOT WEIGHT 82 

Apparatus. Measuring Box.— A specially-constructed box, externally braced to 
ensure rigidity, should be provided, having inside dimensions of 18.0 by 24.0 by 
8.0 in, high, and a volume of 3456 db 10 cu. in. The exact volume of the box 
should be determined by water calibration. 

Dropping Apparatus.— A dropping apparatus, consisting of the shatter test ma- 
chine described and illustrated in the Method of Drop Shatter Test for Coke 
(ASTM Designation: D141, p. 1268), should be provided. It should consist of a 
box 18 in. in width, 28 in. in length, and approximately 15 in. in depth, sup- 
ported above a rigidly mounted cast-iron or steel plate, not less titan 0.5 in. in 
thickness, 38 in. in width, and 48 in. in length. The inside of the bottom of the 
box should be 6 ft. above the plate. The bottom of the box should consist of 
two doors hinged lengthwise and latched so that they will swing open freely and 
not impede the fall of the coal. In order to facilitate filling the box with coal, 
the box should be constructed so that it can be lowered to a convenient level. 
This is best done by means of the arrangement shown in Fig. 31-23. 

Leveling Bar.— A leveling bar of steel strip 2 ft. 6 in. long by 1.5 in. wide and 
approximately in. thick should be provided. 

Scales.— A platform scale capable of weighing up to 200 lb. and sensitive to 0.1 
lb. should be provided. 

Sampling. Cross Sample.— For collecting gross samples of crushed bituminous 
coal, the procedure described in the relevant sections of the Methods of Sampling 
Coals Classed According to Ash Content (ASTM Designation: D492, p. 1137), 
should apply. During the period of collecting the gross sample, the increments 
of the sample should be stored in a waterproof container with a tightly fitting 
cover in order to prevent the loss of moisture. The minimum number and weights 
of increments collected shall be in accordance with Table 31-2 of Method D492, 
p. 1139. The minimum gross weight of sample should be 800 lb. 

Laboratory Sample.— The gross sample of coal should be thoroughly maxed and 

82 H. S. Auvil, L. S. Schmidt, and H. G. Graham, Control of Bulk Densities in Coke 
Otcns: Studies on Precision and Application o£ Various Testing Methods, U. S. Bureau 
of Mines R. I. 3935, 1946. 
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Front Elevation End Elevation 

Fig. 31-23. Apparatus for Dropped Coal Procedure. 
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subdivided, without crushing, into four 200-lb. portions. This operation should 
be done as quickly as possible to avoid loss of moisture, and the cubic foot weight 
should be determined immediately. If this determination cannot be made im- 
mediately, the samples should be kept in waterproof containers with tightly fitting 
covers until the time for making the determination. 

Procedure.— Place the previously-weighed measuring box on the floor of the 
dropping apparatus and center it directly under the hopper with the long axis of 
the box parallel to die long axis of the hopper. Mark the floor of the dropping 
apparatus so that the measuring box will always be positioned exactly the same 
each time. 

Pour the prepared coal sample into a pile on the floor and carefully flatten it 
to about 4 in. in thickness. Avoid pounding of the pile with the back of die 
shot el. Take successive shovelfuls from uniformly distributed points in the pile, 
and carefully place them in the hopper to a\oid segregation. Place each shovelful 
to one side of die preceding one until 180 to 200 lb. are contained in the hopper, 
avoiding any heaping up of the coal at any one point as well as any compacting 
of the coal with the shovel. 

Raise the hopper containing the coal and allow the coal to drop into the meas- 
uring box from the 6-ft. height. Carefully level the excess coal even with the top 
edge of the box by means of the leveling bar. Avoid jarring or shifting of the 
filled box until all excess coal is leveled. Fill any voids left in die corners of die 
box below the top edge by gently raking die excess coal across the corner. Place 
die box, or its contents, on the platform scale and weigh it to the nearest 0.1 lb. 
Record the difference in weight between the filled and empty box to the nearest 
0.1 lb. as the compacted cubic foot weight (see Note, p. 1239). 

Precision. Repeatability .— Duplicate results by the same operator in a given 
laboratory on consecutive tests determined widiin a minimum interval of time 
shall be considered suspect if they differ by more than 1.0 lb. per cu. ft. 

When two results are obtained that differ by more than this value, two addi- 
tional tests shall be made. If the second pair of results differs by less than the 
repeatability, the first pair shall be discarded and die mean of the second pair 
shall be reported as the result of the test. 

When both pairs of results exceed the repeatability, the mean of the four re- 
sults shall be reported, provided that the two most divergent results differ by less 
than 1.32 times the repeatability of the procedure. Otherwise, all results shall be 
discarded and the apparatus, procedure, and sample shall be examined for non- 
compliance causes, which should be corrected before redetermining new pairs of 
values. 


INDEX OF DUSTINESS OF COAL AND COKE 83 

This mediod of test is intended for the determination of a relative index of 
the dust produced when handling coal or coke. 84 

S3 Under the standardization procedure of the Society, this method is under the juris- 
diction of the ASTM Committee D-5 on Coal and Coke. Standardized as D547-4I. 

84 Tor information concerning the development of this method of test for index of dusti- 
ness of coal and coke, the following references may be consulted: 

A. R. Powell and C. C. Russell, Method for Determining the Dustiness of Coal and 
Coke, Industrial and Engineering Chemistry, Analytical Edition, 5, September 15, p. 340, 
1933; J. M. Pilcher and R. A. Sherman, The Treatment of Coal with Oil and Other 
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4 , i >„c nnst r-thinet.— The apparatus consists of a metal cabinet 5 ft. in 
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intervals. Guides should be so constructed that the slides move easily, and the 
guides for the lower slides should extend 18 in. beyond one side of the cabinet. 
The lower slides should be inserted into the side opposite the side into which 
the top slide is inserted. A drawer 14 in. in depth should be located at the bot- 
tom for the removal of the sample. The entire apparatus should be dust-tight 
and constructed of nonrusting sheet metal such as galvanized iron. The cabinet 
may be made of No. 10 gauge sheet metal with edges bent over and welded. How- 
ever, the bottom drawer may be made of No. 14 gauge metal to decrease the weight. 
All slides may be made of No. 8 gauge sheet metal. Each of the two lower slides 
should have a polished upper surface (for example, stainless steel, chromium plated 
brass, or plain polished steel). All slides should preferably be of the thickness 
specified but should be not less than No. 10 gauge to prevent bending and later 
binding in the guides. The inside surface of the cabinet should be smooth from 
the top to the lower slides. 

Optional Automatic Attachments.— In order to increase the accuracy in timing 
of the insertion of the two lower slides, and to obviate the necessity for two per- 
sons being present at each test, an automatic means for the insertion of the slides 
may lie added. 

Imw'l'j"') 1>10duClS ’ Technical Pa P cr 113 ’ Am - Inst - Mining and Metallurgical Engrs., 
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Figure 31-25 shows schematically the operation of the timing equipment. The 
spring-actuated switch closes when the top slide is halfway out. This starts the 
electrical timing device which closes a circuit at the end of a definite time interval 
and energizes a solenoid. The solenoid releases a weight 85 attached to the slides 
by a cord running over a ball-bearing pulley, which pulls the slides into the cab- 
inet. The timing device shall be set so that 5 seconds elapse between the time 
that the upper slide is halfway out and that when the dust slides are halfway in. 
The time consumed in closing shall not exceed 0.5 second. 

The solenoid also releases a vertical cover held over the slot in the cabinet for 
the insertion of the slides; this cover is required to prevent the loss of dust from 
the opening when the coal is dropped. 

The connection between the slides and the cord attached to the weight and 
the pins that hold the slides together are readily removable so that the upper and 
lower slides may be removed independently after 2- and 10-min. intervals. 

To reduce the friction of the slides on the guides, five double-sealed ball bear- 
ings are mounted on each guide to support the slides. The slides move in freely 
at an accelerated rate. To avoid the jar and rebound that would result if the 
slides were stopped on the back of the cabinet, a braking force is applied just 
before die slides reach the limit of their travel. Eidier of two schemes may be 
used for retarding die slides. In one method the braking force is applied through 
two leather- faced steel bars which bear on die pins that hold the slides together 
(Fig. 31-25). The contact of the brakes on the pins is so adjusted as to stop the 
slides Vi in. short of full travel. The operator gently pushes the slides in the re- 
mainder of the distance. Anodier method consists of retarding the slides by pneu- 
matic compression cylinders having two adjustable vents, one for the initial re- 
tardment and the other to control the speed at which the slides seat themselves 
against the box. 

Sampling .—' The gross sample for die dustiness test shall be not less dian 1 10 lb. 
of coal or coke. This is sufficient for duplicate tests. 

Method of Sampling.— The gross sample should be collected in accordance with 
the procedures described in the Mediods of Sampling Coals Classed According to 
Ash Content (ASTM Designation: D492, p. 1137) or the Method of Sampling Coke 
for Analysis (ASTM Designation: D346, p. 1260). The gross sample should 
be carefully collected so as to be representative with regard to size distribution; 
also, handling during collection should be such as to minimize breakage of pieces. 
If an index of dustiness at time of sampling is desired, the sample should be ac- 
cumulated in a waterproof container with a tight-fitting cover. 

Sample Pieparation.— As soon as possible after collection, the gross sample should 
be reduced to two samples of approximately 50 ± 2.5 lb. each, by the alternate 
shovel procedure as described in the Method of Sampling Coke for Analysis (ASTM 
Designation: D346, p. 1260). By reducing the gross sample in this manner, prior 
to air-drying, the loss of float-dust is minimized, especially in cases where the sam- 
ples may be damp. Segregation is also less when reducing a damp sample. 

Drying Procedure.— If it is desired to determine the index of dustiness of the 
coal or coke at the time of sampling, no drying is required and the material, as 
sampled, is ready for test which should be made as soon as practicable after col- 
lection of the sample. 

85 The size of the weight is dependent upon weight of dust slides and amount of friction 
in pulling slides into cabinet. 
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If it is desired to determine the index of dustiness which may develop when 
the coal or coke is stored under dry conditions, such as in the basement of a pur- 
chaser, air-dry the sample so as to approximate the air conditions of the stored 
fuel. Either of the following two drying procedures may be used: 

(1) Spread the 50-lb. samples out in flat-bottomed tared pans, weigh, and then 
allow to stand in a warm dry room whose atmosphere is free of entrained dust 
and where there are no appreciable air currents. Continue the drying until the 

rate of loss is less than 0.1% per hour. _ _ . 

(2) Place the samples in a large air-drying oven similar to that used for an- 
drying samples for chemical analysis.* 6 Spread the 50-lb. samples out in a thin 
layer In flat-bottomed tared pans, weigh, and then dry in the air-drying oven at not 
more than 15°C. above room temperature. Stir and weigh the samples at inter- 
vals. Continue drying until the rate of loss is less than 0.1% per hour. One to 
three days will be required, depending upon the moisture content of the sample 
at the time that it is placed in the drier. 

Procedure.— Before each test, brush the inside surfaces, all slides, bottom drawer, 
and top cover of the apparatus free of dust. Then insert the top slide to form the 
upper compartment. Place the 50-lb. sample, prepared in accordance with the 
two preceding sections, in the upper compartment, level off the top of the sample, 
and close the top cover tightly. In placing the sample in die top of the cabinet, 
care should be taken to avoid excessive segregation. Then place the two polished 
slides, which have been brushed free of dust, on the guide extension, ready for in- 
sertion. The bottom drawer should be tightly in place. When all is in readiness, 
withdraw the upper slide with a quick motion, thus allowing the sample to drop 
into the drawer. Exactly 5 seconds later, as indicated by a stop watdi, quickly insert 
both lower slides. It is of particular importance that the slides be pushed in at 
exacdy 5 seconds after the sample is dropped, because the larger pieces of dust are 
dropping rapidly at the time, and a slight difference in the time of insertion of 
the slides will make a considerable difference in the amount of dust collected. 
After the slides have stood undisturbed for 2 min. from the time of insertion, 
withdraw the top of the two lower slides, and then, after the other slide has stood 
undisturbed for an additional 8 min. withdraw it. Keep the dust on each slide 
separate and, in order to remove the dust, place each slide on a stand so that one 
side extends over a glass funnel about 5 in. in diameter, supported in a ring stand 
with a weighing bottle below the funnel outlet. Carefully brush the dust into the 
funnel so that it falls directly into the weighing bottle. Then determine the 
weight to the nearest 0.001 g. The dust for the first period is designated “coarse 
dust,” and that for die second period is called “float dust.” 

Number of Tests.-All tests shall be made in duplicate and the average value 
reported as the dustiness index. 

Calculation.— The index of dustiness shall be calculated as follows: 


Dustiness index, coarse dust — 40 X weight of dust in grams settled after 2 min. 


Dustiness index, float dust — 40 X weight of dust in grams settled next 8 min 


Note.— The dust from the slides must not be assumed 
in the sample. The method is entirely empirical but it 
tluced when handling coal or coke. 


to be the total amount of dust 
gives a measure of the dust pro- 


(ASTM Designation: tig*"*** “ d <* Coal aod Coke 
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Expression of Index Values.—' The following general rules shall govern the use 
of significant figures in the expression of results: 

(a) If the index values are less than 10, only one decimal place shall be re- 
corded. 

(b) If the index values are 10 or greater, only whole numbers shall be recorded. 

Reproducibility of Results.— With proper care and strict attention to details, 

the difference between duplicate tests shall not exceed 20% of the average index 
value. If the difference is larger than 20%, additional samples shall be obtained 
and tested. 

PLASTIC PROPERTIES OF COAL BY THE GIESELER 
PLASTOMETER 87 

This method of test covers a semi-quantitative procedure for determining the 
relative plastic behavior of coal when heated under prescribed conditions in die 
absence of air. 88 The test may be used when studying coals and blends used in 
carbonization and in oilier situations where plastic properties are of practical 
importance. 

/ipparntus.— A convenient form of the Gieseler plastometer is shown schematically 
in Fig. 31-26. The apparatus consists of the following: 

Retort.— A steel retort consisting of five parts as shown in Fig. 31-27 should be 
provided: 

( 1 ) Retort Ciucible, cylindrical, 0.841 ± 0.003 in. in inside diameter and 0.625 in. 
in depth, with exterior threads for joining the crucible to the barrel. 

(2) Bauelj at least 6 in. long and having an inside diameter of 0.375 ± 0.003 in. 
except at the crucible end where it should have an inside diameter of 0.844 ± 0.003 
in. to a height of 0.500 in. above the threads as shown. The total depth of retort 
chamber should be not greater than 1.25 in. The top end of the barrel should be 
0.625 in. in inside diametei to a depth sufficient to allow clearance for the axle of 
the plastometer head when die apparatus is assembled. A hole, fitted widi a tube, 
should be provided at a point at least two Uiirds the length of the barrel above 
the crucible so as to afford exit for the volatile products during a test, 

(I) Steel Washer, 0.0G25 ± 0.001 in. in thickness and containing a central opening 
0.375 ± 0.002 in. in diameter as shown in Fig. 31-27. 

(7) Steel Stirrer, as shown in Fig. 31-27, provided with a straight shaft of 0.156 =b 
0.001 in. in diameter and equipped with four rabble arms. The lower end of the 
stirrer should be tapered to a point having an included angle at least 10“ greater 
than that of the notch in the bottom of the crucible. The rabble arms on the 
stirrer should be 0.0625 ± 0.001 in. in diameter, 0.250 ± 0.002 in. in length, and 
should be placed perpendicular to the shaft at 90° intervals around the shaft and 
0.125 ±0,001 in. apart center to center along the shaft. The middle two rabble 
arms should be set at 180“ to each other, and likewise the remaining two arms 

87 Under the standardization procedure of the Society, this method is under the juiis- 
diction of the ASTM Committee D-5 on Coal and Coke. Standardized as ASTM D1812- 
G0T. 

88 For information concerning the experimental work on which this method is based, 
the following references may be consulted: R. E. Brewer and J. E. Trill, Measurement o 
Plastic Properties of Bituminous Coals, Industrial and Engineering Chemistry, Analytical 
Edition, 11, p. 242, 1939; G. C. Soth and C. C. Russell, The Gieseler Method for Meastire- 
ment of the Plastic Characteristics of Coal, Proceedings, Am. Soc. Testing Mats., 43, p. U' 0 * 
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Fig. 31-28. Loading Device. 



bath of approximately 50% lead and 50% tin composition or equivalent. Temper- 
atures in the bath should be measured with a suitable thermocouple in a 14-in. 
outside diameter protection tube immersed in the bath so that the tube touches 
the outside wall of the crucible and the hot junction of the couple is at the same 
height as the center of the coal charge. A stirrer may be used to agitate the solder. 
A suitable furnace is illustrated in Fig. 31-26. 

Loading Device.— The loading device should be provided so that the coal may 
be packed uniformly in the crucible under a total packing load of 10 kg. and 
designed in such a manner that after compression the crucible and its contents can 
easily be removed from the device without disturbing the contents. A suitable 
device is shown in Fig. 31-28. 

Sample .- A representative gross sample of coal should be collected and prepared 
in accordance with the Methods of Sampling Coals Classed According to Ash 
Content (ASTM Designation: D492, p. 1137). Approximately 15 lb. of coal 
crushed to pass a No. 4 (4760 n) sieve should constitute the laboratory sample. 

Preparation of Sample.- Air-dry the sample prior to preparation. Spread the 
sample on tared pans, weigh and air-dry it at room temperature or at slightly 
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Place the thermocouple in the bath as directed under Furnace (p. 1249), and 
cover the bath with a piece of transite. The heating control shall be such that 
the badi will reattain the initial temperature in 10 ± 2 min. after immersion of 
the retort. Thereafter, heat the retort at a rate of 3.0° ± 0.1 °C. per min. on the 

overall basis, , 

When die retort has attained the initial bath temperature, set the brake on the 

drum pulley in a released position and set the dial pointer at zero. At the first 
detectable continuous movement of the pointer as defined below under Report , 
record the corresponding temperature as the “initial softening temperature.” 
Thereafter, take the reading of time, temperature, and pointer movement at 1-min. 
intervals. If the rate of turning of the pointer becomes such that the length of 
cord on the drum pulley will not permit completion of the determination, apply 
the brake and rewind the cord on the pulley. Periodically, at 1-min. intervals, 
release the brake and determine the rate of pointer movement by means of a 
stopwatch. Take care to allow the pointer to reach a uniform movement before 
timing and to obtain a time interval as long as is conveniently possible in order 
to increase the accuracy. Make these periodic readings until the pointer move- 
ment becomes such that after releasing the brake the length of cord remaining 
on die drum pulley will permit die completion of the determination. Continue 
readings until die pointer shows no further movement. When it is necessary dur- 
ing the test to rewind the cord on the drum pulley, take care not to disturb the 
stirrer in the coal sample. 

Number of Tests.— All tests shall be made in duplicate and the average values 
reported. 

Care of Plastometer.— It is most important that the dimensions of the rabble 
arms on the stirrer meet the specifications under Steel Stirrer (p. 1246), and Fig. 
31-27. In addition to thorough cleaning of the stirrer and crucible between tests, 
it is important that the dimensions of the rabble arms be checked at frequent 
intervals. The total surface area of the four rabble arms, when new, should be 
approximately 0.21 sq. in. When, after use, it is found by accurate measurement 
that the area is 0.18 sq. in. or less, the rabble arms shall be replaced or the entire 
stirrer discarded. 

The ball bearings shall be thoroughly cleaned in a light solvent at frequent inter- 
vals. Before reassembly they should be lubricated with a high-temperature, low- 
viscosity, silicone oil. Three drops of oil should be used per bearing and the oil 
distributed uniformly over the balls. 

Report.— From the observed times and dial readings the corresponding move- 
ment of the pointer shall be calculated in dial divisions per minute. All values 
over 15,000 shall be reported as “greater than 15,000 divisions per minute.” Bitumi- 
nous coals show a wide range of fluidities. For this reason it is convenient to plot 
dial divisions per minute as ordinates on a logarithmic scale against temperatures 
as abscissas on an arithmetic scale. 

The report shall also include the following: 

(1) Initial Softening Temperature.-The temperature at which the dial pointer 
movement readies 0.5 dial divisions per min. It is permissible to characterize this 
temperature by other dial divisions per minute, but in these cases it shall be re- 
ported as such. 

(2) Maximum Fluid Temperature.- The temperature at which the dial pointer 

movement reaches die maximum rate. 1 
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(3) Solidification Temperature.— The temperature at which the dial pointer move- 
ment stops. 

(•/) Maximum Fluidity .— The maximum rate of dial pointer movement in dial 
divisions per minute. 

Certain coals have the tendency to swell up into the barrel during the determina- 
tion. Upon completion of the test and after cooling, the retort shall be carefully 
disassembled and the amount of material remaining in the crucible and attached 
to the rabble arms shall be recorded. 

Reproducibility.— All characteristic temperature points for duplicate tests should 
agree within 5*C. Maximum rate of pointer movement should agree within 20%. 


FREE SWELLING INDEX OF COAL a<1 

This method 91 is a small-scale laboratory test for obtaining information regard- 
ing die free-swelling properties of a coal; the results may be used as an indication 
of the coking characteristic of the coal when burned as a fuel. This test is not 
recommended as a method for the determination of expansion of coals in coke 
ovens. 

Apparatus. Burner Assembly.— A gas burner with a large grid (external diameter 
lVio in.), a draft shield, and a triangular crucible support as shown in Figs. 31-29 

and 31-30. The draft shield, conforming to the dimensions shown in Fig. 31-29, 

should be made from asbestos cement pipe, and at the top it should have three 

slots, 1 in. in depth, in which the wires of die crucible support rest. The draft 

shield should be supported on a ring stand, so that the distance between the base 
of the crucible and the top of the burner grid may be adjusted by raising or lower- 
ing the draft shield. The triangular crucible support should be made of three 
pieces of translucent silica tubing each 63 to 64 mm. in length and 6 to 6.5 mm. 
in external diameter and mounted on chromium-nickel wire so that die diameter 
of the inscribed circle is approximately 32 mm. The twisted ends of the triangle 
may be joined together by a loop ol wire in order to facilitate removal of the hot 
crucible. 

Crucibles.— At least four translucent silica, low-ftinu crucibles, with silica, ring- 
handle lids, conforming to the following requirements; also an extra pierced lid 
for determining the crucible temperature: 


Weight, g 11.0 to 12.75 

External height, mm 26 zb 0.5 

External diameter at top, mm 41 ± 0.75 

Internal diameter at base, min., mm 11 

Capacity (approximate) cu. cm 17 


Flow Meter.— A capillary llow meter with water manometer placed in the gas 
line before the burner as a guide to the control of the rate of gas flow (Fig, 31-29). 

so Under the standai dilation piocedure ot the Society, this method is under the juris- 
diction of the ASTM Committee D-5 on Coal and Coke. Standardized as ASTM D720-57. 

9' This method is an adaptation of the Crucible Swelling Test for Coal, of the Biitisji 
Standards Institution. For information concerning the experimental work on which this 
adaptation is based, see paper by H. N. Ostborg, H. R. Limbacher, and Ralph A. Sherman, 
An Experimental Investigation of the British Standard Method for the Crucible Swelling 
Test for Coal, Proceedings, Am. Soc. Testing Mats., 42, p. 851, 1942. See also a paper by 
\V. A. Selvig and W. H. Ode, An Imestigation of a Laboraloiy Test for Determination or 
the Fiec-.Swclling Index of Coal, Revision of R. I. 3989, U. S. Buieau of Mines Report of 
Investigation 4238, 19f8. 
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-. aht Tube -A sight tube, as shown in Fig. 31-BO, for viewing the coke buttons 
so that the effect of parallax will be eliminated. The tube should be made of 
either glass or metal tubing, and supported vertically on a ring stand. 
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Fig. 31-29. Details of Burner Assembly. 


Preparation of Sample .- The sample of coal should be freshly ground to pass a 
250-micron (No. 60) sieve, and it should be prepared in accordance with the require- 
ments of the Standard Methods of Lab- 
oratory Sampling and Analysis of Coal 
and Coke (ASTM Designation: D271, see 
p. 1145). 

Calibration of Burner .— With the 
burner assembly arranged as shown in 
Fig. 31-29, and with a blank crucible in 
position, the burner should be lighted 
about 15 min. before making a determi- 
nation to allow the draft shield to rise to 
an equilibrium temperature. The flow of 
gas and the relative positions of the 
burner and the draft shield should then 
be so adjusted that the temperature of 
the inner surface of the bottom of the 
crucible reaches 800° ± 10°C. in 1.5 min. 
and 820° ± 5°C. in 2.5 min., after placing 
a crucible in position. These desired 
temperatures may usually be obtained by Fig. 31-30. Sight Tube, 

setting the draft shield so that the bottom 

of the crucible is approximately % in. above the burner grid, and then adjusting the 
gas flame. The crucible temperature should be determined by means of a thermo- 
couple of No. 28 gauge chromel-alumel wire and a potentiometer. The thermo- 
couple should be inserted through the pierced crucible lid so that the unprotected 
junction of tire thermocouple and a portion of each wire are in contact with the 
base of the crucible. 
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Procedure .— One gram of the prepared sample should be weighed in a cold 
crucible, and the coal leveled by lightly tapping the crucible 12 times on a solid 
surface, lotating it between taps. The crucible should then be covered with a 
lid and placed upright in the silica triangle supported in the draft shield, directly 
over the gas flame. The covered crucible should be heated in die gas flame for the 
time required for the flame of die burning volatile matter to die out, but in any 
case for not less than 2.5 min. The coke button should then be carefully removed, 
and die carbon residue remaining in the crucible removed by ignition. Four but- 
tons should be made in this manner for each sample of coal tested. 

Each coke button should be viewed through the sight tube and compared with 
the series of standard profiles shown in Fig. 31-31. The standard profile with 
which a button vs to be compared should be placed exactly in the center of the 
field of vision as viewed from die top of the tube. The button should then be 
placed on the profile and rotated on its axis until, as viewed with the eye placed 
immediately over the top of the tube, the maximum cross-sectional area is obtained. 
The number of die standard profile most nearly matched by the maximum cross- 
sectional area of die button should be recorded as the swelling index. If any button 
deviates by more than 1 unit from the other three buttons, a new determination 
should be made. 

Some coals give buttons that do not conform in shape to the standard profiles. 
For such coals, the maximum cross-sectional areas of the buttons may be measured, 
and the index determined from the relationship of the areas of the standard pro- 
files to swelling indexes as shown in Fig. 31-32. 92 For measuring the cross-sectional 
areas, the buttons may be mounted on graph paper ruled into square centimeters 
and square millimeters, and the outlines of the buttons traced on the paper while 
viewing through the sight tube shown in Fig. 31-30. The mounting of the buttons 
may be done conveniently by means of modeling clay. The squares inside the 
outline may be counted, and fractions of squares along the boundary line estimated. 

Report.— Report tile average swelling index of the series of four buttons, ex- 
pressed to the nearest one-half unit. 

If the residue is a powder or if the button is non-swollen (swelling index of 1) 
and pulverizes under a weight of 500 g. carefully lowered on it, designate the coal 
as ‘'nonagglomerating.” 


CLASSIFICATION OF COALS BY RANK 93 

These specifications cover the classification of coals by rank, that is, according 
to their degree of metamorphism, or progressive alteration, in the natural series 
from lignite to anthracite. 

Basis of Classification.— 'The basic scheme of classification is according to fixed 
carbon and calorific value (expressed in Btu) calculated to the mineral-matter-free 
basis. The higher-rank coals are classified according to fixed carbon on the dry 
basis; and the lower-rank coals according to Btu on the moist basis. Agglomerating 
and slacking indices are used to differentiate between certain adjacent groups. 

93 la ke care of buttons whose cross-sectional area is greater than that of standard 
pi qli I e J, the curve shown in Fig. 31-32 has been extended to include about 700 sq. nun-, 
which is the maximum cross-sectional area of the silica crucibles used in the test. 

»3 Under the standardization procedure of the Society, these specifications are under the 
Is 9 ooio ll0n l ^ le ^TM Committee D-5 on Coal and Coke. Standaidized as ASTM 
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Fig. 31-31. Full-Scale Standard Profiles and Corresponding Swelling Index Numbers. 
(Courtesy of British Standards Institution.) 



Fig. 31-32. Relationship of Areas of Standard Profiles to Swelling Indexes. 
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CLASSIFICATION BY RANK 

Classification by Rank, (a) Fixed Carbon and Btu. -Coals should be classified by 
rank in accordance with Table 31-8. Coals having calorific values o£ 14,000 Btu 
or more on the moist, mineral-matter-free basis, and coals having fixed carbon of 
69% or more on the dry* mineral-matter-free basis, should be classified according 
to fixed carbon on the dry, minerai-matter-free basis; coals having calorific values 
less than 14,000 Btu on the moist, mineral-matter-free basis should be classified 
according to Btu on the moist, mineral-matter-free basis, provided the fixed carbon 
on the dry, mineral-matter-free basis is less than 69%. 

( b ) Weathering Index.— Coals showing average weathering indexes of less than 
5% should be considered nonweathering; coals showing average weathering in- 
dexes of 5% or more should be considered weathering from the standpoint of 
classification. 

(c) Agglomerating Index .— Coals which in the volatile matter determination 
produce either an agglomerate button that will support a 500-g. weight without 
pulverizing, or a button showing swelling or cell structure, should be considered 
agglomerating from the standpoint of classification. 

Symbols for Expressing Classification.— (a) The position of a coal in the scale of 
rank may be expressed in condensed form as in the following example: 

(62 - 146) 

in which the parentheses signify that the contained numbers are on the mineral- 
matter-free basis. The first number represents fixed carbon on the dry basis, re- 
ported to the nearest whole per cent. The second number represents Btu on the 
moist basis, expressed as hundreds of Btu (to the nearest hundred); for example, 
14,580 Btu would be represented as 146. 

(b) When agglomerating or weathering properties enter into the classification 
of a coal, they should be expressed outside and immediately following the paren- 
thesis by the following symbols: 

ag — agglomerating 
na = nonagglomerating 
we = weathering 
nw = nonweathering 

(c) Classification by Grade and Rank .— When the classification of a coal is re- 
ported according to both grade and rank, die grade designation should follow the 
rank designation as illustrated in the following example: 

(62 - 146)* 4 x 2 in., 132 - A.8 - F24 - Sl.6 

Note.— The numbers in parentheses show the position of a coal in the scale of rank 
and are on the mineral-matter-free basis, as expressed in the first paragraph of this section. 
The numbers and symbols following the parenthesis show the position of a coal according 
to classification by grade expressed in accordance with the relevant section of the Specifi- 
cations for Classification of Coals by Grade (ASTM Designation: D389), and indicate a 
coal of lx 2-in. size designation, having a calorific value of approximately 13,200 Btu, 
an ash of 6.1 to 8.0%, inclusive, an ash-softening temperature of 2400 to 2590®F., inclusive, 
and a sulfur content of 1.4 to 1.6%, inclusive. 

Sampling. Bed Samples.— The classification of a coal bed, or part of a coal 
bed, in any locality should be based on the average analysis and calorific value 
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Table 31-8. Classification of Coals by Rank 0 


Legend: FC = Fixed Carbon VM = Volatile Matter Btu - British thermal umts 


Class 

Group 

Limits of Fixed Carbon 
or Btu Mineral-Matter- 
Free Basis 

Requisite 

Physical 

Properties 

I. Anthracitic 

1. Meta-anthra- 

cite 

2. Anthracite 

3. Semianthracite 

Dry FC, 98% or more (Dry 
VM, 2% or less) 

Dry FC, 92% or more and 
less than 98% (Dry VM, 
8% or less and more than 
2%) 

Dry FC, 86% or more and 
less than 92% (Dry VM, 
14% or less and more than 
8%) 

Nonagglomerat- 
ing 4 

II. Bituminous d 

1. Low volatile 
bituminous coal 

2. Medium vola- 

rile bitumi- 
nous coal 

3. High volatile A 

bituminous 

coal 

4. High volatile B 

bituminous 

coal 

5. High volatile C 

bituminous 

coal 

Dry FC, 78% or more and 
less than 86% (Dry VM, 
22% or less and more than 
14%) ^ 

Dry FC, 69% or more and 
less than 78% (Dry VM, 
31 % or less and more than 
22%) 

Dry FC, less than 69% (Dry 
VM, more than 31 %); and 
moist' Btu, 14,000" or 
more 

Moist" Btu, 13,000 or more 
and less than 14,000 ® 

Moist Btu, 11,000 or more 
and less than 1 3,000 * 

Either agglom- 

erating or non- 
weathering s 

III. Subbituminous 

1. Subbituminous 

A coal 

2. Subbituminous 

B coal 

3. Subbituminous 

C coal 

Moist Btu, 11,000 or more 
and less than 1 3,000 * 

Moist Btu, 9500 or more and 
and less than 11,000 " 

Moist Btu, 8300 or more and 
less than 9500 * 

Both weathering 
and nonag- 
glomerating 

IV. Lignitic 

1. Lignite 

2. Brown coal . . . . 

Moist Btu, less than 8300 
Moist Btu, less than 8300 

Consolidated 

Unconsolidated 


° This classification does not include a few coals which have unusual physical and chemical 
properties and which come within the limits of fixed carbon or Btu of the high-volatile bitumi- 
nous and subbituminous ranks. All of these coals either contain less than 48% dry, mineral- 
matter-free fixed carbon or have more than 15,500 moist, mineral-matter-free Btu. 

b If agglomerating, classify in low-volatile group of the bituminous class. 

c Moist Btu refers to coal containing its natural bed moisture but not including visible water 
on the surface of the coal. 

J It is recognized that there may be noncoking varieties in each group of the bituminous 
class. 

* Coal5 having 69% or more fixed carbon on the dry, mineral-matter-free basis shall be 
classified according to fixed carbon, regardless of Btu. 

/ T herc arc ‘hree varieties of coal in the high-volatile C bituminous coal group, namely: 
Variety 1, agglomerating and non weathering; Variety 2, agglomerating and weathering’ 
Variety a, nonagglomerating and nonweathering. 
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(and agglomerating and weathering index where required) of not less than three 
and preferably five or more face samples taken in different and uniformly distrib- 
uted localities, either within the same mine or closely adjacent mines represent- 
ing a continuous and compact area not greater than approximately four square 
miles in regions of geological uniformity. In regions where conditions indicate 
that the coal probably varies rapidly in short distances, the spacing of samples and 
grouping of analyses to provide average values should not be such that coals of 
obviously different rank will be used in calculating average values. 

The samples should be taken in accordance with the U. S. Bureau of Mines 
method °* or its equivalent, and shall be placed in moisture-tight containers in 
the mine. 

Analyses of samples from outcrops or from weathered or oxidized coal should 
not be used for classification by Tank. 

In case the coal is likely to be classified on the “moist” basis, that is, containing 
the natural bed moisture, the samples should be taken at freshly exposed faces 
which are free from visible surface moisture if possible. Samples of low-rank 
coals which appear dry at the time of collection frequently give off moisture 
which condenses on the inner surface of the sample containers before they are 
opened for analysis. In the case of coals which were free from visible surface 
moisture when sampled, but which show moisture on the inner surface of the 
containers when opened, both the container and the coal should be weighed be- 
fore and after air-drying, and the total loss in weight should be reported as air- 
drying loss. 

If it is impossible to sample the coal without including visible surface moisture, 
and the coal is likely to be classified on the “moist” basis, the sampler should in- 
clude the following statement in the description: “Sample contains surface mois- 
ture.” Samples so marked should not be used for classification on a moist basis 
unless brought to a standard condition of moisture equilibrium at 30°C. in a 
vacuum desiccator containing a saturated solution of potassium sulfate (97% hu- 
midity) as suggested by Stansfield and Gilbart. 85 Analyses of such wet samples 
which have been treated in this manner shall be designated as “wet samples 
equilibrated at 30°C. and 97% humidity.” 

Tipple or Shipment Samples.— The classification of "run of mine” coal and 
prepared sizes of coal should be based on representative samples taken in accord- 
ance with the Methods of Sampling Coals Classed According to Ash Content 
(ASTM Designation: D492, p. 1137). 

In case the coal is likely to be classified on the “moist” basis, the samples should 
be taken at the tipple or preparation plant and protected against loss of moisture 
as specified in the relevant section of Methods D492. Samples which appear dry 
at the time of collection shall be handled in accordance with the fourth para- 
graph of tlie section above on sampling to ensure correct determination of total 
air-drying loss. Samples which have visible surface moisture on the coal when 
sampled, and which are likely to be classified on the "moist” basis, shall be marked 
by the sampler, equilibrated, and the analyses designated in accordance with the 
fifth paragraph of the section above on sampling. 

»<J. A. Holmes, The Sampling of Coal in the Mine, U. S. Bureau of Mines Technical 
Paper No. 1, 1918. 

Edgar Stansfield and K. C. Gilbart, Moisture Determination for Coal Classification, 
Transactions, Am. Inst. Mining and Metallurgical Engrs., Coal Division, p. 125, 1932. 
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co'^s shall be determined by the U. S. Bureau of Mines methods- modified with 
respect to the selection of a standard humidity. _ Briefly, the test consists of air- 
drying 500 to 1000 g. of approximately 1- to 1.5-m. lumps at a temperature o 
30° t o 35°C. and a humidity of 30 to 35% for a period of 24 hr and then immers- 
ing the lumps in water for 1 hr., the water then being drained off, and the sam- 
ple attain air-dried for 24 hr. The amount of disintegration is determined by 
sieving on an 8-in. wire-mesh sieve with 0.263-in. square openings, and weighing 
the quantity of coal passing (undersize) and that retained on (oversize) the sieve. 
The percentage of coal passing the sieve (undersize), after deducting a blank siev- 
in' 1 ' test, is the weathering or slacking index of the coal. 

Agglomerating Index.-The coke-button grading test 87 afforded by the examina- 
tion of the residue in the platinum crucible incident to the volatile matter de- 
termination should be used. 

Calculation to Mineral-Matter-Free Basis. Calculation of Fixed Carbon and 

For classification of coal according to rank, fixed carbon and Btu should be 

calculated to the mineral-matter-free basis in accordance with either the Parr for- 
mulas, 08 Eqs. (1), (2), and (3), or the approximation formulas, Eqs. (4), (5), and 
(6), given below. In case of litigation, the appropriate Parr formula should be used. 

Calculation from “moist” basis: 

Farr Formulas: 


Dry, Mm-f fee FC = 


FC — 0.155 


100 - (M + 1.084 + 0.555) 
Dry, Mm - free FM = 100 — Dry, Mm - free FC 

y 

Btu - 505 


X 100 


Moist, Afm-f fee Btu = 


100 - (1.084 + 0.555) 


X 100 


( 1 ) 

( 2 ) 

( 3 ) 


Note.— The above formula for fixed carbon is derived from the Parr formula for volatile 
matter. 


A pproximation Formulas: 

Dry, Mm - free FC ~ 


FC 


100 - (M + 1.14 + 0.15) 
Dry, Mm - free Vm = 100 — Dry, Mm - free FC 

Btu 


X 100 


Moist, A/ni-frec Btu = 


100 - (1.14 -f 0.15) 


X 100 


( 4 ) 

( 5 ) 

( 6 ) 


80 4. C. Fleldncr, IV. A. Seivig, and W. H. Frederic, Accelerated Laboratory Test for 
Determination of Slacking Characteristics of Coal, U. S. Bureau of Mines Report of In- 
vestigations No. 3055, 1930. 1 

'->• R. E. Gilmore, G. P. Connell, and J. H, H. Nicolls, Agglomerating and Agglutinating 
I csts lor Classifying Weakly Caking Coals, Transactions, Am. Inst. Mining and Metallur- 
gical Engrs., Coal Division, 108, p. 255, 1931. 

S. W. Parr, The Classification of Coal, Bulletin No. 180, Engineering Experiment 
Million University of Illinois, 1928. ' 
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•where Aim = mineral matter, 

Btu = British thermal units, 

FC = percentage of fixed carbon, 

VM = percentage of volatile matter, 

M = percentage of moisture, 

A = percentage of ash, 

A 1 = percentage of sulfur, and 

Moist refers to coal containing its natural bed moisture, but not including vis- 
ible water on the surface of the coal. See section on sampling, p. 1256. 

Modification for Coals High in Carbonate.— In case of controversy, samples con- 
taining more than 1.0% of carbon dioxide occurring as carbonates shall be either 
(I) crushed to pass through an 840-micion (No. 20) sieve and floated on a heavy 
liquid of such specific gravity as to reduce tire carbon dioxide occurring as car- 
bonate to 1.0% or less on a dry basis, provided, however, that the recovery of 
float coal shall be not less than 75%; or (2) shall be analyzed for mineral matter 
according to the Parr method 00 for coals with high calcium carbonate content, 
modified by heating the suifated ash at 750°C. to constant weight to ensure ex- 
pulsion of excess sulfur trioxide. 100 In case of litigation, method (/) shall be used. 


SAMPLING COKE FOR ANALYSIS 101 

It is imperative that every sample be collected and prepared carefully and con- 
scientiously and in strict accordance with the standard procedure described herein, 
for if the sampling is improperly done, the sample will be in error, and it may 
be impossible or impracticable to take another sample; whereas, if an analysis is in 
error, another analysis can readily be made of die original sample. 

Gross samples of not less than the quantities designated in this method must be 
taken whether the coke to be sampled consists of a few tons or several hundred 
tons in order to minimize the effect of the chance inclusion or exclusion of too 
many or too few pieces of nonrepresentative material. 

Sample jor All Determinations Except Total Moisture. Place of Sampling.— 
The coke should be sampled while it is being loaded into or unloaded from rail- 
road cars, ships, barges, or trucks, or when discharged from supply bins, railroad 
cars, grab buckets, or other coke-conveying equipment. 

Samples collected from the surface of coke in piles, bins, cars, ships, or barges 
are, in general, unreliable because of size segregation and should not be used for 
determining conformance to specifications unless the purchaser and the seller so 
agree. In case it is necessary to collect a sample of coke from the surface of loaded 
shipments, nine equal increments should be taken about I ft. below the surface. 
1 lie nine sampliug points should be located as shown in Fig. 31-33. 

Size of Increments.— To collect samples, a shovel or specially designed tool or 
mechanical means should be used for taking equal portions or increments. The 

09 S. W. Parr, Chemical Study of Illinois Coal, Illinois Coal Mining Investigations, State 
Geological Survey, Urbana, 111., Bulletin No. 3, p. 35, 1916. 

300 O. W. Rees, Determining Ash in High Carbonate Coals. Study of the Modified 
Method, Industrial and Engineering Chemistry, Analytical Edition, 9, pp. 307-309, 1937. 

101 Under the standardization procedure of the Society, this method is under the juris- 
diction of the ASTM Committee D-5 on Coal and Cohe. Standardized as ASTM D346-35. 
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sample should consist of not less than 25 nor more than 50 increments of 
approximately equal quantity, except that when samples are collected from the 
surface of loaded shipments die gross sample should consist of 9 increments of 
approximately equal quantity. 



Collection of Gross Sample.— The increments should be regularly and system- 
atically collected, so that the entire quantity of coke sampled will be represented 
proportionately in the gross sample, and with such frequency that a gross sample 
of the required amount will be collected. The standard gross sample should be 
not less than the quantities given in the following table: 

Minimum 
Weight 
of Gross 
Samples, 
lb. 

Run-of-oven, blast-furnace, foundry, water-gas, and any 
coke containing a range of size of pieces made from un- 
crushed or coarsely crushed coal, fc except coke breeze. . 500 ° 

Run-of-oven, blast-furnace, foundry, water-gas, and any 
coke containing a range of size of pieces made from 


crushed coal/ except coke breeze 250 ° 

Closely-sized coke made from uncrushed or coarsely 

crushed coal b free of coke breeze 250 ° 

Closelv-sized coke made from crushed coal c free of coke 

breeze 125° 

Coke breeze (all passing a h or ^--in. square-hole sieve). . 125 


11 In case the pulverization of the coal is not known, take quantities designated for coke made 
from ttnerushed or coarsely crushed coal. 

s More than 10% on a [-in. square-hole sieve. 

■' - N 'ot less than 90% passing through a 1-in. square-hole sieve. 

Quantity Represented.— A gross sample should be taken for each 250 tons or 
fraction thereof, or in case of larger tonnages, for such quantities as may be 
agreed upon. Each lot of coke arising from a different source or known to be of 
iltilereiu quality or si/e should be sampled separately. 
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Crushing Sample.— The entire gross sample should be crushed, mixed, and re- 
duced in quantity to convenient size for transmission to the laboratory. The 
sample should be crushed preferably by means of jaw or roll crushers, or in case 
mechanical crushing means are not available, the coke sample should be crushed 
on a chilled-iron or hard-steel plate by impact of a tamper, hard bar, or sledge, 
avoiding all rubbing action as otherwise die ash content may be materially in- 
creased by the addition of iron from the sampling apparatus even though hard- 
ened iron or steel is used. The crushing should be done under sucli conditions 
as will present loss of coke or accidental admixture of foreign matter. Samples of 
the quantities indicated in Table 31-9 should be crushed so that no pieces of 
coke and impurities will be greater in dimension, as judged by eye, than specified 
for the sample before division into two approximately equal parts. 

The method of reducing by hand the quantity of coke in a gross sample should 
be carried out as described in the following section, even should the initial size 
of coke and impurities be less than indicated in Table 31-9. 

Table 31-9. Weights of Coke Samples with Corresponding Crushing Sizes 

Largest Size of Coke 
and Impurities 

Weight of Sample Allowable in Sample 

to be Divided, lb. Before Division , in. 

250 or over 1 

125 £ 

60 | 

30 £ 

Mixing aud Reduction. 102 The progressive reduction in the weight of the 
sample to the quantities indicated in Table 31-9 should be done by the following 
methods, which are described and illustrated in Fig. 31-34. 

The alternate-shovel method of reducing the gross sample should be repeated 
until the sample is reduced to approximately 125 lb., and care should be observed 
before each reduction in quantity that the sample has been crushed to the fine- 
ness specified in Table 31-9. 

The crushed coke should be shoveled into a conical pile (see Fig. 31-34) by 
depositing each shovelful of coke on top of the preceding one, and then formed 
into a long pile in the following manner: The sampler should take a shovelful of 
coke from the conical pile and spread it out in a straight pile having a width equal 
to the width of the shovel and a length of 5 to 10 ft. The next shovelful should 
be spread directly over the top of the first shovelful, but in die opposite direction, 
and so on back and forth, the pile being occasionally flattened, until all the coke 
has been formed into one long pile. The sampler should then discard half of 
this pile, proceeding as follows: 

Beginning on one side of the pile, at either end, and shoveling from the bottom 
of the pile, die sampler should take one shovelful and set it aside; advancing 

102 This figure was formerly part of the Standard Method of Sampling Coal for Analysis 
(ASTM Designation: D21) now superseded by the Standard Methods of Sampling Coals 
Classed According to Ash Content (ASTM Designation: D492), see p. 1137; it is included 
here to illustrate the alternate shot el, coning, and quartering method or reducing samples 
by hand. 
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3 long the side o£ the pile a distance equal to the width of the shovel, he should 
take a second shovelful and discard it; again advancing in the same direction one 
shovel width, he should take a third shovelful and add it to the first. The fourth 
should be taken in a like manner and discarded, the fifth retained, and so on, the 
sampler advancing always in the same direction around the pile so that its sue 
will be gradually reduced in a uniform manner. When the pile is removed, about 
half of the original quantity of coke should be contained in the new pile formed 
by the alternate shovelsful which have been retained. 

After the gross sample has been reduced by the alternate-shovel method to ap- 
proximately 125 lb., further reduction in quantity should be by the quartering 
method. Before each quartering, the sample should be crushed to the fineness 
specified in Table 31-7. 

Quantities of 60 to 125 lb. should be mixed thoroughly by coning and reconing; 
quantities less than 60 lb. should be placed on a suitable cloth, measuring about 
6 by 8 ft., mixed by raising first one end of the cloth and then the other, so as to 
roll the coke back and forth, and after being mixed thoroughly should be formed 
into a conical pile by gathering together the four corners of the cloth. The 
quartering of the conical pile should be done as follows: 

The cone should be flattened, its apex being pressed down and worked outward 
by means of a shovel, so that after the pile has been quartered, each quarter will 
contain the material originally in it. The flattened mass, which should be of 
uniform thickness and diameter, should then be marked into quarters by two lines 
that intersect at right angles directly under a point corresponding to the apex of 
the original cone. The diagonally opposite quarters should then be shoveled 
away and discarded and die space that they occupied brushed dean. The coke re- 
maining should be crushed, mixed, coned, and quartered successively until the 
sample is reduced to approximately 30 lb. 

The 30-lb. quantity should be crushed to K-in. size, mixed, coned, flattened, and 
quartered. The laboratory samples should include all of one of the quarters, or all 
of the two opposite quarters, as may be required. The laboratory sample should 
be placed immediately in a suitable container and sealed in such a manner as to 
preclude tampering. 

Reduction by Mechanical Means.— Only such riffles or other mechanical means as 
will give equally representath e samples should be used in substitution for the 
hand method of reduction in quantity herein standardized. 

Sample for Determination of Total Moisture. Sample for Total Moisture.— For 
determining total moisture, a special moisture sample weighing approximately 50 
lb. should be taken, except in the case of coke breeze, in which case the moisture 
sample should weigh approximately 25 lb. The moisture sample should be taken 
when the coke is being loaded or unloaded as the case may be, and should be ac- 
cumulated by placing In a waterproof receptacle with a tight-fitting lid small equal 
parts of the freshly-taken increments of the standard gross sample described under 
Size Groups (p. 1139). The special moisture sample, without any preliminary 
mishing, should preferably be dried to constant weight at a temperature of not 
less than 101® nor more than 200*C. 103 In case it is impracticable to dry die 
entire sample, the following procedures may be used: 

wa Experiments made at the U. S. Bureau of Mines hate shown that results checking 
''‘dun 05^ are obtained between these temperature limits. See A. C. Fieldner and 
U. A. Sebig. The Determination of Moisture in Coke, V. S. Bureau of Mines Technical 
Paper No. 1-18, 1917. 
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For Coke Appearing Dry.-The special moisture sample should be crushed 
rapidly to 0.5-in. size and reduced mechanically or by hand to about a 5-lb. quan- 
tity, which should be immediately placed in a container and sealed airtight and for- 
warded to the laboratory without delay. 

For Coke Appearing Wet.-The special moisture sample should be spread on 
tared pans, weighed, and air-clried or dried in a warm place or on a warm or heated 
surface until the coke appears dry, and weighed again. The sampling should be 
completed as described in the preceding paragraph for coke appearing dry. This 
loss in weight divided by weight of sample, multiplied by 100, is the percentage of 
air-drying loss and should be corrected as follows for the moisture found in the 
sample sent to the laboratory: 


TM 


-( 


100 


100 


) 


X M + L 


where TM = percentage total moisture of the coke as received, 

L — percentage of air-drying loss, and 
M = percentage moisture in the air-dried sample. 

Report.-Since in the report of the analysis, a brief description should be given 
of the method of taking the sample, by such characteristic expressions as “belt sam- 
ple,” “top-of-car,” etc., information as to how the sample is taken should be in- 
cluded in the description which accompanies the sample sent to the laboratory. 


VOLUME OF CELL SPACE OF LUMP COKE 104 

The percentage by volume of cell space of lump coke shall be calculated from 
the apparent specific gravity of the moisture-free lump coke and the true specific 
gravity of moisture-free coke passing a 74-micron (No. 200) sieve, as follows: 


Cell space, % by volume = 100 — 100 


( 


apparent sp. gr. 
true sp. gr. 


) 


APPARENT SPECIFIC GRAVITY 

Apparatus .— The apparatus for the determination of the apparent specific gravity 
of coke consists of the following: 

(a) A suitable container not smaller than approximately 13 in. in height, 22 in. 
in length, and 11 in. in width, or of equivalent size, provided with a spout con- 
sisting of a short 0.5-in. nipple extending horizontally from the container about 
2.5 in. below the top. 


Note.-A wash boiler of suitable size to which a spout has been soldered answers the 
above description. 


(b) A wire cage or basket of about 0.5-in. square-mesh screen wire cloth provided 
with a cover and two long handles, suitable for holding the entire sample of coke 
and so made as to fit inside the container below the spout. 

(c) A 3-gallon bucket or other vessel suitable for receiving the displaced water 
(rf) A pan about 15 in. square and 3 in. in height or the equivalent for contain- 
ing the coke during the determination of its weight. 


di 


10 ;‘ Under the standardization procedure of the Society, this method 
ction ol the ASTM Committee D-5 on Coal and Coke. Standardized 


is under the juris- 
as ASTM D 167-24, 
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(e) A scale sensitive to 0.5 oz. 

Sampling. Unit for Sampling.— Each carload or its equivalent should be con- 
sidered a unit for sampling. 

Sampling at Source.— If the porosity test is desired on run-of-oven coke, the 
sample should be collected from the coke wharf in the case of by-product coke, 
while samples of beehive coke should be collected as the coke is drawn from the 
ovens. 

By-Product Coke .— About 50 lb. of representative pieces of coke should be selected 
from the coke wharf for each test. This is best accomplished by dividing die coke 
on the wharf into approximately equal areas and selecting an equal number of 
pieces from each area. Each piece selected should be approximately equal in 
length to one-half of the width of the coke ovens, and should show a "cauliflower” 
end produced at the walls of die ovens, and an "inner’' end produced at the cen- 
ter of the ovens. 

Beehive Coke .— About 50 lb. of representative pieces of coke should be selected 
for eacii test as the coke is drawn from the ovens. This is best done by selecting 
full-length pieces, or their equivalent, as the coke is being drawn from previously 
determined points in the oven, so that they include pieces from the front, sides, 
center, and back. If the individual pieces as taken from the ovens are too large 
and bulky, the 50-lb. sample should be collected by removing three small nieces 
from each large piece— one eacii from the top, the middle, and the bottom. The 
sample finally collected should be composed of an equal number of pieces showing 
top, middle, and bottom. 

Sampling at Delivery.— If the porosity test is desired on coke for furnace or cupola 
use, the sample should be representative of the material in question and collected 
at the place of delivery. 

By-Product and Beehive Coke .— The sample is best collected as the coke is 
delivered from the railroad cars into the bins. This may be accomplished by 
inserting a scoop of 10- to I5-lb. capacity in the coke stream at regular intervals dur- 
ing the period of unloading. The sample collected should be large enough to 
give about 50 lb. of coke pieces, none of which would in any position pass through 
a 1-in. square-mesh sieve. 

Note.— S ince the cage or basket is of 0.5-in. square-mesh screen wire cloth, it is necessary 
to have pieces that will remain In the cage when it is removed from the water. 

As it is very difficult to collect a representative sample from coke exposed in 
bins and cars, care should be taken to take pieces representing the entire exposed 
area, if sampling must be done in this manner. This is best accomplished by 
dividing the exposed surface to be sampled into approximately equal areas, and 
selecting an equal number of pieces from each area. A 50-lb. sample of repre- 
sentative pieces should be collected, none of which should in any position pass 
tli rough a 1-in. square-mesh sieve. 

Procedure .— Select about 25 lb. of coke from the sample so that it is representa- 
tive of the material under consideration with regard to size, shape, and general 
appearance.^ Dry the coke to constant weight at a temperature of from 105° to 
200°C. Weigh the coke when cool, after shaking and brushing off any adhering 
dust, 

Flace^ a cork in the spout of the container, which has been placed on a level 
and rigid base or floor. After the empty cage has been placed into the container, 
pour water at room temperature into the container until the water level is above 
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the snout After the water has come to rest, remove the cork from the spout and 
permit tire excess water to drain out for 1 minute after the overflow stream starts 
to discharge drop by drop. Then replace the cork and remove the cage from the 
water, care being taken to shake all adhering water back into the container. Then 
place die weighed dried coke sample into the cage and after fastening the cover, 
lower the cage containing the coke into die water. 

Note.— I f there is not sufficient capacity in the container above the spout to retain the 
displaced water, some of the water may be drawn off into a weighed bucket, or other 
suitable vessel, by removing the cork from the spout while the coke is being ioweied. 

Permit the cage to remain in the water for 15 minutes, with occasional shaking 
to detach any air bubbles adhering to the surface of the coke, care being taken not 
disturb the position of the container. At the end of the 15-minute period, during 
which the coke shall have been completely submerged at all times, remove the cork 
after the water has come to rest, and permit the displaced water to drain into a 
weighed bucket or other suitable vessel for 1 minute after the overflow stream 
starts to discharge drop by drop. Replace the cork, remove the cage containing the 
coke from the water and permit it to drain for 1 minute. Remove the wet coke 
from the cage and weigh it. 

Determine the weight of the displaced water, which has been caught in the bucket. 

Calculation.— The apparent specific gravity shall be calculated from the formula: 


Apparent specific gravity = 


A 

B+(C- A) 


where A = weight of dry coke, 

B — weight of water displaced by wet coke, and 
C = weight of wet coke. 


TRUE SPECIFIC GRAVITY 

Apparatus .—' The apparatus for the determination of the true specific gravity 
of coke passing a 74-micron (No. 200) sieve shall consist of a Hogarth’s specific 
gravity bottle with side tubulure, having a capacity of about 100 ml. The bottle 
should be accurately calibrated so that a table may be constructed giving the 
contents of the bottle at the room temperatures likely to occur in the laboratory. 

Note.— This may be done conveniently from data in tables of corrections for determin- 
ing the true capacities of glass vessels from the weight of water in air, as given in National 
Bureau of Standards Circular No. 19, pp. 52-56, 1916. 


ProcetZure.— Carefully introduce a 10-g. portion of 200-mesh coke which has been 
previously dried for 1 hr. at 105°C„ into the specific gravity bottle with a sufficient 
quantity of distilled water to fill the bottle about one-half full. Then place the 
bottle on a hot plate and keep the contents boiling for 1 hr., the specific gravity 
botde being shaken frequently so as to wash down any coke adhering to the sides 
Remove the bottle from the plate, after boiling for 1 hr., fill it to the tubulure 
widr recently boiled and cooled distilled water, and insert the stopper. Permit 
the bottle to stand until the contents have cooled to room temperature (see Note 
1, below), then fill the bottle to slightly above the mark on the capillary of the 
stopper with recently boiled distilled water which has been cooled to room temper 
uture (see Note below). Adjust the water level to the mark on the capilla^by 
touching a piece of filter paper to the end of the tubulure. Then wipe the bottle 
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dry and weigh it immediately. Immediately after the weighing, remove the stopper 
and take the temperature of the contents. 

Note 1— Cooling may be hastened by placing the bottle in water. 

Note 2.— This is conveniently done by insetting the end of the tubulure in a small 
beaker of the distilled water and applying a slight suction on the stopper. 

Calculation.— The true specific gravity shall be calculated from the formula: 

\V 

True specific gravity = - JjyT—p ] 

where IV <= weight in grams of dry coke, 

\y' = weight in grams of the bottle and the dry coke and water required to fill it, 
p = weight in grams of the bottle and the water required to fill it. 

Reproducibility of Results.— The differences in duplicate determinations of true 
specific gravity shall not be more than the following: 


Same analysts. 0.01 

Different analysis 0.02 


DROP SHATTER TEST FOR COICE 105 

This method of drop shatter test is intended for determining the property of 
coke to withstand breakage when subjected to handling at the source and during 
transit to the consumer. 

Apparatus. Shatter Test Machine.— The shatter test machine consists of a box 
18 in. in width, 28 in. in length, and approximately 15 in. in depth, supported 
abo\e a rigidly mounted cast-iron or steel plate, not less than 0.5 in. in thickness, 
38 in. in width, and 48 in. in length. The inside of the bottom of the box should 
be 6 ft. above the plate. The bottom of the box should consist of two doors hinged 
lengthwise and latched so that they will swing open freely and not impede the fall 
of the coke. Boards about 8 in. in height should be placed around the plate so 
that no coke is lost. To prevent the breakage of coke, which may occur while 
placing the sample in the box, die box should be constructed so that it can be 
lowered to a convenient level, which is best done by means of a pulley and 
counter-weight. A convenient form of shatter test machine is shown in Fig. 31-35. 

Sieves.— For determining the breakage of coke, square-mesh sieves of the following 
sires should be used: 2, 1.5, 1, and 0.5-in. The sieves shall conform to the Specifi- 
cations for Sieves for Testing Purposes (ASTM Designation: Ell, p. 1277), ex- 
cept that circular sieves 2 ft. in diameter are satisfactory. 

Sampling. Unit for Sampling.— Each carload or its equivalent should be con- 
sidered a unit for sampling. 

Sampling at Source.— If the shatter test is to be used to indicate the probable 
breakage of coke on handling, the sample should be taken before the coke is sub- 
jected to possible breakage resulting from screening and loading into cars. 
the case of by-product coke, the sample should be collected from the coke wharf; 
samples of beehive coke should be collected as the coke is drawn from the ovens. 

By-Pi oduct Coke .— About 75 lb. of representative pieces of coke, none of which 
would in any position pass through a 2-in. square-mesh sieve, should be selected 

ids Under the standardization piocedure of the Society, this method is under the juris- 
diction of the ASTM, Committee D-5 on Coal and Coke. Standardized as D HI-48. 
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from the coke wharf for each test. This is best accomplished by dividing the coke 
on the wharf into approximately equal areas and selecting an equal numb 1 
pieces 6 from each Jl Each piece selected should be approximately equal in 



lengdi to one-half the width of the coke-ovens, and shall show a “cauliflower” end 
produced at the walls of the ovens and an “inner” end produced at the center of 
the ovens. 

Beehive Coke .— About 75 lb. of representative pieces of coke should be selected 
for each test as the coke is drawn from the ovens. This is best done by selecting 
full-length pieces or their equivalent as the coke is being drawn from previously 
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determined points in the oven, so that they include pieces front the front, sid^s, 
center, and back. If the individual pieces as taken from the ovens are too large 
and bulky, the 75-lb. sample should be collected by removing three small pieces 
from each large piece— one each from the top, the middle, and the bottom. The 
sample finally collected should be composed of an equal number of pieces showing 
top, middle, and bottom. None of the pieces comprising the sample should in any 
position pass through the 2-in. square-mesh sieve. 

Sampling at Delivery.— If the shatter test is to be used to indicate the fitness of 
the coke for furnace or cupola use, the sample should be collected at the place 
of delivery. 

By-Product and Beehive Coke .— The sample is best collected as the coke is 
delivered from the railroad cars into the bins. This may be accomplished by in- 
serting a scoop of 10- to 15-lb. capacity in the coke stream at regular intervals dur* 
ing the peiiod of unloading. The sample collected should be large enough to 
give about 75 lb. of coke pieces, none of which would in any position pass through 
a 2-in. square-mesh sieve. 

As it is very difficult to collect a representative sample from coke exposed in bins 
and cars, cate should be taken to take pieces representing the entire exposed area, 
if sampling must be done in this manner. This is best accomplished by dividing 
the exposed surface to be sampled into approximately equal areas, and selecting 
an equal number of pieces from each area. A 75-lb. sample of representative pieces 
should be collected, none of which shall in any position pass through a 2-in. 
square-mesh sieve. 

Procedure.— Place about 50 lb. of the sample in the box of tire coke shatter test 
machine, level the coke, raise the box, and drop the coke four times on the plate, 
the small material produced being returned each time to the box with the large 
coke. To prevent breakage of the coke, lower the box to a convenient height 
when transferring the sample into it. After the fourth drop, run the material 
successively through the 2-in., 1.5-in., l-in„ and 0.5-in. sieves. The coke should 
be sieved in such increments as will allow all pieces to be in direct contact with 
the sieve openings. 

In sieving, care should be taken to prevent breakage of the coke pieces. Shake 
the sieve gently until all of the pieces are in direct contact with the meshes. Weigh 
die coke remaining on each sieve and that which passes through separately. If 
the sum of these weights shows a loss of over 1%, reject the test and make another 
test. 

Report.— The results of the shatter test should be reported as follows: 


Passing 

2-in. sieve 
1.5-in. sieve 
1-in. sieve 
0.5-in, sieve 


Retained on Per Cent 

2-in. sieve 

1.5-in. sieve 

1-in. sieve 

0.5-in. sieve 


Since the average probable error of a single shatter test determination is ap- 
pioximately 2%, it is advisable to make several tests and report the average result. 



GOAL AND COKE 


1271 


TUMBLER TEST FOR COKE 106 


This tumbler test is a relative measure of the resistance of the coke to degrada- 
tion by abrasion. The results obtained are influenced by the effect of impact. 

Abbaratus. Tumbler Machine.-The tumbler machine consists of a circular 
steel drum 36 in. in inside diameter and 1 8 in. in inside length made of plate at 
least Vi in. in thickness. Two equally spaced 2 by 2 by %- in. angles should be 
riveted longitudinally inside the drum. These angles should be riveted to the shell 
so that the attached legs point away from the direction of rotation, thus giving 
a clear unobstructed shelf for lifting the coke. To provide for rotating the drum, 
it should be mounted on a horizontal steel shaft 1.5 in. in diameter passing 
through the drum. An opening should be provided, preferably in the shell, for 
introducing and removing the sample. During the test, the cover should be 
rigidly fastened to the shell and shall be so constructed as to fit into the shell in 
order to have a smooth inner surface. 

Sieves. 107 — For sizing the sample for test, square-mesh sieves having 2-in. and 3- 
in. actual openings between the wires should be used. For sieving the coke after 
the tumbler test, square-mesh sieves having 2, 1.5, 1, 0.5, and 14-in. actual openings 
between the wires should be used. The sieves shall conform to the Specifications 
for Sieves for Testing Purposes (ASTM Designation: Ell, p. 1277), except that 
sieves of heavy double-crimped wire with circular frames about 24 in. in diameter 
are satisfactory. 

Sampling .—' The gross sample collected should be sufficient to obtain approxi- 
mately 25 lb. of coke which will pass a 3-in. sieve and be retained on a 2-in. square- 
mesh sieve. This may be best accomplished by placing a container or scoop in the 
stream of coke and collecting small increments at regular intervals in order to ob- 
tain a representative sample of the entire quantity of coke under consideration. 

Preparation of Sample.— Size the coke by sieving on 3-in. and 2-in. square-mesh 
sieves, without crushing the larger pieces, in order to obtain a sample that will 
pass the 3-in. sieve and be retained on the 2-in. sieve. In sizing the sample, up-end 
each piece of coke on the sieve by hand to determine whether in any position it 
passes the sieve. If a large proportion of the pieces are larger than 3 in. it will 
be necessary to break out representative smaller pieces of the desired size. This 
should be accomplished without shattering the coke pieces and may often be done 
with a heavy screw driver by prying apart at fracture cracks. 

Procedure .— Accurately weigh approximately 22 lb. (10 kg.) of the coke sample 
which has been sized in accordance with the preceding section, and previously dried 
at 104° to 200°C., and place it in the drum of the tumbler machine. Rigidly 
fasten the cover and rotate the drum at 24 ± 1 r.p.m. for a total of 1400 revolutions. 
Then remove all of the coke from the drum and sieve it, using the following 
square-mesh sieves: 2, l.o, 1, 0.5, and 14-in. Up-end each piece of coke retained on 
the 2-i n. sieve by hand to determine whether in any position it passes the 2-in. sieve. 
Shake the coke passing the 2-in. sieve rather vigorously on each succeeding sieve 


^oder [ he standardization procedure of the Society, this method is under the iuris- 
dtction of the ASTM Committee D-5 on Coal and Coke. Standardized as ASTM D294-50. 

> Users attention is called to the fact that yields of certain sizes as determined by use 
of the specified screens cannot be compared directly with results obtained by usin°- screens 
?. S . S .P' afied P"" *? 1950 revision. An important example occurs in the ^ ^ 
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in order to up-end the pieces until practically no more coke will pass through the 
openings. Weigh separately the coke retained on each sieve and that which passes 
through the smallest sieve used. Make the weighings to the nearest 1 g. 

Report.—' The sieve analysis after the tumbler test shall be reported in cumulative 
percentages to the nearest 0.1%, as follows: 

Total Retained On Per Cent , Cumulative 

2-in. sieve 

1.5-in. sieve 

1-in. sieve (Stability Factor) ° 

0.5-in. sieve 

J-in. sieve (Hardness Factor) a 

° The percentage of coke retained on the 1-in. sieve has been designated the stability factor 
and the percentage retained on the 1-in. sieve as the hardness factor as indicated in the report 
of the sieve test in the above table. 

SIEVE ANALYSIS OF COKE 

Sieves*— Square-hole sieves of the following sieve openings 109 conforming to die 
Tentative Specifications for Sieves for Testing Purposes (ASTM Designation: Ell, 
p. 1277) should be used: 


Size 

Sieve Opening, in. 

3360 micron (No. 6) . . . . 

0.132 

4760 micron (No. 4) ... . 

0.187 

4 in 

0.250 

f in 

0.375 

5 in 

0.500 

4 in 

0.750 

1 in 

1.00 

in 

1.50 


2.00 


3.00 

4 in 

4.00 


For sizes of coke smaller than 2 in., sieves of double-crimped wire with circular 
frames about 18 in. in diameter arc satisfactory. For coke 2 in. and larger in size, 
it is more convenient to use sieves square or rectangular in shape of heavy, double- 
crimped wire, hav ing an area of 6 to 9 sq. ft. These larger sieves may be mounted 
so as to slide like draweis, in a rack, with a pan at the bottom. 

Sampling.— For collecting samples of coke, the procedure described in the relevant 
sections of the Standard Methods of Sampling Coals Classed According to Ash Con- 
tent (AS1M Designation: D192, p. 1137) should apply in general. The weight 
of the sample selected for the sieve analysis determination depends upon the size 
and character of the coke and shall conform to the following: 

ioi L’ ruler the slandaidizatum pioccdtire of the Society, this method is under the juris- 
diction of the AS I M Committee D-5 on Coal and Coke. Standardized as D293-50. 

Cscrs attention is called to the fact that yields of certain sizes as determined by use 
of the specified screens cannot be compared di teeth with results obtained by using screens 
as specified prior to the 1950 revision. 
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Minimum Weight 
of Sample, lb. 


For run-of-oven coke and coke 1 in. and larger in size 

containing breeze 

For coke 1 in. and larger in size, free from breeze 

For coke smaller than 1 in. in size 


500 

200 

50 


It is extremely difficult to obtain truly representative samples of coke having a 
range of sizes. When the coke is on a belt conveyor the sample should be selected 
by stopping the belt at regular intervals and selecting increments in sections about 
3 ft. in length and the entire width of the belt, or when the coke is going over a 
pulley or coming down a chute the sample should be selected by inserting a con- 
tainer or scoop into the stream of coke at regular intervals so as to take increments 
of the full width and thickness. The increments should be regularly and systemati- 
cally collected so that the entire quantity of coke sampled will be represented pro- 
portionately in the sample, and widi such frequency that a sample of the required 
amount is collected. It is not feasible to collect representative samples of coke 
from loaded cars or bins for sieve analyses. Samples of coke in cars or bins should 
be taken as the cars or bins are being filled or emptied. 

Procedure .— The sample should be accurately weighed. Starting with the sieve 
having the largest opening, the sample of coke should be sieved in such increments 
as will allow the pieces to be in direct contact with the meshes after the completion 
of the shaking of each increment. For coke 1 in. and larger in size the following 
square-mesh sieves are usually used: 4, 3, 2, 1.5, 1, and 0.5 in. For coke smaller than 
1 in. in size the square-mesh sieves usually used are: %, V z , %, 0.187, and 0.132 in. 

Each piece of coke retained on the 2-in. or larger sieve should be up-ended by hand 
on the sieve, to determine whether in any position it passes through the sieve. 
Coke pieces passing the 2-in. sieve should be shaken rather vigorously on each suc- 
ceeding sieve in order to up-end the pieces until practically no more coke will pass 
through the openings. The coke retained on each sieve and that which passes the 
smallest sieve used should be weighed separately. In case the coke is wet, it should 
be dried before making the sieve analysis. However, any error due to moisture 
content would usually be very small and may be neglected except in the case of 
coke smaller than 1 in. in size, in which case the coke should be dried before making 
the sieve test. 

Report.— The sieve analysis of the coke should be reported in percentage to the 
nearest 0.1% as follows: 


Passing 

4-in. sieve 
3 -in. sieve 
2-in. sieve 
1.5-in. sieve 


Retained on Per Cent 

4-in. sieve 

3-in. sieve 

2-in. sieve 

1.5-in. sieve 

1-in. sieve . 


0.187-in. sieve 0.132-in. sieve 
0.132-in. sieve 


Total 


100.0 
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In case the sum of the percentages does not total 100.0, correction should be made 
on the quantity passing through die smallest sieve so that the total will be 100.0. 
However, if the sum of the weights retained on each sieve and that which passes the 
smallest sieve shows a loss of over 0.5%, the analysis should be rejected and another 
test made. 

In view of the difficulty of obtaining representative samples of coke with regard 
to the size of pieces, even when 500-lb. samples are used for die sieve analysis, it is 
desirable to take several samples for sieve tests and average the figures for the 
several samples. 


CUBIC FOOT WEIGHT OF COKE 

This mediod of test covers a procedure for determining the cubic foot weight 
of coke 5 in. and smaller, that is, coke which would in any position pass through a 
5-in. square-mesh sieve. 

Measuring Box.— A box 24 by 24 by 24 in. in inside dimensions should be used. 
In order to keep it as light in weight as possible, die box may be made of wood, 
but it must be rigid. Two strips of wood may be fastened to the sides of the box 
to form '‘sedan-chair” handles for convenience in handling. 

Note.— F or determining the cubic foot weight of coke smaller than 1 in. in size, a 
measuring box 12 by 12 by 12 in. in inside dimensions may be used. 

Sampling .— For collecting samples of coke, the procedure described in the relevant 
sections of the Methods of Sampling Coals Classed According to Ash Content 
(ASTM Designation: D492, p. 1137) should apply in general. The weight of the 
sample selected for the determination of the cubic foot weight depends upon the 
size and character of the coke and shall conform to the following: 

For run-of-oven coke and coke 1 in. up to 5 in. in size . . . . not less than 300 lb. 

For coke smaller than 1 in. in size not less than 50 lb. 

It is extremely difficult to obtain truly representative samples of coke having a 
range of sizes. When the coke is on a belt conveyor the sample should be selected 
by stopping the belt at regular intervals and selecting increments in sections about 
3 ft. in length and the entire width of the belt, or when the coke is going over a 
pulley or coming down a chute the sample should be selected by inserting a con- 
tainer or scoop into the stream of coke at regular intervals so as to take increments 
of the full width and thickness. The increments should be regularly and system- 
atically collected, so that the entire quantity of coke sampled will be represented 
proportionately in the sample, and with such frequency that a sample of the re- 
quired amount should be collected. It is not feasible to collect representative 
samples of coke from loaded cars or bins for cubic foot weight determinations. 
Samples of coke in cars or bins should be taken as the cars or bins are being filled 
or emptied. 

Procedure .— The measuring box should be placed on a suitable platform scale, 
weighed empty, and then filled with coke from the sample while the box is on the 
scale in order to avoid handling the heavy box of coke. The box should be filled 
by means of a shovel or other suitable container by allowing the coke to slide out 

Under the standardization procedure of the Society, this method is undei die juris- 
diction of the ASTM Committee D-5 on Coal and Coke. Standardized as ASTM D292--.J 
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of the shovel or container from a height of 2 in. above the top of the box, with 
no attempt to spread or arrange the coke. Because of the physical character of 
coke it is not practical to strike off the excess coke by means of a straight-edge, so 
it is necessary to do this largely by eye with the assistance of a straight-edge to 
check observations. The box should not be shaken, tapped, or dropped during 
filling or leveling off. The box filled with coke should then be weighed. The dif- 
ference between the two weights divided by the number of cubic feet in the box 
will give the weight per cubic foot of coke. 

Note. “-F or proper interpretation of the cubic foot weight of coke, a moisture deter- 
mination and a sieve analysis of the coke should be reported along with the cubic foot 
weight. For directions for making these determinations see the following methods: 

Moisture.— Methods of Laboratory Sampling and Analysis of Coal and Coke (ASTM 
Designation: D271, p. 1145). 

Sieve Analysis— Method of Test for Sieve Analysis of Coke (ASTM Designation: D293, 
p. 1272). 


TERMS RELATING TO COAL AND COKE 111 


Proximate Analysis.— In the case of coal and coke, the determination, by pre- 
scribed methods, of moisture, volatile matter, fixed carbon (by difference), and ash. 


Note.— Unless otherwise specified, the term “proximate analysis” does not include de- 
terminations of sulfur or phosphorus or any determinations other than those named. 

Ultimate Analysis.— In the case of coal and coke, the determination of carbon and 
hydrogen in the material, as found in the gaseous products of its complete com- 
bustion, the determination of sulfur, nitrogen, and ash in the material as a whole, 
and the estimation of oxygen by difference. 


Notes.— The determination of phosphorus is not by definition a part of the ultimate 
analysis of coal or coke, but may be specified when desired. 

When the analysis is made on an undried sample, part of the hydrogen and oxygen as 
determined is present in the free moisture accompanying the coal. Therefore, in com- 
paring coals on the basis of their ultimate analysis, it is advisable always to state the 
analysis on both the “as-received” and “dry” bases. 

Inasmuch as some coals contain mineral carbonates, and practically all contain clay or 
shale containing combined water, a part of the carbon, hydrogen, and oxygen found in 
the products of combustion may arise from these mineral components. 

Moisture.— Essentially water, quantitatively determined by definite prescribed 
methods which may vary according to the nature of the material. 


Notes.— Such methods may not determine all of the water present. 

In the case of coal and coke the methods employed shall be those prescribed in the 
Methods of Laboratory Sampling and Analysis of Coal and Coke (ASTM Designation: 
D271, p. 1150). ° 


Ash.— Inorganic residue remaining after ignition of combustible substances, deter- 
mined by definite prescribed methods. 


Notes.— A sh may not be identical, in composition or quantity, with the inorganic sub- 
stances present in the material before ignition. 

In the case of coal and coke, the methods employed shall be those prescribed in the 
Methods of Laboratory Sampling and Analysis of Coal and Coke (ASTM Designation- 
D2/1, p. 1151). ° 


111 Under the standardization procedure of the Society, these definitions are under the 
DF’l SO 10 * 1 ° f lhC ASTJVI Com,nittee T>-5 on Coal and Coke. Standardized as ASTM 
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Volatile Matter.— Those products, exclusive of moisture, given off by a material 
as gas or vapor, determined by definite prescribed methods which may vary accord- 
ing to the nature of the material. 

NoTt.— In the case of coal and coke, the methods* employed shall be those prescribed in 
the Methods of Laboratory Sampling and Analysis of Coal and Coke (ASTM Designation*. 
D271,p. 1152). 

Fixed Carbon.— In the case of coal, coke, and bituminous materials, the solid 
residue other than ash, obtained by destructive distillation, determined by definite 
prescribed methods. 

Notes.— It is made up principally of carbon, but may contain appreciable amounts of 
suHui, hydiogen, nitrogen, and oxygen. 

In the case of coal and coke, the methods employed shall be those prescribed in Hie 
Methods of l.abotatoiy Sampling and Analysis of Coal and Coke (ASTM Designation: 
D271. p.11553. 

Beehive Coke.— Coke manufactured in beehive, rectangular, or similar forms of 
ovens in a horizontal bed, where heat for the coking process is secured by combus- 
tion within die oven chamber. 

By-Product Coke.— Coke manufactured with attendant recovery of by products, 
in mens that are heated externally. 

Coke Breeze.— The fine screenings from crushed coke or from coke as taken from 
the ovens, of a size varied in local practice but usually passing a ’4-m. or %-in. 
screen opening. 

Dry Coke.— A laboratory term applied to coke which has been dried to constant 
weight in accordance with definite prescribed methods. 

Note.— The methods employed shall be those for the deteimination of moistuie pre- 
scribed in tile Methods of Laboratory Sampling and Analysis of Coal and Coke (ASTM 
Designation: D271, p. 1150). In the case of lump coke, the temperatuie shall be not less 
than 104°C., noi more than 200°C.; in the case of coke passing a 250-microti (No. CO) sieve, 
the temperatuie shall be not less than 104 <> C. nor more than 110°C. for a petiod of 1 hr. 

Equilibrium Moisture of Coal. 112 — The moisture content retained at equilibrium 
in an atmosphere over a saturated solution of potassium sulfate at 3Q°C., and 96 
to 97% relative humidity. When the sample, before such equilibration, contains 
total moisture at or above the equilibrium moisture, the equilibrium moisture may 
be considered as equivalent to inherent or bed moisture; and any excess may be 
considered as extraneous moisture. 

Gross Calorific Value (Gross Heat of Combustion), H g . 113 — In the case of solid 
fuels and liquid fuels of low volatility, the heat produced by combustion of unit 
quantity, at constant volume, in an oxygen bomb calorimeter under specified 
conditions. 


Note,— T he conditions are initial oxygen pressure of 20 to 40 atmospheres, final tein- 
peratuie of G8° to 95°F. (20° to 35°C.), products in foun of ash, liquid water, and gaseous 
I -• a,, d nitrogen. This definition is not applied to gaseous or highly volatile liquid 


11 Tins tentative revision” of this standard has been accepted by the Society for the 
purpose of cl idling criticisms of which due cognizance will be taken befoie the revision is 
*P r mcorpm ation in the standard. Criticisms should be addressed to the Society. 
1910 Kate St., Philadelphia 3, Pa. 

• 113 Dtider the standardization proceduie of the Society, these definitions arc under the 
jV I n- 10,1 of 1 ,e Committee P-5 on Coal and Coke- Standaidized as ASTM 

IJ4U/-44. 



COAL AND COKE 1277 

Net Calorific Value (Net Heat of Combustion), H r 113 -In the case of solid fuels 
and liquid fuels of low volatility, a lower value calculated from the gross calorific 
value as die heat produced by combustion of unit quantity, at constant atmos- 
pheric pressure, under conditions, such that all water in the products remains in 
the form of vapor. 

Note —The net calorific value (net heat of combustion) is calculated from the gross 
calorific value (gross heat of combustion) at 68°F. (20°C.) by making a deduction of 1030 
Btu. per lb. (572 cal. per g.) of water derived from unit quantity of fuel, including both 
die water originally present as moisture and that formed by combustion. The deduction 
is not equal to the latent heat of vaporization of water (1055 Btu. per lb. at 68°F. (20°C.)) 
because the calculation is made to reduce from gross value at constant volume to net value 
at constant pressure, for which the appropriate factor under these conditions is 1030 Btu. 
per lb. 

Common Banded Coal. 114 — The common variety of bituminous and subbitumi- 
nous coal. It consists of a sequence of irregularly alternating layers or lenses of 
(I) homogeneous black material having a brilliant vitreous luster, (2) grayish-black, 
less brilliant, striated material usually of silky luster, and (3) generally thinner bands 
or lenses of soft, powdery, and fibrous particles of mineral charcoal. The difference 
in luster of the bands is greater in bituminous than in subbituminous coal. 

Splint Coal. 114 — A variety of bituminous or subbituminous coal, commonly having 
a dull luster and grayish-black color, of compact structure, often containing a few 
thin irregular bands with vitreous luster. When struck, it is resonant. It is hard 
and tough and breaks with an irregular, rough, sometimes splintery fracture. It is 
free burning and does not swell on heating. 

Cannel Coal. 114 — A variety of bituminous or subbituminous coal of uniform and 
compact fine-grained texture with a general absence of banded structure. It is 
dark gray to black in color, has a greasy luster, and is noticeably of conchoidal or 
shell-like fracture. It is noncaking, yields a high percentage of volatile matter, 
ignites easily, and burns with a luminous, smoky flame. 

Boghead Coal. 114 — A variety of bituminous or subbituminous coal resembling 
cannel coal in appearance and behavior during combustion. It is characterized by 
a high percentage of algal remains and volatile matter. Upon distillation it gives 
exceptionally high yields of tar and oil. 


SIEVES FOR TESTING PURPOSES 115 

Scope .— These specifications cover wire cloth sieves, round-hole plate screens 
(sieves), and square-hole plate screens (sieves) for precision testing in the classifi- 
cation of materials according to size (mechanical analysis, fineness, and particle size 
determinations). The sieves covered by these specifications are intended for gen- 
eral precision testing (see Note, p. 1278). A method of calibrating wire cloth sieves 
is included as information in the Appendix, 1961 Book of ASTM Standards, Part 8 
pages 1818-1823. 

111 Under the standardization procedure of the Society, these definitions are under the 
jurisdiction of the ASTM Committee D-5 on Coal and Coke. Standardized as ASTM 
Di93-39. 

115 Under the standardization procedure of the Society, these specifications are under the 
EnriT*° n 0f: tilG A ^TM Committee E-l on Methods of Testing. Adopted as ASTM 



Table 31-10. Nominal Dimensions, Permissible Variations, and 
Limits for Wire Cloth of Standard Sieves 
[U. S. Standard Series (4th Root of 2 Ratio)] 


Sieve Designation 


Standard 


Alternate 


Sieve Opening 


in. (ap- 
proxi- 
mate 
equiv- 


Permissible 
Variations 
in Average 
Opening, 
per cent 


Permissible 
Variation 
for not 
more than 5 
per cent of 
Openings, 
per cent 


Permissible 
Maximum 
Variation in 
Individual 
Openings, 
per cent 


Nominal Wire 
Diameter b 


mm. 


in. (ap- 
proxi- 
mate 
equiv- 


alents) 


alents) 


( 1 ) 


( 2 ) 


(3) 


(4) 


( 5 ) 


( 6 ) 


(7) 


( 8 ) 


(9) 


107.6 mm. 

101.6 mm. 
90.5 mm.. 
76.1 mm.. 
64.0 mm.. 

53.8 mm.. 

50.8 mm.. 


4.24 in. 

107.6 

4 in. a 

101.6 

3 Vi in. 

90.5 

3 in. 

76.1 

2 Vi in. 

64.0 

2.12 in. 

53.8 

2 in. a 

50.8 


4.24 

4.00 

3.50 

3.00 

2.50 

2.12 

2.00 


±3 

±3 

±3 

±3 

±3 

±3 

±3 


+4 

+4 

+4 

+4 

+4 

4-4 

4-4 


+5 

4-5 

4-5 

4-5 

4-5 

4-5 

4-5 


6.40 

6.30 

6.08 

5.80 

5.50 

5.15 

5.05 


0.2520 

0.2480 

0.2394 

0.2283 

0.2165 

0.2028 

0.1988 


45.3 mm. 
38.1 mm. 
32.0 ram. 
26.9 mm. 

25.4 mm. 


l 3 A in. 
1 Vi in. 
1 Vi in. 
1.06 in. 
1 in. a 


45.3 
38.1 
32.0 
26.9 

25.4 


1.75 

1.50 

1.25 

1.06 

1.00 


±3 

±3 

±3 

±3 

±3 


4-4 

4-4 

4-4 

4-5 

4-5 


4-5 

4-5 

4-5 

4-6 

4-6 


4.85 

4.59 

4.23 

3.90 

3.80 


0.1909 

0.1807 

0.1665 

0.1535 

0.1496 


22.6 

mm.*. . . . 

% in. 

19.0 

ram 

3 A in. 

16.0 

mm.*.. . . 

% in. 

13.5 

mm 

0.530 in. 

12.7 

mm 

Vi in. a 


22.6 

19.0 

16.0 
13.5 
12.7 


0.875 

0.750 

0.625 

0.530 

0.500 


±3 

±3 

±3 

±3 

db3 


4-5 

4-5 

4-5 

4-5 

4-5 


4-6 

4-6 

4-6 

4-6 

4-6 


3.50 

3.30 

3.00 

2.75 

2.67 


0.1378 

0.1299 

0.1181 

0.1083 

0.1051 


11.2 

mm.*.. . . 

Jlo in. 

9.51 

mm 

% in. 

8.00 

mm.*. . . . 

Sis in. 

6.73 

mm 

.265 in. 

6.35 

mm 

Vi in. a 


11.2 

9.51 

8.00 

6.73 

6.35 


0.438 

0.375 

0.312 

0.265 

0.250 


±3 

±3 

±3 

±3 

±3 


4-5 

4-5 

4-5 

4-5 

4-5 


4-6 

4-6 

4-6 

4-6 

4-6 


2.45 

2.27 

2.07 

1.87 

1.82 


5.66 mm.*. . . . 

4.76 mm 

4.00 mm.*. . . . 
3.36 mm 


No. 3 Vi 
No. 4 
No. 5 
No. 6 


5.66 

4.76 

4.00 

3.36 


0.223 

0.187 

0.157 

0.132 


±3 

±3 

±3 

±3 


4-5 

4-5 

4-5 

4-5 


4-10 

4-10 

4-10 

4-10 


1.68 

1.54 

1.37 

1.23 


2.83 mm.*. . . . 

2.38 mm 

2.00 mm.*. . . . 

1.6S ram 


No. 7 
No. 8 
No. 10 
No. 12 


2.83 

2.38 

2.00 

1.68 


0.111 

0.0937 

0.0787 

0.0661 


±3 

±3 

±3 

±3 


4-5 

4-5 

4-5 

4-5 


4-10 

4-10 

4-10 

4-10 


1.10 

1.00 

0.900 

0.810 


1.41 mm.* 

1.19 mm 

1.00 mm.*.. . . 
841 n 


No. 14 
No. 16 
No. 18 
No. 20 


1.41 

1.19 

1.00 

0.841 


0.0555 

0.0469 

0.0394 

0.0331 


707 m *• 


No. 


595 n 

500 n * 

420 n 


No. 

No. 

No. 


25 

30 

35 

40 


0.707 

0.595 

0.500 

0.420 


0.0278 

0.0234 

0.0197 

0.0165 


±3 

±3 

±5 

±5 


4-5 
4-5 
4-7 Vi 
4-7V 2 


4-10 

4-10 

4-15 

4-15 


0.725 

0.650 

0.580 

0.510 


±5 

4-7 Vi 

±5 

4- 7 Vi 

±5 

4- 7 Vi 

±5 

4-12 Vi 


4-15 

4-15 

4-15 

4-25 


0.450 

0.390 

0.340 

0.290 


0.0965 

0.0894 

0.0815 

0.0736 

0.0717 

0.0661 

0.0606 

0.0539 

0.0484 

0.0430 

0.0394 

0.0354 

0.0319 

0.0285 

0.0256 

0.0228 

0.0201 

0.0177 

0.0154 

0.0134 

0.0114 
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Note.— S ome industries may possibly requiie more restricted specifications for sieves for 
special testing purposes. 

Attention is called to die Method of Test for Fineness of Hydraulic Cement by 
the No. 325 Sieve (ASTM Designation C430), which contains requirements for 
2-in. diameter sieves used in the mineral industry, especially the cement group, 
and to the Specification for Precision Micromesh Sieves (ASTM Designation EIQ1), 
which covers square-hole, electroformed micromesh sieves used mainly as primary 
reference standards. 

Wire Cloth Sieves. Sieve Cloth. Fixed Ratio Series .— The openings of the sieve 
cloth of successive sieves of die standard series progress in the ratio and in 

selecting sieves from this series, it is customary to take each sieve in a given range, 
every alternate sieve, or every fourth sieve. 

Wire cloth for standard sieves should be woven from brass, bronze, or other 
suitable wire, should not be coated or plated, and should be plain weave, except 
that the cloth for sieves for 63 m (No. 230) and finer may be twilled weave. 

The average opening between the adjacent warp and the adjacent shoot wires, 
taken separately, should conform to that given in column 3 of Table 31-10, within 
the "permissible variation in average opening" given in column 5. Column 4 'gives 
the approximate equivalents in inches of the basic values in millimeters given in 
column 3. The average diameter of die warp and of the shoot wires, taken sepa- 
rately, of the cloth of any sieve should be that given in column 8 of Table 31-10, 
within the permissible variations given in footnote b of Table 31-10. Column 9 
gives the approximate equivalents in inches of the basic values in millimeters given 
in column 8. The maximum ividdi of individual openings between adjacent warp 
and shoot wires should not exceed the nominal width of opening by more than the 
"permissible maximum variation in individual openings" given in column 7 of 
Table 31-10. An exception may be made, in the case of 8-in. sieves, if the total 
length of all the portions of rows of openings exceeding this maximum width is 
less than 4 in. in both the warp and the shoot directions, considered separately, 
and provided that the sieve is not rejected because of excessive variations in diam- 
eter in either warp or shoot wires, or punctures or defects. The permissible varia- 
tion for not more than 5% of the openings is given in column 6 of Table 31-10. 

Both the warp and shoot wires should be crimped in such a manner that they will 
be rigid when in use. 

There should be no punctures or other obvious defects in the cloth. 

Note.— U ntil further notice, to permit use of sieves made to the alternate inch openings, 
a permissible variation in average opening of *4% vs ill be allowed for sieves from 26.9 
mm. (1.6 in.) to G.35 mm. (]£ in.), inclusive. 

Standard 8-in. Sieve Frames. Sieve Frames .— Frames for all sieves with openings 
4.00 mm. or less should be the standard 8-in. size, except for the 3-in. sieves de- 
scribed below. Frames for sieves having nominal openings of less than 25.4 mnt. 
(1 in.) but greater than 4.00 mm, may have frames either of the standard 8-in. she 
or of larger dimensions as may be specified in individual cases. Frames for sieves 
having nominal openings o£ 35.4 mm. (1 in.) or more should be larger than the 
8-in. standard. 

Specifications for 8-in. Standard Frames . — Frames for all sieves with openings 
5.66 mm. or less should be the standard 8-in. size, except that frames 3 in. in di- 
ameter may be used in the case of sieves 149 n (No. 100) and finer, used primarily 
in the testing of paint pigments. The standard frames should be circular, 8 m« 



Table 31-10. Nominal Dimensions, Permissible Variations, and 
Limits for Wire Cloth of Standard Sieves 
[U. S. Standard Series (4th Root of 2 Ratio)] 


Sieve Designation 

Sieve Opening 

Permissible 

Standard 

Alternate 

mm. 

in. (ap- 
proxi- 
mate 
equiv- 
alents) 

Variations 
in Average 
Opera ng, 
per cent 

(1) 

(2) 

(3) 

(4) 

(5) 

107.6 mm 

4.24 in. 

107.6 

4.24 

±3 

101.6 mm 

4 in. a 

101.6 

4.00 

±3 

90.S mm 

3 Vi in. 

90.5 

3.50 

±3 

76.1 mm 

3 in. 

76.1 

3.00 

±3 

64.0 mm 

2 Vi in. 

64.0 

2.50 

±3 

53.8 mm 

2.12 in. 

53.8 

2.12 

±3 

50.8 mm 

2 in. a 

50.8 

2.00 

±3 

45.3 mm 

1 % in. 

45.3 

1.75 

dt3 

38.1 mm 

1 Vi in. 

38.1 

1.50 

±3 

32.0 mm 

1 Vi in. 

32.0 

1.25 

±3 

26.9 mm 

1.06 in. 

26.9 

1.06 

±3 

25.4 mm 

1 in. a 

25.4 

1.00 

±3 

22.6 mm.*. . . . 

Vs in. 

22.6 

0.875 

±3 

19.0 mm 

3 A in. 

19.0 

0.750 

±3 

16.0 mm.*. . . . 

% in. 

16.0 

0.625 

±3 

13.5 mm 

0.530 in. 

13.5 

0.530 

±3 

12.7 mm 

Vi in. a 

12.7 

0.500 

±3 

11.2 mm.* 

7 /\a in. 

11.2 

0.438 

±3 

9.51 mm 

3 /s in. 

9.51 

0.375 

±3 

8.00 ram.*. . . . 

5is in. 

8.00 

0.312 

±3 

6.73 mm 

.265 in. 

6.73 

0.265 

db3 

6.35 mm 

Vi in. a 

6.35 

0.250 

±3 

5.66 mm.*. . . . 

No. 3 Vi 

5.66 

0.223 

±3 

4.76 mm 

No. 4 

4.76 

0.187 

±3 

4.00 mm.*. . . . 

No. 5 

4.00 

0.157 


3.36 mm 

No. 6 

3.36 

0.132 

±3 

2.83 mm.*. . . . 

No. 7 

2.83 

0.111 

±3 

2.38 mm 

No. 8 

2.38 

0.0937 

±3 

2.00 mm.*. . . . 

No. 10 

2.00 

0.0787 

±3 

1.68 mm 

No. 12 

1.68 

0.0661 

±3 

1.41 mm.*. 

No. 14 

1.41 

0.0555 

±3 

1.19 mm 

No. 16 

1.19 

0.0469 

±3 

1.00 mm.*. . . . 

No. 18 

1.00 

0.0394 

±5 

841 ji 

No. 20 

0.841 

0.0331 

±5 

707 ^ * 

No. 25 

0.707 

0.0278 

±5 

595 jx 

No. 30 

0.595 

0.0234 


500 n * 

No. 35 

0.500 

0.0197 

±5 

420 n 

No. 40 

0.420 

0.0165 

±5 
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Permissible 
Variation 
for not 
more than 5 
per cent of 
Openings, 
per cent 

Permissible 
Maximum 
Variation in 
Individual 
Openings, 
per cent 

Nominal Wire 
Diameter b 

mm. 

in. (ap- 
proxi- 
mate 
equiv- 
alents) 

(6) 

(7) 

(8) 

(9) 

+4 

+5 

6.40 

0.2520 

+4 

+5 

6.30 

0.2480 

+4 

+5 

6.08 

0.2394 

+4 

+5 

5.80 

0.2283 

+4 

+5 

5.50 

0.2165 

+4 

+5 

5.15 

0.2028 

+4 

+5 

5.05 

0.1988 

+4 

+5 

4.85 

0.1909 

-f4 

+5 

4.59 

0.1807 

+4 

+5 

4.23 

0.1665 

+5 

+6 

3.90 

0.1535 

-f5 

+6 

3.80 

0.1496 

+5 

+6 

3.50 

0.1378 

+5 

+ 6 

3.30 

0.1299 

+5 

+6 

3.00 

0.1181 

+5 

+ 6 

2.75 

0.1083 

+5 

+6 

2.67 

0.1051 

+5 

+ 6 

2.45 

0.0965 

+5 

+6 

2.27 

0.0894 

+5 

+6 

2.07 

0.0815 

+5 

+6 

1.87 

0.0736 

+5 

+6 

1.82 

0.0717 

+5 

+ 10 

1.68 

0.0661 

+5 

+ 10 

1.54 

0.0606 

+5 

+ 10 

1.37 

0.0539 

+5 

+ 10 

1.23 

0.0484 

+5 

+ 10 

1.10 

0.0430 

+5 

+ 10 

1.00 

0.0394 

+5 

+ 10 

0.900 

0.0354 

+5 

+ 10 

0.810 

0.0319 

+5 

+ 10 

0.725 

0.0285 

+5 

+ 10 

0.650 

0.0256 

+7Vz 

+ 15 

0.580 

0.0228 

+7 Vi 

+ 15 

0.510 

0.0201 

+7 Vi * 

+ 15 

0.450 

0.0177 

+7Vz 

+ 15 

0.390 

0.0154 

+7Vz 

+ 15 

0.340 

0.0134 

+ 12 Vi 

+25 

0.290 

0.0114 
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Table 31-10. (Continued) 


Sieve Designation 


■14 * 
37 u 


No. 45 
No. 50 
No. 60 
No. 70 

No 80 
No. 100 
No. 120 
No 140 

No. 170 
No 200 
No 230 
No 270 

No 325 
No 400 


0.354 
0.297 
0 250 
0 210 

0.177 
0.149 
0.125 
0 105 

0 088 
0 074 
0.063 
0 053 

0 044 
0 037 


in. (ap- 
proxi- 
mate 
equiv- 
alents) 


Opening, 
per cent 


0.0139 
0.0117 
0 0098 
0.0083 

0 0070 
0 0059 
0 0049 
0 0041 

0 0035 
0.0029 
0.0025 
0.0021 

0.0017 
0 0015 


Permissible 
Variation 
for not 
more than 5 
per cent of 
Openings, 
per cent 

Permissible 
Maximum 
Variation in 
Individual 
Openings, 
per cent 

Nominal Wire 
Diameter b 

mm. 

in. (ap. 
proxi- 
mate) 
equiv- 
alents) 

(6) 

(7) 

(8) 

(9) 

+12i/ 2 

+25 

0.247 


+ 121/2 

+25 

0 215 


+12 Vi 

+25 

0.180 


+ 12 Vi 

+25 

0.152 

0 0060 

+20 

+ 40 

0 131 


+20 

+40 

0.110 

0 0043 

+20 

+40 

0 091 

0 0036 

+20 

+40 

0 076 

0 0030 

+20 

+40 

0 064 

0.0025 

+30 

+60 

0 053 

0 0021 

+30 

+ 60 

0.044 

0 0017 

+30 

+60 

0 037 

0.0015 

+30 

+ 60 

0 030 

0.0012 

+30 

+60 

0 025 

0.0010 


wherever possible these sieves be included in an 3 ” ,nternatlonaI < IS °) Standard. It is recommended that 
publication ,nduded ,n alt analysis data or reports intended for international 

usage. rttl root 2 Senes, but they liave been included because they are in common 

deviate from the nominal values bj^more ^an^beWlo*™ 8 ' ta * CCn separalely ' of the 4:10111 of any sieve shall not 
Sieves coarser than 595 

Sieves 595 „ to 125 p . Q Z 

v _ Sieves finer than 12S n ls « 

mea5UrCmCntS ° f — - - wire diameters shall be n^de on L completed sieve. 

cloth should he cidOT about? Jlf’??* of . the sie ? e from tlle to P of llle frame 10 tlie 
of 2 in. (5 cin.) should he ,h • ’ 3 ° T 1 ln ’ t 2 - 5 cm )- s ic'« having a height 
"f 1 in. (2.5 cm.) as halMicighfu™ “ ^“8^ those . 1,avi "S , a Ira 'S 1 ' 1 

inside diameter y lc i n bclmv . i , The Permissible variation on the mean 

of the sieve or "sieve skirl" slmnl |7 ° ‘ S,cve should be +&= i "' Tlie bo,lom 
in any sieve conforminc to tl,„ , d be 50 constructed as to have an easy sliding fit 
this outside diameter be less than '7 P C ™‘ SSible varia “'°'ls, a “d in no case should 
covers should be so made s n ° r m ° re than 8 ' 000 in - 1 '"‘ s a " d 

Mounting of Cloth in Frame ri "““changeable w “i> standard sieves. 

• Tlie doth sliould be mounted on the frame with* 
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out distortion, looseness, or waviness. To prevent the material being sieved fiom 
catching in the joint between the cloth and the frame, the joint should be smoothly 
filled widi solder or so made that the material will not catch. The joint or fillet 
should be so constructed in the 8-in. diameter sieve as to allow a minimum free 
sieving surface 7 1 4* in. in diameter. 

Three-Inch Sieves— Sieves 3 in. in diameter, used for testing paint pigments, 
should be made from standard wire cloth 149 n (No. 100) or finer. The sieve frames 
should be circular, about 3 in. (7.6 cm.) in inside diameter, and should not vary 
from this by more than ±0.16 in. (0.4 cm.). The depth of the sieve from the top 
of the frame to the cloth should be not less than 0.75 in. (1.9 cm.). 

The frames should be constructed of first quality sheet brass in such a manner 
as to be permanently rigid. To prevent the material being sieved from catching 
in the joint between the cloth and the frame, the joint shoidd be smoothly filled 
with solder or so made that the material will not catch. 

Miscellaneous Special Sieves — The use of special size frames for special purposes 
is not precluded, as, for example, sieves having a diameter other than 8 in. or the 
nesting sieves for field use. The use of special size frames should be discouraged 
where the standard 8-in. frames could be used, because the results are not neces- 
sarily comparable. 

For some purposes, sieve frames larger than the standard 8-in. diameter may be 
either square or rectangular instead of circular, and for nominal openings 25.4 mm. 
(1 in.) and coarser, may be made of metal or hardwood. 

Label Marking.— Each sieve (except tire 3-in. sieve) should bear a label marked 
with the following information: For sieves 1.00 mm. and coarser, show the sieve 
designation in millimeters and inches. For sieves finer than 1.00 mm., show the 
sieve designation in microns and inches. The corresponding U. S. Standard Sieve 
Number may be added for the convenience of the user. 

Round-Hole Plate Screens (Sieves). Plates.— Plates used in the manufacture of 
round-hole screens should be made of brass, bronze, steel, or other rigid material. 
4 hickness of plates shoidd be governed by size of openings as well as screening area 
of screens and should conform to the requirements prescribed in Table 31-11. 


Table 31-11. — Thickness of Plates for Round-Hole Screens 


Screening 
Area, sq. in. 

Diameter of 
Opening, 
in. 

Thickness of Plate, in. 

Minimum 

Maximum 

Under 100 

All sizes. . . . 

0.049 

0.066 

100 and over 

re; and . . 

0.049 

0.066 


§ to 2^, incl. 

0.060 

0.100 


3 and 3§ . . . 

0.075 

0.130 


4 and 5 . . . . 

0.105 

0.160 


6 and 8 . . . . 

0.120 

0.175 



